UNIL | Université de Lausanne

Unicentre
CH-1015 Lausanne
http://serval.unil.ch

Year : 2017

PHARMACOGENETIC AND CLINICAL STUDY ON METABOLIC
SIDE EFFECTS INDUCED BY PSYCHOTROPIC DRUGS: FOCUS
ON WEIGHT GAIN AND ON LIPID DISTURBANCES

Delacretaz Aurélie

Delacretaz Aurélie, 2017, PHARMACOGENETIC AND CLINICAL STUDY ON METABOLIC
SIDE EFFECTS INDUCED BY PSYCHOTROPIC DRUGS: FOCUS ON WEIGHT GAIN AND ON
LIPID DISTURBANCES

Originally published at : Thesis, University of Lausanne

Posted at the University of Lausanne Open Archive http://serval.unil.ch
Document URN : urn:nbn:ch:serval-BIB_0D5BADA032555

Droits d’auteur

L'Université de Lausanne attire expressément l'attention des utilisateurs sur le fait que tous les
documents publiés dans I'Archive SERVAL sont protégés par le droit d'auteur, conformément a la
loi fédérale sur le droit d'auteur et les droits voisins (LDA). A ce titre, il est indispensable d'obtenir
le consentement préalable de l'auteur et/ou de I'éditeur avant toute utilisation d'une oeuvre ou
d'une partie d'une oeuvre ne relevant pas d'une utilisation a des fins personnelles au sens de la
LDA (art. 19, al. 1 lettre a). A défaut, tout contrevenant s'expose aux sanctions prévues par cette
loi. Nous déclinons toute responsabilité en la matiére.

Copyright

The University of Lausanne expressly draws the attention of users to the fact that all documents
published in the SERVAL Archive are protected by copyright in accordance with federal law on
copyright and similar rights (LDA). Accordingly it is indispensable to obtain prior consent from the
author and/or publisher before any use of a work or part of a work for purposes other than
personal use within the meaning of LDA (art. 19, para. 1 letter a). Failure to do so will expose
offenders to the sanctions laid down by this law. We accept no liability in this respect.


http://serval.unil.ch/

UNIL | Université de Lausanne

Faculté de biologie
et de médecine

Département de Psychiatrie

PHARMACOGENETIC AND CLINICAL STUDY ON METABOLIC
SIDE EFFECTS INDUCED BY PSYCHOTROPIC DRUGS: FOCUS ON
WEIGHT GAIN AND ON LIPID DISTURBANCES

These de doctorat és sciences de la vie (PhD)

présentée a la

Faculté de biologie et de médecine

de I'Université de Lausanne

par

Aurélie DELACRETAZ

Biologiste diplomée, Université de Lausanne

Jury

Prof. Olivier Staub, Président
Prof. Chin Bin Eap, Directeur de these
Prof. Jacques Fellay, Expert
Dr. Ariane Giacobino, Expert

Prilly-Lausanne 2017



Nonil

UNIL | Université de Lausanne Ecole Doctorale
Faculté de biologie
et de médecme Doctorat és sciences de la vie

Imprimatur

Vu le rapport présenté par le jury d'examen, composé de

Président: e Monsieur Prof. Olivier Staub

Directeutr- rice de thése ~ Monsieur Prof. ChinB. Eap

Experts- es Monsieur Prof. Jacques Fellay

Madame Dre Ariane Giacobino

le Conseil de Faculté autorise 1'impression de la these de

Madame Aurélie Delacrétaz

Maitrise universitaire en science de I’ Université de Lausanne

intitulée

PHARMACOGENETIC AND CLINICAL STUDY ON METABOLIC
SIDE EFFECTS INDUCED BY PSYCHOTROPIC DRUGS: FOCUS
ON WEIGHT GAIN AND ON LIPID DISTURBANCES

Lausanne, le 10 novembre 2017

pour le Doyen
de la Faculté de @i\ologie et de médecine

\Y

Prof. Olivier Staub



UNIL | Université de Lausanne

Faculté de biologie
et de médecine

Département de Psychiatrie

PHARMACOGENETIC AND CLINICAL STUDY ON METABOLIC
SIDE EFFECTS INDUCED BY PSYCHOTROPIC DRUGS: FOCUS ON
WEIGHT GAIN AND ON LIPID DISTURBANCES

These de doctorat és sciences de la vie (PhD)

présentée a la

Faculté de biologie et de médecine

de I'Université de Lausanne

par

Aurélie DELACRETAZ

Biologiste dipldmée, Université de Lausanne

Jury

Prof. Olivier Staub, Président
Prof. Chin Bin Eap, Directeur de these
Prof. Jacques Fellay, Expert
Dr. Ariane Giacobino, Expert

Prilly-Lausanne 2017






Table of contents

o3 {1/ 1= Yo [ 0= o | £ I
ADDIEVIBLIONS ... 1]
S TU 000 F= T YT A
=TS U o T \%
RESUME 1arge PUDIIC....... e e e e e e e e e e e et e e eananns VI
PIrEfACE. ... VI
INTRODUGCTION. ...ttt ettt e e e ettt e e e ettt e e e e st e e e e e nseeaeeaansaeeaeeanneeeas -1-
Therapeutic and side effects — mechanisms of action...............cccooooiiii -2-
Metabolic side effects induced by psychotropic drugs..........cccocoveeeiiiiiiiiiiii e, -5-
Possible mechanisms of psychotropic drug-induced metabolic effects ....................... -11-
Individual variations in metabolic side effects..............uuuiiiiiiiiiiiiiiii -14 -
103 [T Tor= I =T (o = TSP -14 -
GENELIC FACKOIS ...t -15-
Management of metabolic effects induced by psychotropic drugs............ccccccccunnnnnns -18 -
N1 PSPPSR -21-
IMETHODS ...ttt et e e e ettt e e e e sttt e e e e at et e e e e nsaeaeeannsseeeeeanseeeaeennnes -25-
RESULTS ..ottt e ettt e e ettt e e e ettt e e e e e se e e e e e e anseeeeeaansseeaeaanseeeaeeannneeas -29-

Project I: Influence of MCHR2 and MCHR2-AS1 Genetic Polymorphisms on Body Mass
Index in Psychiatric Patients and In Population-Based Subjects with Present or Past Atypical

=T 0] =11 o] o [T -31-



Project Il: Association of variants in SH2B1 and RABEP1 with worsening of low-density

lipoprotein and glucose parameters in patients treated with psychotropic drugs................ - 59 -

Project lll: Influence of polygenic risk scores on lipid levels and dyslipidemia in a

psychiatric population receiving weight gain-inducing psychotropic drugs ........................ -83 -

Project IV: Early changes of blood lipid levels during psychotropic drug treatment as

predictors of long-term lipid changes and of new onset dyslipidemia................cccc.oueeee... -153 -
DISCUSSION ...ttt ekttt e e ekttt e e e e sttt e a2 e ste e e e e anbe e e e e aansaeeeeannes -231-
PEISPECHIVES ... -242 -
REFERENGCES ... .ottt ettt e e ettt e e e e st e e e e e nt e e e e e ansaeeaeaanees - 247 -
APPENDIX ...ttt ettt n bt e e e ne e e e e e e nb e e e e e e nnnr e e e e e nees - 263 -

Co-authorship publications ... e - 265 -






Acknowledgments

First and foremost, | would like to express my gratitude to my thesis director, Prof. Chin Eap,
for offering me the chance to pursue working in his team after my master project, for his
unconditional support throughout these years and for the inspiring discussions we shared. |

learnt a lot from his scientific and leadership expertise.

| would like to thank the jury president, Prof. Olivier Staub, and the experts, Prof. Jacques
Fellay and Dr. Ariane Giacobino, for having accepted to evaluate the present work and for their

constructive suggestions and reflections.

Many thanks also to Prof. Philippe Conus and Prof. Armin von Gunten for supporting the
clinical and pharmacogenetic study and for their accurate review of articles. Thanks to the
medical and nursing staff who contributed to patient inclusion and to all patients who gave their

consent for the present study.

| am very grateful to all colleagues of the Unit of Pharmacogenetics and Clinical
Psychopharmacology for their constant enthusiasm which contributed to the rewarding working
environment in the lab. Special thanks to Dr Lina Quteineh, Dr Frederik Vandenberghe, Dr Nuria
Saigi Morgui, Dr Etienne Weisskopf, Anais Glatard, Axel Levier, Céline Dubath and master

students for the scientific discussions and the great moments.

| would like also to warmly thank Dr Mehdi Gholam-Rezaee for his precious help in the

statistical methodology.

My gratefulness goes also to Prof Wassim Raffoul, Prof Lee-Ann Laurent-Applegate and Dr.
Paris Jafari for their implication in the recruitment of adipose samples. Starting this project from

the beginning was a very enriching experience for me.

| also thank Prof. Pierre-Yves Bochud and Dr Stéphanie Bibert for having provided the

equipment for methylation analyses.

Finally, | would like to express my gratitude to Didier, my family, in-laws and friends for their

support, trust, patience and who encouraged me throughout these years.



Abbreviations

5-HT;aR
5-HTR
5-HT.cR
5-HTeR
5-HT;R
5-HTR
BMI
CRTCH1
D,R
DBP
DNA
EPS

FDA
FG
GWAS
HiR
HDL
LDL
MCH
MCHR2
MCHR2-AS1
MDD
meQTL
MetS
NOD
NPY
POMC
PRS
RABEP1
SBP
SH2B1
SNP
SREBP
TC
TDM
TG
UPPC
wWC
WG

Serotonin receptor 1A
Serotonin receptor 2A
Serotonin receptor 2C
Serotonin receptor 6
Serotonin receptor 7

Serotonin receptor
Body mass index

CREB Regulated Transcription Coactivator 1
Dopamine receptor 2

Diastolic blood pressure
Deoxyribonucleic acid
Extrapyramidal symptoms

United States food and drug administration
Fasting glucose

Genome-wide association study

Histamine receptor 1

High-density lipoprotein cholesterol
Low-density lipoprotein cholesterol
Melanin-concentrating hormone
Melanin-concentrating hormone receptor 2
MCHR2 antisense RNA 1

Major depressive disorder

Methylome quantitative trait loci

Metabolic syndrome

New-onset dyslipidemia

Neuropeptide Y

Pro-opiomelanocortin

Polygenic risk score

Rabaptin, RAB GTPase Binding Effector Protein 1
Systolic blood pressure

Src-homology 2B Adaptor Protein 1
Single-nucleotide polymorphism
Sterol-regulatory element-binding proteins
Total cholesterol

Therapeutic drug monitoring

Triglyceride

Unit of Pharmacogenetics and Clinical Psychopharmacology
Waist circumference

Weight gain



Summary

Patients suffering from mental disorders have a significantly reduced life expectancy
compared to the general population. This is mainly attributed to cardiovascular diseases
resulting in part from the use of certain psychotropic treatments. Thus, many antipsychotics,
some mood stabilizers and certain antidepressants can induce substantial metabolic
disturbances. The aim of the present work was to identify whether and which clinical and/or
genetic factors are associated with metabolic effects induced by psychotropic drugs, and to
determine whether these factors can predict the worsening of metabolic parameters, in
particular dyslipidemia, during treatment. Firstly, a candidate gene study on MCHR?Z2 identified a
significant association between MCHRZ2 rs7754794C>T and body mass index (BMI), with TT
carriers having significantly lower BMI (-0.84 kg/m?) compared to C allele carriers (n=736). This
association was also recognized in the general population, particularly in patients suffering from
atypical depression (n=453). A second study was conducted to determine whether BMI-related
single genetic polymorphisms (SNPs) in population-based samples are associated with
cardiometabolic phenotype worsening in the psychiatric population during treatment. Using a
hierarchical statistical approach, this study showed that SH2B7 rs3888190C>A (n=406) and
RABEP1 rs1000940A>G (n=369) were significantly associated with blood levels of LDL-
cholesterol and fasting glucose, respectively. The third study, focusing on polygenic risk scores
combining multiple SNPs, demonstrated significant associations between the scores and blood
lipid levels in the psychiatric population (n=336). Finally, another project aimed to determine the
predictive power of early (i.e. after the first month of treatment) changes of lipid levels on longer-
term (after three and twelve months) changes of lipid levels and on new onset dyslipidemia.
This study showed that early lipid change of 25% after the first month was the best predictor for
important lipid deterioration in longer-term treatment (n=181). These findings provide new
insights into the mechanisms underlying metabolic disturbances induced by psychotropic drugs
and emphasize the importance of clinical and genetic parameters to predict dyslipidemia in

patients receiving these drugs, providing possible steps towards personalized medicine.



Résumé

Les patients souffrant de troubles psychiatriques ont une espérance de vie significativement
réduite par rapport a la population générale, principalement attribuée aux maladies
cardiovasculaires résultant notamment de l'utilisation de certains psychotropes. En effet, de
nombreux antipsychotiques ainsi que certains stabilisateurs de I'humeur et antidépresseurs
peuvent induire des troubles métaboliques importants. Ce travail vise a identifier quels sont les
facteurs cliniques et/ou génétiques associés aux effets secondaires métaboliques induits par les
psychotropes, ainsi qu'a déterminer si ces facteurs peuvent prédire la détérioration
métabolique, en particulier la dyslipidémie, durant le traitement. En premier lieu, une étude géne
candidat a identifi€ une association significative entre le MCHRZ2 rs7754794C>T et l'indice de
masse corporel (IMC), avec les patients porteurs du génotype rs7754794C>T TT ayant un IMC
significativement plus bas (-0.84 kg/m?) que les porteurs de l'alléle C (n=736). Cette association
a également été identifiée dans la population générale, en particulier chez les patients souffrant
de dépression atypique (n=453). Une deuxiéme étude a été conduite afin de déterminer si des
polymorphismes nucléotidiques simples (« single nucleotide polymorphisms » ou SNPs)
associés a [I'IMC dans la population générale étaient associés a la déterioration
cardiométabolique observée chez les patients psychiatriques durant le traitement. A I'aide d’'une
approche statistique hiérarchique, cette étude a montré que SH2B7 rs3888190C>A (n=406) et
RABEP1 rs1000940A>G (n=369) étaient significativement associés aux taux sanguins de
cholestérol-LDL et de glucose, respectivement. La troisieme étude, focalisée sur les scores de
risque polygéniques combinant de nombreux SNPs, a démontré des associations significatives
entre les scores et les taux sanguins lipidiques (n=336). Finalement, un autre projet visait a
évaluer la puissance prédictive de modifications lipidiques précoces (c.-a-d. aprés le premier
mois de traitement) sur les changements lipidiques a plus long terme (c.-a-d. aprés trois et
douze mois) et sur le développement de dyslipidémie. Cette étude a montré que les
modifications lipidiques précoces 25% sont les meilleurs prédicteurs pour une péjoration
lipidique importante sur le long terme (n=181). Ces résultats fournissent de nouvelles
connaissances sur les mécanismes impliqués dans les troubles métaboliques induits par les
psychotropes et soulignent I'importance des paramétres cliniques et génétiques dans la
prédiction de la dyslipidémie chez les patients recevant ces médications, ouvrant de possibles

perspectives vers une médecine personnalisée.



Résumé large public

Les maladies métaboliques comme I'obésité ou d’autres maladies cardiovasculaires
(diabéte de type 2, perturbations des lipides dans le sang, etc.) représentent un enjeu de santé
majeur en psychiatrie. En effet, de nombreux antipsychotiques ainsi que certains stabilisateurs
de I'humeur et antidépresseurs, couramment utilisés pour traiter les symptomes liés a la
schizophrénie et aux troubles de 'humeur, peuvent induire des effets secondaires métaboliques
importants. Le but de ce travail est d’étudier les facteurs de risque associés aux effets
métaboliques induits par les psychotropes, et de déterminer si ces facteurs peuvent étre utilisés
pour prédire le développement des effets secondaires métaboliques (en particulier les
dyslipidémies) durant le traitement. En premier lieu, des analyses génétiques ont mis en
évidence I'importance d’'un géne impliqué dans la régulation de I'appétit, le MCHR2, sur l'indice
de masse corporelle des patients. Une deuxiéme étude, utilisant une approche différente, a
déterminé des associations significatives entre des modifications génétiques au sein de deux
genes (SH2B1 et RABEP1) et les taux sanguins de cholestérol LDL et de glucose,
respectivement. Une autre étude a montré des associations significatives entre les scores de
risque génétique (combinant de nombreuses variations génétiques) et les taux sanguins de
lipides (cholestérol LDL, cholestérol HDL, cholestérol total et triglycérides). Finalement, une
étude a été menée afin d’évaluer I'effet d’'une détérioration précoce des taux de lipides dans le
sang (aprés le premier mois de traitement psychotrope) sur une détérioration ultérieure des
lipides. Les analyses ont montré qu’'une augmentation des taux lipidiques égale ou supérieure a
5% apres le premier mois de traitement permettait de prédire une détérioration lipidique
importante ainsi que la survenue d’une dyslipidémie a plus long terme (aprés trois et douze
mois de traitement). En résumé, les résultats de cette thése permettent de mieux comprendre
les mécanismes impliqués dans les troubles métaboliques, notamment lipidiques, associés aux
psychotropes. De plus, ils apportent de nouveaux outils cliniques afin de prévoir et si possible

éviter les effets lipidiques associés a la prescription de nombreux psychotropes.
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Preface

The present work was conducted at the Unit of Pharmacogenetics and Clinical
Psychopharmacology (UPPC), in the Center for Psychiatric Neurosciences in Lausanne
University Hospital. The UPPC lab is involved in different fields of activity, providing medico-
technical services in relation to therapeutic drug monitoring (TDM), including plasma and urinary
psychotropic drug quantification, for which result interpretations and eventually
psychopharmacological advices are provided. Medico-technical services for molecular biology
related to pharmacogenetics are also supplied. A program of pharmacovigilance (i.e. drug
safety) and clinical psychopharmacology intervisions are also proposed to some services in the

Department of Psychiatry and to external physicians.

In the UPPC lab, clinical and pharmacogenetic research aims to determine whether and

which clinical and genetic factors are associated with psychotropic-related side effects.

Weight gain (WG) and metabolic complications are major side effects induced by some
psychotropic drugs, increasing the risk of cardiovascular events and long-term morbidity and
mortality in psychiatric populations. Since 2007, the Department of Psychiatry has implemented
an internal guideline requiring that patients being prescribed psychotropic drugs (antipsychotics,
some antidepressants and mood stabilizers) must be followed for metabolic side-effects. To
date, informed consent was obtained from more than 1500 patients whose clinical data, genetic

data and DNA samples are available.

The aim of the present thesis was to improve the current understanding of metabolic side
effects induced by psychotropic drugs. For that purpose, different approaches were used to
elucidate whether clinical and/or genetic factors are associated with metabolic side effects, and

to which extent these factors predict these adverse effects.

Vil






INTRODUCTION



In the psychiatric population, a high prevalence of therapeutic failure and medication-
associated side effects are observed, partly due to the high inter-individual variability in drug
responses for efficacy, safety and tolerability. Drug responses depend on many personal factors
including age, sex, ethnicity but also environmental (e.g. smoking, concomitant medication, diet)

and genetic factors.

Since the pathophysiology of psychiatric disorders is only partially elucidated, drug
development in mental health care has been essentially based on experimental observations.
Thus, the first antipsychotic drug was discovered by accident in the 1950s when one drug with
antihistaminic properties (chlorpromazine) was observed to have antipsychotic effects in
schizophrenic patients. This discovery has been considered as one of the major advances in the
history of psychopharmacology (1). By the 1970s, the ability of antipsychotics to block
dopamine-2 receptors (D-R) was recognized as the mechanism through which they reduced
positive symptoms of schizophrenia (i.e delusions and hallucinations). However, these
compounds were linked with movement disorders, defined as acute extrapyramidal symptoms
(EPS), and were limited by their inability to treat the full range of psychotic symptoms. In the
early 1970s, the first second-generation antipsychotic introduced (i.e. clozapine) showed a
lower tendency to induce EPS and a significant increase in efficacy on both positive
(hallucinations, disorganized behavior) and negative symptoms (social withdrawal, apathy) due
to their affinities for a larger spectrum of central receptors (2). Nowadays, as a result of an
increasing number of diagnoses of mental health conditions but also of many off-label uses, the

use of antipsychotic drugs has raised significantly.

Therapeutic and side effects — mechanisms of action

Although the pathophysiology of psychiatric disorders is only partially explained, the most
commonly accepted hypothesis to describe schizophrenia is based in part on an hyperactivity of
dopamine tone in the mesolimbic dopamine pathway, postulated to cause the positive

symptoms of psychosis (3). This pathway is involved in the transmission of dopamine from the
-2-



ventral tegmental area to the nucleus accumbens and it regulates many reward-related
processes. By blocking D,R in the mesolimbic pathway, antipsychotics reduce positive
symptoms, i.e. delusions and hallucinations. On the other hand, this antagonism may generate
a loss of reward, contributing to anhedonia and apathy which may induce or worsen negative
symptoms of schizophrenia. In addition, instead of being specific to the mesolimbic dopamine
pathway, antipsychotics target D,R from the entire brain region, which can contribute to the
development of numerous adverse effects. Thus, D,R antagonism in the nigrostriatal dopamine
pathway may produce movement disorders, i.e. EPS, occasionally leading to tardive dyskinesia
in the long-term, a highly debilitating and potentially irreversible movement disorder (4).
Moreover, D,R antagonism in the tuberoinfundibular pathway may induce hyperprolactinemia, a
condition interfering with fertility in women, as well as a decrease in mineral bone density (5).
First-generation antipsychotics also have other important pharmacological properties, including
blockage of muscarinic cholinergic receptors, related with dry mouth, blurred vision, constipation
and cognitive blunting, and a blockage of histamine-1 receptors (H;R), causing weight gain and
drowsiness and blockade of alpha-1 adrenergic receptors, which may induce cardiovascular
side effects (3). Because antipsychotics differ in their pharmacological profiles, they differ in
their side-effects profile. Indeed, some are more sedating than others and some have more

ability to cause EPS than others.

Atypical antipsychotics or second generation antipsychotics are distinguished from classical
antipsychotics by their pharmacological profile. Several serotonin receptors (5-HTR), such as 5-
HT.aR, 5-HTcR, 5-HT4aR, 5-HT¢R and 5-HT-R, may contribute to the mechanism of action of
atypical antipsychotics (6). Dopaminergic modulations, including a low affinity for dopamine D,R
and a partial DR agonism and glutamatergic regulations may also be involved in the
pharmacological background of “atypicality”. Compared to first generation antipsychotics, some
second generation antipsychotics (i.e. clozapine and quetiapine) have a lower affinity for D,R
and a faster D,R dissociation, thereby contributing to their lower propensity to induce EPS.

Additionally, 5-HT,AR antagonism confers atypical antipsychotics a reduction of negative
-3-



symptoms and a reduction of hyperprolactinemia and of extrapyramidal symptoms. These drugs
also display affinities for many other central receptors such as histaminic, muscarinic and

adrenergic receptors (Table 1).

Table 1 summarizes the pharmacological profile of various typical and atypical
antipsychotics. Equilibrium constant (i.e. the concentration (in nanomolar) of antipsychotics
needed to block 50% of the receptors) is indicated for each drug and receptor (6-14). Most
typical antipsychotics have a propensity to antagonize D,R more potently than 5-HT,AR. On the
other hand, most atypical antipsychotics possess more potent 5-HT,,R antagonism than D,R

antagonism, resulting in a D,R /5-HT,aR ratio >1 (6).

Table 1. Receptor affinities for some antipsychotics (Adapted from: Kusumi et al., Psychiatry and Clinical Neurosciences,

2014)

Ki (nM) Ratio
Dy D, D3 Dy 5-HTa 5-HTa  5-HTyc 5-HTg 5-HT; a-1 -2 AchM H; Dy/5-HToa
Typical antipsychotics
Nemonapride >5000 0.16 0.26 0.31 1.8 34 224 ND ND 178 2655 >5000 2617 0.0047
Bromperidol 214 1.2 5 35 3163 47 >5000 ND ND 15 >5000 >5000 796 0.026
Haloperidol 270 1.4 21 11 3081 25 >5000 >5000 380 19  >5000 4669 727 0.056
Chlorpromazine' 711t 26t 24% 8att 3115 12 6.1 4 214 03 184 67 0.18 056
Mosapramine 143 1.8 1.0 3.2 327 24 709 ND ND 43 ND 2237 117 0.75
Clocapramine 243 13 9.1 164 306 1.9 17 ND ND 85 1076 >5000 1076 6.8
Zotepine 84 13 16 39 330 091 29 1.2% 10 3.4 960 550 34 14
Pipamperone 2450 93 480 51 2600 1.2 120 ND 150 66 680 >5000 >5000 78
Atypical antipsychotics

r\mislllpridc‘ >10 000 3.0 3.5 2369 >10 000 8304 >10 000 4154 12 >10 000 1114 >10000 >10 000 0.00036
r’\l’ipipr‘\l.olt:§ 1960 0.74 1.0 510 5.6 8.7 76 570 10 26 74 6780 25 0.085
Blonanserin* 1070 0.14 0.49 150 804 0.81 26 42 183 27 530 100 765 0.17
Quetiapine 4240 310 650 1600 320 120 3820 ND 290 58 1000%% 1020 19 2.6
Perospirone 1111 1.3 4.4 1.8 13 0.22 55 ND ND 25 245 >5000 22 5.9
Olanzapine 250 17 54 28 2720 1.9 7.1 25 120 60 170%¢% 26 3.5 8.9
Paliperidone 670 4.0 7.5 30 380 0.25 71 ND 1.3 4 17 3570 10 16
Risperidone 620 3.3 13 16 250 0.16 63 420 1.6 23 7.5  >5000 26 21
Ziprasidone 330 9.7 7.5 39 12 0.31 13 765¢% 4.9 12 310%%  >5000 53 31
Clozapine 540 150 360 40 180 3.3 13 4 21 23 160 34 2 45

All data without notes are based on Schotte et al. (1995) and Schotte et al. (1996)
Based on Horacek et al. *Based on Abbas et al. $Based on Shapiro et al. YBased on Une and Kurumiya. ''Based on Gross and Drescher. *'Based on Roth et al.
$5Based on Schmidt et al.

ND, not determined.



Table 2. Target receptors of antipsychotic drugs and their associated metabolic side effects (Balt et al., Clinical

pharmacology and therapeutics, 2011)

Receptor Side effect Mechanism
Serotonin 5-HT 2C Diabetes Antagonists disrupt sympathetic regulation of peripheral glucose metabolism; also inhibit skeletal
muscle and hepatic glucose uptake
Weight gain Antagonists disinhibit hypothalamic NPY neurons (resulting in elevated NPY) and inhibit POMC
neurons (resulting in decreased a-MSH); may also play a role in leptin resistance
Serotonin 5-HT 1A Diabetes Antagonists inhibit skeletal muscle and hepatic glucose uptake and downregulate pancreatic -cell
sensitivity to glucose
Weight gain Agonists increase food intake; partial agonists may mitigate 5-HT2C antagonism,; partial agonists
may also decrease carbohydrate craving
Histamine H1 Weight gain Antagonists cause increased hypothalamic AMPK activity, mimicking depletion of cellular energy
stores and causing increased appetite
Diabetes Antagonists disrupt sympathetic regulation of adipose tissue
Sedation Antagonists inhibit cholinergic neurons of basal forebrain and serotonergic neurons of dorsal raphe
Dopamine D2 Weight gain Antagonists cause overall decrease in limbic dopaminergic activity, possibly leading to increased

engagement reward-seeking behaviors such as food intake; agonists (psychostimulants, cocaine)
are appetite suppressants

Extrapyramidal side effects ~ Antagonists disinhibit indirect descending motor pathway in basal ganglia

Endocrine effects Antagonists disinhibit prolactin release from posterior hypothalamus, also contributing to weight
gain
Muscarinic M1 Anticholinergic effects Antagonists cause dry mouth, urinary retention, cognitive dysfunction, urinary retention, and

constipation
Muscarinic M3 Diabetes Antagonists cause impaired glucose tolerance and reduced insulin secretion from pancreatic 3 cells

a-MSH, a-melanocyte-stimulating hormone; AMPK, AMP-related kinase; NPY, neuropeptide Y; POMC, pro-opiomelanocortin.

Metabolic side effects induced by psychotropic drugs

Psychotropic medications such as antipsychotics (mostly atypical but also some typical
ones), mood stabilizers (e.g. lithium and valproate) and some antidepressants (e.g. mirtazapine)
can increase the risk of metabolic disorders including obesity, dyslipidemia and type 2 diabetes
(15). This excess cardio-metabolic risk contributes to a reported 10 year- shorter life expectancy
in psychiatric patients, compared to the general population (16). In addition, the high prevalence
and poor tolerability of metabolic effects induced by psychotropic medications frequently lead to
suboptimal medication compliance and high rates of treatment discontinuation, resulting in

relapse and poor patient outcomes in the long-term.

Obesity and weight gain

Patients with severe mental disorders have a significantly higher risk of being overweight or

obese compared to the general population (17-19). Weight gain is a well-established side effect
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of psychotropic drugs, affecting between 15% and 72% of patients (20). As reported by many
studies, psychotropic treatments differ in their propensity to induce weight gain (20-23). A recent
meta-analysis comparing 15 antipsychotics to placebo corroborated these findings (Figure 1),
showing that clozapine and olanzapine are associated with greatest weight gain, quetiapine,
risperidone and paliperidone confer an intermediate risk and aripiprazole, amisulpride and
lurasidone have a lower effect on body weight (24). It is worth noting that some first-generation
antipsychotics such as chlorpromazine and other sedative first generation antipsychotics are
also associated with significant weight gain compared to placebo (24). Thus, the so-called low-
potency agents (such as chlorpromazine) have a higher weight gain potential than high-potency
drugs such as haloperidol (20, 25). In addition, certain mood stabilizers (e.g. lithium, valproate)
and antidepressants (e.g. mirtazapine, amitriptyline) were also described for their propensity to

induce weight gain and other metabolic disturbances (20, 26-31).



Weight gain SMD (95% Crl)

Haloperidol 0-09 (-0-00 to 0-17) I

Ziprasidone 0-10 (-0-02 to 0-22) H———

Lurasidone 0-10 (-0-02 to 0-21) -

Aripiprazole 0-17 (0-05 to 0-28) —

Amisulpride 0-20 (0-05 to 0-35) i

Asenapine 0-23 (0-07 to 0-39) i

Paliperidone 0-38 (0-27 to 0-48) —
Risperidone 0-42 (0-33 to 0-50) .
Quetiapine 0-43 (0-34to 0-53) -
Sertindole 0-53 (0-38 to 0-68) ——
Chlopromazine 0-55 (0-34 to 0-76) —_——-—
lloperidone 0-62 (0-49 to 0-74) e
Clozapine 0-65 (0-31 to 0-99) b -
Zotepine 0-71(0-47 to 0-96) ! =

Olanzapine 0-74 (0-67 to 0-81) .

|
-0.5 0 0.5 1

<+— —>
More weight gain with placebo More weight gain with active drug

Figure 1. Forest plot for weight gain induced by antipsychotics compared with placebo (Adapted from Leucht et al.,

Lancet, 2013)

Metabolic syndrome (MetS) is a clinical condition defined by a combination of central obesity,
high blood pressure, low high-density lipoprotein cholesterol (HDL), elevated triglyceridemia
and/or hyperglycemia. As reported by Vancampfort and collaborators, individuals with severe
mental disorder (i.e. schizophrenia, bipolar disorders and major depressive disorder) have a 1.6
increased risk for metabolic syndrome and its components compared to the general population
(32). In the same study, people treated with antipsychotics were more likely to suffer from MetS
compared to antipsychotic-naive participants, highlighting the ability of antipsychotics to worsen
metabolic parameters. In accordance with weight gain-related studies, clozapine and olanzapine
were also found at higher risk for MetS as compared to other molecules (32-35). Interestingly, in
agreement with data shown in Figure 1 above, Vancampfort and collaborators demonstrated

that certain first generation antipsychotics such as chlorpromazine were not devoid of metabolic
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side effect as they had a higher tendency to induce metabolic disturbances than aripiprazole

(32).

2.5

2.0

1.5 a

1.0

Estimated Relative Risk of New-Onset
Hyperlipidemia (odds ratio, £95% Cl)

aSignificantly different from no antipsychotic medication treatment
(reference), p<.0.05.

Figure 2. Association of antipsychotic medication treatment with new-onset hyperlipidemia in adults with psychotic

disorders (Adapted from: Olfson et al., The American journal of psychiatry, 2006)

Lipid levels

There is accumulating evidence showing that some psychotropic medications can increase
the risk of dyslipidemia, i.e. the risk to develop an imbalance of lipid components, encompassing
elevated levels of total cholesterol (TC), low-density lipoprotein cholesterol (LDL), triglyceride
(TG) or reduced HDL levels. By examining individual cardio-metabolic abnormalities in

schizophrenic patients, Mitchell and collaborators observed that at least 2 in 5 patients had lipid
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abnormalities (36). More interestingly, they noticed that patients taking antipsychotics were
more likely to suffer from hypertriglyceridemia and HDL hypocholesterolemia compared to
untreated patients (36). These findings are in accordance with a case-control study reporting a
significant increased risk of developing hyperlipidemia in patients with schizophrenia or mood
disorders receiving antipsychotic medications compared to patients not treated with these drugs
(37) and with studies in patients with depression or bipolar disorders receiving these
medications (38, 39). Figure 2 shows that treatment with clozapine, olanzapine, risperidone,
quetiapine and with first-generation antipsychotics (but not with aripiprazole) is associated with
a significantly greater risk of new-onset hyperlipidemia compared to no-antipsychotic treatment
(37). Although antipsychotic drugs are known to be associated with different degrees of weight
gain, larger studies and meta-analyses are needed to determine how these drugs alter the lipid
profile and whether their rank of risks is similar to weight gain. Despite their well-known
propensity to induce weight gain, the influence of antidepressants on lipid levels remains scarce
(40). Among mood stabilizers, lithium was shown to have a nominal influence on lipid traits (41),
possibly through its influence on hypothyroidism leading to weight gain (42). Finally, valproate
has been linked with lower TC and LDL levels in epileptic children (43) and in patients with
bipolar disorders (44) despite its positive association with weight gain, triglycerides and glucose
(45). Psychotropic-induced dyslipidemia has long been considered as resulting from
psychotropic-drug induced weight gain. However, new data has revealed that these lipogenic
adverse effects may occur very early during treatment and may even precede weight gain,
displaying weight-independent molecular effects in addition to weight-related ones (46-51). A
prospective longitudinal study conducted to determine the course of weight gain and other
cardiometabolic abnnormalities in first-episode patients treated with antipsychotics showed that
the weight was substantially increased within the first months of treatment (Figure 3). Similarly,
within the same period of antipsychotic treatment, TC, LDL and TG levels were also drastically
increased, and then remained relatively constant. On the contrary, HDL plasma levels remained

stable during the first year and decreased only thereafter (Figure 3).
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Figure 3. Evolution of weight and lipid values during the first three years of antipsychotic treatment (Adapted from:

Perez-Iglesias el al., The international journal of neuropsychopharmacology, 2014)

Glucose levels

Glucose dysregulation may occur following psychotropic treatments in patients with
schizophrenia or bipolar disorders (52), with approximately 20% of patients having significant
hyperglycemia (36). This side effect may be provoked peripherally, independently of weight gain
(53). Indeed, in healthy volunteers receiving olanzapine or placebo for 3 days, although no
significant difference was detected between both treatments in terms of body weight, olanzapine
provoked an important deterioration of oral glucose tolerance test (54). The weight-independent
impaired glucose homeostasis was corroborated in a recently published inpatients study with a
longer olanzapine treatment (9 days) (55). However, glucose impairment may also occur as a
result of antipsychotic-induced weight gain. Although a recent meta-analysis determined that
antidepressants increase the likelihood of new-onset type 2 diabetes (56), no causal

relationship could be established and future randomized studies are needed to confirm this
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association. In addition, the use of mood stabilizers was also reported to increase the
occurrence of type 2 diabetes in patients with major depression (57). Thus, certain mood
stabilizers such as valproate were associated with an elevated risk for the development of

insulin resistance (58).

Possible mechanisms of psychotropic drug-induced metabolic effects

To date, mechanisms underlying psychotropic-induced metabolic side effects are only
partially understood. One possible hypothesis to explain these mechanisms is the increase in
appetite, which is often observed in treated patients. Thus, some receptors targeted by
psychotropic drugs are also involved in the regulation of food intake (59). Because antagonism
of 5-HTcR in the hypothalamus was shown to enhance food intake (60) and 5-HT.cR genetic
variants were extensively associated with obesity, glucose intolerance and susceptibility for
weight gain in patients receiving psychotropic treatments (61, 62), this receptor represents a
good candidate to explain psychotropic drug-induced weight gain and other metabolic
abnormalities. However, certain drugs (such as ziprasidone) have a low ability to induce weight
gain despite their high affinity for 5-HT,cR (63) (Table 1), suggesting many other possible
receptor affinities to explain the orexigenic potencies of antipsychotic drugs. For instance, since
H; antihistamines were reported to be orexigenic in rats (64) and in humans (65), the
histaminergic neurotransmission was also proposed to play a role in the homeostatic and
hedonic aspects of feeding (53, 66). Antipsychotics associated with the greatest degree of
weight gain (i.e. olanzapine and clozapine) are those that have the most potent antagonist
action simultaneously on H/R and on 5-HT,cR (6, 67). Therefore, it is recognized that a
concomitant antagonism on H4R and 5-HTcR, together with many other receptors, may explain
the metabolic profile of psychotropic drugs (3). Table 2 shows target receptors of antipsychotics
and their possible associated metabolic side effects (68). It is worth mentioning that, in addition
to their actions on the central nervous system, antipsychotics also target peripheral receptors

(i.e. receptors in pancreas, liver, muscle and adipose tissue) (53). Through convergent
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molecular pathways including signaling of these above-mentioned receptors, central and
peripheral targets may interact to induce synergistic effects in metabolic disturbances induced

by psychotropic drugs (53).

Beside their direct pharmacodynamic activities, psychotropic drugs can also induce other
mechanisms involved in the hypothalamic regulation of appetite. Thus, the transcription of some
hormones involved in energy homeostasis (i.e. either anorexigenic or orexigenic) can be
affected by certain psychotropic drugs. For instance, the expression of melanin-concentrating
hormone (MCH) and its receptors may be up-regulated during antipsychotic treatment, which
may enhance the rewarding aspects of food (69). Additionally, significant changes of mRNA
levels were observed for neuropeptide Y (NPY) and pro-opiomelanocortin (POMC) following
olanzapine treatment (70). A prospective trial reported a significant appetite increase in
schizophrenic patients receiving olanzapine treatment, even in conditions of high leptin levels,
demonstrating the development of leptin resistance (71). Finally, a recent meta-analysis showed
that antipsychotics inducing the most important weight gain (i.e. olanzapine, clozapine) were
associated with the most important increase of blood leptin levels in schizophrenia patients (72).
The mechanisms through which psychotropic drugs influence markers of gene transcription are
far from being fully defined. During the last decade, many studies have determined methylation
changes associated with psychotropic drugs, including atypical antipsychotics (73-75) and mood
stabilizers (76-78). A recent review discussed the possible influence of these drugs on the
modulation of gene expression markers such as epigenetics (DNA methylation and histone
modification), intracellular signaling pathways and post-transcription processes (microRNAS)
(79). These molecular modifications can rescue molecular aberrations observed in patients with
psychiatric diseases (80), but can also be linked to psychotropic drug-metabolic side effects.
Two recent studies have drawn attention to associations between certain methylation sites and
insulin resistance (81, 82). However, prospective studies are lacking and it remains to be
asserted whether methylation modulations are tissue-specific and/or reversible. Many other

possible molecular modifications induced by psychotropic drugs may participate in metabolic
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side effects, in particular modulations in microRNA levels induced by antipsychotics (83), mood
stabilizers (84-86) and some antidepressants (87). Future research placing a greater emphasis
on gene transcription markers will need to be conducted to further disentangle mechanisms

underlying metabolic side effects induced by psychotropic medications.

Metabolic changes associated by psychotropic drugs do not seem to arise only from
mechanisms regulating appetite homeostasis. Thus, some studies found that metabolic side
effects such as lipid parameters and insulin resistance occurred before changes in hunger,
satiety and food intake and were weight-gain independent, suggesting that psychotropic drugs
can exert direct effects on peripheral tissues, independently from mechanisms regulating eating

behavior (51, 55, 88-90).

Lipid levels

Adverse effects on serum lipids induced by psychotropic drugs should be considered as a
possible direct or collateral consequence of these drugs, either through pharmacodynamic
and/or transcription-related mechanisms (25, 47, 91). Although the exact mechanisms are only
partially understood, certain changes of gene transcription levels were recognized. For instance,
biochemical pathways involving sterol-regulatory element-binding proteins (SREBP), the most
important transcriptional regulators of cellular lipid and cholesterol synthesis (92, 93), may be
altered by a variety of antipsychotics (48, 94-97). Some studies suggested that lipid
abnormalities associated with psychotropic drugs arise from increased leptin levels and an
increase in lipid oxidation (98). In addition, the expression of lipoprotein lipase, involved in the
hydrolysis of triglycerides into free fatty acids, was shown to be suppressed during clozapine
treatment in adipocytes, in a dose-dependent manner (99). In agreement with this study, a
case-report demonstrated a rapid increase of lipoprotein lipase levels, coupled with rapid
triglyceride normalization after olanzapine cessation due to severe hypertriglyceridemia (100). A
review on mechanisms underlying psychotropic induced hypertriglyceridemia has drawn

attention to distinct direct and indirect mechanisms (101). Finally, results from animal studies
-13 -



suggest that valproic acid modifies cholesterol metabolism by enhancing hepatic peroxisomal b-
oxidation (102). To date, the precise central and peripheral receptors mediating changes in the
lipid profile are still to be elucidated, and there are many other possible mechanisms to explain

drug induced alteration of the lipid profile.

Glucose levels

Similarly, hyperglycemia and/or diabetes following psychotropic treatment should be
considered as a possible direct or collateral consequence of these drugs. On one hand,
psychotropic-induced diabetes may follow psychotropic-induced weight gain, assuming that high
levels of free fatty acids may blind insulin sensitivity, leading to insulin resistance and increased
glycemia. On the other hand, the mechanisms driving the obesogenic and diabetogenic effects
of psychotropic drugs appear to be partially independent. Thus, many molecular mediators were
proposed to confer the diabetogenic potential of psychotropic drugs, partially or completely
independently of weight gain (53, 103, 104). For instance, antagonism on several receptors in
pancreatic beta-cells such as muscarinic-3-receptor (M3R), 5-HT14aR or 5-HT,cR may directly

damage insulin secretion of these cells (68, 105, 106).

Individual variations in metabolic side effects

There are considerable inter-individual variations in weight gain and other metabolic side
effects associated with psychotropic drugs, regardless of the type of medication (67). For a
given agent, some individuals lose weight, others remain stable and a proportion of patients
gain weight (23). This variability can be explained in part by the combination of certain clinical

and genetic risk factors, described below.

Clinical factors

Factors that influence the risk of psychotropic-drug induced metabolic abnormalities include

personal factors, illness characteristics and treatment-related factors. For instance, patients
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whose baseline body mass index (BMI) is low (<25 kg/m?) and who are young have a high
susceptibility to gain weight and develop other metabolic disturbances during psychotropic
treatment (46). In addition, some studies, albeit controversial, suggested that women have a
greater vulnerability to psychotropic drug-induced weight gain than men (91, 107). In addition,
drug naive and/or first-episode psychotic patients are more prone to gain substantial weight
following psychotropic treatment, compared to patients with a long treatment history (23, 108).
Finally, patients who gained more than 5% of their initial weight during the first month of
treatment are at higher risk to gain substantial weight during psychotropic treatment (109),

underlining the importance of metabolic monitoring during treatment with psychotropic drugs.

Genetic factors

Genetic variability can contribute to inherited differences in drug effectiveness and
tolerability. With the rapid emergence of technical innovations in genotyping tools (such as
genome-wide association studies (GWAS)) and competitive genotyping costs, a growing
interest to include pharmacogenetics in clinical settings has emerged in the last two decades.
To date, some polymorphisms across multiple genes involved in pharmacokinetics and
pharmacodynamics of psychotropic drugs have been identified. Although pharmacogenetic
testing in psychiatry is not yet included in standard clinical practice, it seems likely that this tool

will enable an improvement of psychotropic treatment optimization.

Pharmacokinetics and pharmacodynamic genes for drug response

Of note, as the present work did not focus on pharmacogenetics of drug response, this
paragraph is only a short summary of the topic. Even if psychotropic drugs are effective for the
treatment of many psychiatric disorders, therapeutic responses are unfortunately not
satisfactory for many patients (110). Thus, patients differ substantially in their ability to absorb,
distribute, metabolize and excrete drugs, in part due to genetic differences in pharmacokinetic
genes, i.e. in enzymes responsible for drug metabolism (e.g. CYP2D6). Besides, even though

pharmacodynamic genes are less represented for preventing drug response than to predict
-15-



adverse effects, some genetic variants in DRD2 and COMT were linked with psychotropic drug

responses (111-113).

Pharmacokinetics and pharmacodynamic genes for adverse effects

A better understanding of the variability in drug plasma concentration would be clinically
valuable to prevent adverse effects linked with drug plasma levels. Some variants in
pharmacokinetic genes such as CYP2D6 were related to certain adverse effects, such as EPS
and tardive dyskinesia (114). However, studies are inconclusive on whether metabolic changes
induced by psychotropic drugs are dose- and/or plasma concentration-dependent (115), which
may explain the lack of association between pharmacokinetic genes and metabolic side effects
induced by psychotropic drugs. Although some studies reported associations between weight
gain and dose for clozapine, olanzapine and quetiapine (116-120), most studies did not
corroborate these associations (115, 119, 121-127). Clozapine plasma levels were found to be
positively associated with insulin and hypertriglyceridemia, but not with weight gain (116, 128,
129). To date, the association between metabolic disorders and psychotropic drug plasma
concentration is still insufficient to justify the utility of TDM in clinical practice to prevent
metabolic side effects.

On the other hand, pharmacogenetics of psychotropic-induced metabolic diseases has been
extensively studied through candidate gene approaches focused on pharmacodynamic targets.
A recent review showed that the most replicated genetic variants associated with weight gain
and metabolic syndrome induced by psychotropic drugs were HTR2C -759C/T, LEP -2548G/A,
MC4R rs489693 and one genetic variant near OGFRL1 (130). Additionally, other genes in
receptors (e.g. D,R and H;R), in leptin-melanocortin pathways (e.g. LEPR, NPY), in the
endocannabinoid system (CNRT) or in genes involved in fatty acid and cholesterol production
(insulin-induced gene 2 (INSIG2)) showed an association with psychotropic-induced weight gain
(62). Research conducted in our unit showed associations between other candidate genes

coding for enzymes involved in energy balance, appetite regulation and glucose homeostasis

-16 -



and psychotropic drug-induced weight gain (i.e. genetic variants in 11B-hydroxysteroid
desydrogenase (11BHSD1)(131), CREB-regulated transcriptional coactivator 1 (CRTC17)(132)
and phosphoenolpyruvate carboxykinase 1 (PCK7)(133)). Although mechanisms underlying
psychotropic-induced dyslipidemia are only partially understood, recent studies suggested a role
of the sterol regulatory element-binding protein (SREBP) pathway (48). Thus, olanzapine,
clozapine and risperidone were shown to promote the up-regulation of SREBP leading to
enhanced lipid and cholesterol synthesis in mice (95, 96). Many other genetic susceptibilities
remain to be discovered to further understand the etiology of psychotropic-drug induced

metabolic effects.

Notably, many studies considering combinations of multiple loci yielded significant findings,
while the examination of single markers provided nominal or non significant results with small
effect sizes (134, 135). This puts emphasis on the probable polygenic inheritance of
psychotropic drug-induced metabolic abnormalities, and the need for future studies to give more
consideration to gene interactions and combinations (136). Two recent GWAS meta-analyses
were conducted to reveal associations between abnormal lipid levels and single nucleotide
polymorphisms (SNPs) in the general population (137, 138). Considering that these genetic
variants have shown minor effects on lipid phenotypes, an alternative method of testing
individual SNP effect would be to construct a polygenic risk score (PRS), which allows a better
integration of the global information of these numerous small effects (139). While several PRS
were determined as significant predictors of obesity, diabetes and dyslipidemia in the general
population (140-142), associations between PRS and dyslipidemia among the psychiatric

population have never been established.

Furthermore, GWAS enabled identifying many SNPs associated with obesity located in or
near genes whose role in obesity remains unclear. Part of this lack of understanding may be
due to a focus on the genes in closest proximity to SNPs. However, new evidence suggests that

SNPs may regulate genes that are located far away. For instance, a recent study demonstrated
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that, in the human brain, obesity-associated SNPs in FTO were associated with the expression
of IRX3, a gene located more than a half million base pairs downstream of the index SNP (143).
Many other examples were described (144, 145). Thus, obesity-associated SNPs might act
through long-range interactions and potentially through epigenetic mechanisms. The epigenome
represents the pattern of chemical and structural modifications to DNA that are heritable but
which do not involve changes in the DNA sequence. In particular, DNA methylation is a
reversible and heritable attachment of a methyl group most commonly to the 5-carbon position
of the cytosine residues within CpG dinucleotides of the mammalian genome (146). Epigenetic
mechanisms, encompassing DNA methylation, have the potential to modify gene expression. In
the last decade, some studies have determined methylation changes associated with
psychotropic drugs, including atypical antipsychotics (73-75) and mood stabilizers (76-78). In
addition, many studies reported SNPs associated with changes of DNA methlyation (i.e.
methylome quantitative trait loci, meQTLs) in different tissues, such as in adipose tissue (147,
148) and blood (149-151). Besides, recent evidence has drawn attention to the involvement of
epigenetic mechanisms in the pathogenesis of obesity (152, 153). However, whether
psychotropic-drug induced metabolic abnormalities may result from epigenetic mechanisms has

not yet been addressed.

Management of metabolic effects induced by psychotropic drugs

As argued previously, there is clear evidence that certain psychotropic drugs such as
antipsychotics, mood stabilizers and certain antidepressants are involved in the incidence
and/or pejoration of metabolic comorbidities. In addition, many studies emphasized that the
early months of treatment are a critical period for potential metabolic deterioration (47, 154).
Therefore, regular monitoring for metabolic parameters in patients receiving the above-
mentioned drugs is an important issue. Some programs have proposed monitoring of metabolic
parameters during treatment in patients receiving psychotropic drugs known to induce metabolic

disturbances (i.e. antipsychotics, mood stabilizers and some antidepressants), including close
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monitoring during the first three months of treatment (155, 156). In our department, a clinical
monitoring guideline for patients starting such drugs was established in 2007 (157). This
monitoring helps psychiatrists to identify patients who gained important weight early and to use
preventive approaches, which has the potential to be more effective, acceptable, cost-efficient
and beneficial. Some interventions, such as education for healthy lifestyle including nutritional
counseling, may help patients with schizophrenia to reduce or attenuate psychotropic-induced
weight gain (156, 158). Healthy behavioral education, instruction or intervention should always
be used prior to considering switching to a less weight offending agent or adding comedication
that reduces weight and/or reverses metabolic abnormalities (159-161). The decision to switch
to another antipsychotic should consider the whole psychiatric and physical condition of the
patient as well as the pharmacological profiles of the proposed and current drugs (162). Finally,
certain medications such as metformin can be added to counteract metabolic adverse effects
induced by psychotropic drugs, after a careful consideration of the add-on benefit (155, 156,

163).

The ultimate goal is to adopt a personalized medicine approach in order to prevent
metabolic adverse effects induced by psychotropic drugs. Nowadays, a trial and error approach
is commonly used by physicians to maximize the treatment efficacy and safety. Alternatively, a
personalized approach based on personal, clinical and genetic factors sounds more efficient in
terms of treatment- time- and cost-effectiveness. However, solid evidence regarding the
usefulness of considering personal, environmental and pharmacogenetic testing in the
prescription of psychotropic drugs is still lacking. The global aim of the present thesis was to
improve the current understanding of psychotropic-induced metabolic side effects and to identify

the possible clinical and genetic predictors of these adverse effects.
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AIMS



The overall objective of the present thesis is to improve the current understanding of
psychotropic-induced metabolic side effects and to identify the possible clinical and genetic

predictors of these adverse effects, using different strategies.

Project I: To examine the influence of tagging SNPs of the melanin-concentrating hormone
receptor 2 (MCHRZ2) on BMI during treatment with psychotropic drugs in three independent

psychiatric samples.

Influence of MCHRZ2 and MCHRZ2-AS1 Genetic Polymorphisms on Body Mass Index in
Psychiatric Patients and In Population-Based Subjects with Present or Past Atypical

Depression

Manuscript published in PLOS ONE, 2015

Project Il: To determine whether population-based genetic variants related to BMI are
associated with cardiometabolic phenotypes in patients from two psychiatric samples taking

psychotropic drugs.

Association of variants in SH2B1 and RABEP1 with worsening of low-density lipoprotein and

glucose parameters in patients treated with psychotropic drugs

Manuscript published in Gene, 2017
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Project lll: To investigate whether polygenic risk score combining multiple risk-associated SNPs
from two lipid meta-analyses are associated with dyslipidemia-related traits in patients receiving

psychotropic drugs known to induce worsening of metabolic parameters.

Influence of polygenic risk scores on lipid levels and dyslipidemia in a psychiatric population

receiving weight gain-inducing psychotropic drugs

Manuscript published in Pharmacogenetics and Genomics, 2017

Project IV: To study how plasma lipid changes during first month of treatment can predict mid-
and long-term plasma lipid changes and new onset dyslipidemia (NOD) in patients taking

psychotropic drugs.

Early changes of blood lipid levels during psychotropic drug treatment as predictors of

long-term lipid changes and of new onset dyslipidemia

Manuscript accepted in Journal of Clinical Lipidology, in press
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METHODS



Full methods are described in each corresponding project. All results are based on three

non-interventional clinical studies, described below:

Etude suivi des effets secondaires métaboliques (Study on metabolic follow-up)

According to international recommendations, a metabolic follow-up is ongoing since 2007 in
the Department of Psychiatry at the Lausanne University Hospital, in which inpatients and
outpatients are monitored when starting a pharmacological treatment known to have a potential
risk to induce metabolic disturbances. These treatments include clozapine, olanzapine,
risperidone, quetiapine, aripiprazole, amisulpride, lithium, valproate and/or mirtazapine. Several
regular metabolic check-ups for metabolic parameters (weight, blood pressure, waist
circumference) are recorded at baseline, and at one, two, three, six months and one year
following the introduction of treatment. Blood samples are collected at baseline, and after one,
three and twelve months in order to measure metabolic parameters (i.e. lipid profile, glucose)
and drug plasma concentration. This cohort with metabolic-follow up constitutes the “PsyClin”
study. A subset of patients within PsyClin signed an informed consent to participate in a
pharmacogenetic study (PsyMetab). As of May 2017, a total of 1851 patients have been
included in the routine metabolic follow-up (PsyClin), and among them, 1017 patients gave their

written informed consent to be included in the pharmacogenetic study (PsyMetab).

Etude Ambulatoire (Ambulatory study)

This ongoing study started in 2010. Similarly to PsyMetab, this ongoing cross-sectional
observational study follows outpatients treated with clozapine, olanzapine, risperidone,
quetiapine, aripiprazole, amisulpride, lithium, valproate and/or mirtazapine for more than one
year. Similar regular metabolic check-ups are recorded, once a year. As of May 2017, informed

consents were received from 375 patients.
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Etude poids Geneve (Weight study Geneva)

A cross-sectional observational and retrospective study was performed between June 2006
and May 2008 in two out-patient psychiatric centers at Geneva University Hospital, enrolling
patients between 18 and 65 years old receiving psychotropic drugs for more than three months.
Current weight was measured, and initial weight was either self-reported or extracted from
medical files. Blood samples were collected in order to measure lipid profile and drug
concentration and to perform genetic analyses. 196 patients treated with clozapine (n=28),
olanzapine (n=31), quetiapine (n=35), risperidone (n=42), lithium (n=35) and valproate (n=25)

were included.

Of note, from January 2014, patients treated with first generation antipsychotics and tricyclic
antidepressants were also included in the metabolic follow-up (i.e. in PsyMetab and in
Ambulatory study). In addition, patients treated with newly commercialized molecules such as
lurasidone were included since their commercialization. Further details of the three psychiatric
samples are presented in a previously published paper (164). Noteworthy, since no baseline
lipid trait data were recorded in the Ambulatory study and Weight study Geneva, analyses
conducted to determine the influence of clinical and/or genetic factors on lipid level worsening

were only led in PsyMetab.
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Project I: Influence of MCHR2 and MCHR2-AS1 Genetic Polymorphisms on Body
Mass Index in Psychiatric Patients and In Population-Based Subjects with

Present or Past Atypical Depression
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Abstract

Obesity development during psychotropic treatments represents a major health issue in
psychiatry. Melanin-concentrating hormone receptor 2 (MCHR2) is a central receptor
involved in energy homeostasis. MCHR2 shares its promoter region with MCHR2-AS1, a
long antisense non-coding RNA. The aim of this study was to determine whether tagging
single nucleotide polymorphisms (tSNPs) of MCHR2 and MCHR2-AS1 are associated with
the body mass index (BMI) in the psychiatric and in the general population. The influence of
MCHR2 and MCHR2-AS1 tSNPs on BMI was firstly investigated in a discovery psychiatric
sample (ny = 474). Positive results were tested for replication in two other psychiatric sam-
ples (nz = 164, ng = 178) and in two population-based samples (ColLaus, n, = 5409; GIANT,
ns = 113809). In the discovery sample, TT carriers of rs7754794C>T had 1.08 kg/m? (p =
0.04) lower BMI as compared to C-allele carriers. This observation was replicated in an
independent psychiatric sample (-2.18 kg/m?; p = 0.009). The association of rs7754794C>T
and BMI seemed stronger in subjects younger than 45 years (median of age). In the popula-
tion-based sample, a moderate association was observed (-0.17 kg/m?; p = 0.02) among
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younger individuals (<45y). Interestingly, this association was totally driven by patients
meeting lifetime criteria for atypical depression, i.e. major depressive episodes character-
ized by symptoms such as an increased appetite. Indeed, patients with atypical depression
carrying rs7754794-TT had 1.17 kg/m? (p = 0.04) lower BMI values as compared to C-allele
carriers, the effect being stronger in younger individuals (-2.50 kg/m?; p = 0.03; interaction
between rs7754794 and age: p-value = 0.08). This study provides new insights on the pos-
sible influence of MCHR2 and/or MCHR2-AS1 on obesity in psychiatric patients and on the
pathophysiology of atypical depression.

Introduction

Compared to the general population, patients with chronic severe mental disorders have an
estimated shorter life expectancy of 15 to 25 years due to the psychiatric disorder and/or physi-
cal comorbidities (i.e obesity or other metabolic disorders) but also in the use of psychotropic
treatments|1]. Indeed, many antipsychotics, in particular atypical antipsychotics, and some
mood stabilizers and antidepressants are associated with important weight gain[2]. The vari-
ability of weight gain observed in patients sharing similar clinical risk factors (i.e gender, age
and psychotropic treatment)[3], together with the heritability of weight regulation observed in
twin, adoption and family studies[4] support the key role of genetic factors in the development
of obesity. Moreover, recent changes in Western lifestyle (ubiquitous access of industrial/palat-
able food and poor physical activity) strongly increase the influence of genetic risk factors
towards the development of obesity. However, genome-wide association (GWAS) and candi-
date gene studies have only explained a small variance of the body mass index (BMI)[5]. There-
fore, the identification of new genetic predictors for the development of obesity in psychiatric
patients is not only of great interest for a better understanding of the mechanisms underlying
excessive weight increase, but also for the future personalized prescription of psychotropic
drugs.

The regulation of food intake, a major component in energy balance, is achieved in part by
highly specialized hypothalamic neurons that are able to sense and integrate peripheral feeding
cues. The exact mechanisms by which peripheral cues-related signals interact within the hypo-
thalamus to modulate the response are only partially understood. However, in this highly com-
plex system of regulation, some specific pathways have been characterized(6, 7). The
melanocortin pathway, in the arcuate nucleus of the hypothalamus, is a major axis through
which peripheral peptides and hormones converge and act to modulate the energy balance.
Recent studies have enlightened the involvement of the melanin-concentrating hormone
receptor 2 (MCHR?2) in the transduction of central orexigenic signals. More specifically, mela-
nin-concentrating hormone (MCH), the agonist of MCHR2, has been shown to be a critical
hypothalamic regulator involved in energy homeostasis in mammals(8, 9]. Mice lacking MCH
gene have been observed to be lean, having decreased feeding behavior and increased energy
expenditure[10]. Even though MCHR2 is not expressed in rodents, a recent study showed that
induction of MCHR2 expression in mice protected against diet-induced obesity[11]. In
humans, MCH was shown to be expressed in neurons of the lateral hypothalamus, an area that
coincides with MCH receptors sites of expression[9]. Moreover, in a French general popula-
tion, a linkage with childhood obesity was identified on chromosome 6q16.3-q24.2[12] and
two single nucleotide polymorphisms (SNPs) within MCHR2 were further associated with
childhood obesity[13]. Of note, some atypical antipsychotics have been reported to affect
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neuropeptide hormone levels involved in energy homeostasis| 14-16]. Specifically, the expres-
sion of MCH as well as its receptors may be upregulated during antipsychotic treatments,
which may enhance rewarding aspects of food[17]. Moreover, the first genome scan targeting
obesity as a side effect of antipsychotics has observed an implication of the pro-melanin-con-
centrating hormone (PMCH), the precursor of MCH[18].

Interestingly, during the preparation of the present study, gene region analyses revealed that
the MCHR2 SNP associated with BMI in a Caucasian population-based sample (i.e MCHR2/
MCHR2-AS1 rs6925272)[13], lies not only in the promoter of MCHR2 but also in the promoter
of another gene transcribed in an antisense way, MCHR2-AS1 (MCHR2-antisense RNA).
MCHR2-AS1 is a RNA gene affiliated to the long non-coding RNA (IncRNA) class. Although
this class of genes is still poorly understood, recent studies have linked some IncRNAs with the
development of different diseases[19-21].

Because of the high prevalence of obesity, of metabolic abnormalities and of mortality rate
within the psychiatric population, the probable involvement of MCHR2 in the phenotype of
obesity and the absence of studies examining the possible influence of genetic polymorphisms
of MCHR2 on BMI in psychiatric patients, we examined associations between tagging SNPs of
MCHR2 and of MCHR2-AS1 with BMI in three independent psychiatric samples treated with
psychotropic drugs that were likely to induce weight (i.e clozapine, olanzapine, quetiapine, ris-
peridone, lithium, valproate, mirtazapine, aripiprazole and/or amisulpride). In order to further
investigate whether these above-mentioned associations are valid in the general population as
well or are only specific to psychiatry, we then attempted to replicate the results in two popula-
tion-based samples, one of which had subjects with psychiatric evaluations.

Results

Demographic and clinical characteristics of three psychiatric Caucasian populations are pre-
sented in S1 Table. In the discovery sample, the prevalence of obesity at the end of the follow-
up was lower (17%) than in both replication samples (39% and 28%), which could in part be
explained by the longer treatment duration in the latter samples. The median age of patients in
the discovery sample was higher (50 years) than in both replication samples (43 and 42 years),
the former sample containing geriatric patients, which is not the case for both replication sam-
ples. In each of these three independent psychiatric samples, almost half of patients gained
more than 5% of initial weight during the current psychotropic treatment (41%, 56% and
51%), with a median duration of treatment of 6, 27 and 35 months, respectively.

MCHR2 and MCHR2-AS1 tagging SNPs are presented in S2 Table. rs9403322 and
54559096 deviated from Hardy-Weinberg equilibrium in the discovery sample (p-
values<0.05). These two SNPs were therefore not further analyzed. Therefore, a total of twelve
SNPs were analyzed in this study. Minor allele frequencies (MAF) in our combined sample
were comparable to those reported in HapMap (Caucasians).

Associations between MCHR2 and MCHR2-AS1 Tagging
Polymorphisms and BMI in the Psychiatric Sample

In the discovery sample, three tagging SNPs of MCHR2 (i.e. MCHR2 rs4840109, MCHR2
152001456 and MCHR2 rs7754794) were significantly associated with BMI, with carriers of the
G allele (for rs4840109), G allele (for rs2001456) and TT genotype (for rs7754794) having
lower BMI values as compared to others, respectively (more details in S3 Table). Multiple com-
parison tests in the discovery sample using the false discovery rate method correcting for 12
independent tests revealed p-corrected-values of 0.04 for each of these three SNPs. The remain-
ing MCHR2 and MCHR2-AS]I tagging SNPs were not associated with BMI. MCHR2
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rs4840109, MCHR2 rs2001456 and MCHR2 rs7754794 were tested for replication in replica-
tion samples 1 and 2. P-values of replication analyses were corrected for 3 independent tests
using false discovery rate correction. Both rs4840109 and rs2001456 were not replicated and
were therefore not considered for further analyses. rs7754794 was significantly associated with
BMI in the replication sample 1, for which carriers of TT genotype had 2.18 kg/m? lower BMI
as compared to C-allele carriers (Pcorrectea = 0.009). A significant association was also observed
within the combined sample, with TT carriers having 0.84 kg/m” lower BMI as compared to
others (Peorrected = 0.02; Table 1). Fig 1 presents the evolution of BMI during psychotropic
treatment in patients of the combined sample according to rs7754794 genotype. In carriers
with the TT genotype, the BMI remained stable over time, whereas the BMI of CC or CT carri-
ers increased along the treatment duration. The difference across genotypes reached the thresh-
old of significance after six months of treatment.

Associations between MCHR2 rs7754794C>T and BMI in Age-Stratified
Subgroups of the Combined Sample

The influence of rs7754794 polymorphism on BMI was assessed in age-stratified psychiatric
subgroups of the combined sample (interaction between rs7754794 and age: p-value = 0.08).
Only patients younger than 45 years (the median of age in the psychiatric sample) appeared to
be concerned with this genetic effect on BMI, with carriers of TT genotype having 1.59 kg/m*
lower BMI as compared to others (p = 0.003) (Table 2). Of note, in the discovery sample,
1s7754794-TT carriers younger than 45 years had significantly lower waist circumference
(WC) as compared to others (-4.34 cm; p = 0.02; S4 Table).

MCHR2 and MCHR2-AS1 Tagging SNPs Haplotype Analysis

Four haplotype blocks were observed (S1 Fig). Combinations formed from the first three hap-
lotype blocks did not show any significant association with BMI in the combined psychiatric
sample (data not shown). Regarding the block 4 (within MCHR2-ASI), by combining SNPs
rs11155243, rs9484646 and rs12214805, four different combinations were formed. Wild-type
carriers for these three SNPs (i.e. GGC, frequency of this combination: 0.5) had 2.02 lower unit
BMI as compared to others (p = 0.04). Age-stratified analyses could not be conducted due to
an insufficient number of observations.

Replication of MCHR2 rs7754794C>T Association with BMI in
Population-Based Samples

The association of MCHR2 rs7754794 with BMI was further investigated for replication in two
population-based samples (CoLaus and GIANT) using rs7749425, a proxy of rs7754794 (r* =
0.97). The rs7754794 association with BMI was not replicated in these samples (Table 3). How-
ever, in CoLaus, age-stratified analyses revealed that individuals younger than 45 years and car-
rying rs7754794-TT had a significantly lower BMI and WC than others. Of note, in order to
avoid bias, the same threshold (i.e. 45 years old) was used both in psychiatric and in popula-
tion-based samples. Age-stratified data were not available in GIANT.

In PsyCoLaus, the subset of CoLaus with psychiatric evaluations, stratifications according
to depression subtypes revealed some differences between atypical and non-atypical subgroups.
Women were more prevalent among those with atypical depression (74%) than among the
other depressives (63%; S5 Table). As expected, in the former subgroup, the proportion of sub-
jects with increased appetite, which is one of the 5 diagnostic criteria for this depression sub-
type, was much higher (41%) than in the latter subgroup (5%). Moreover, subjects with
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Table 1. Association of MCHR2 rs7754794C>T with BMI in three independent Caucasian psychiatric samples.

MCHR2 Discovery sample n = 441 Replication sample 1 n = 153 Replication sample 2 Combined sample n = 736
rs7754794C>T n=142
B (95% CI) p- Ex. B (95% CI) p- Ex. B (95% CI) p- Ex. B (95% CI) p- Ex.
(kg/m?) value  var (kg/m?) value  var (kg/m*)  value  var (kg/m?) value  var
(%) (%) (%) (%)
CC/ICT ref ref ref ref

TT -1.08 0.04 0.46 -2.18 0.009 2.78 0.79 0.42 -0.84 0.02 0.28

(-2.11-() (-3.87—(-) (-0.81— (-1.52—-)

0.35) 1.01) 3.01) 0.32)

Results were obtained by fitting Generalized Additive Mixed Models for patients, controlling for age, sex, smoking status, current psychotropic drug and
comedications possibly causing weight-gain. : estimate. p-value: corrected for multiple tests.Ex. var (%): explained variance by the polymorphism, only
calculated for significant results. ref: reference.

doi:10.1371/journal.pone.0139155.1001
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Fig 1. BMI evolution during psychotropic treatment according to protective or risk MCHR2 rs7754794C>T genotype. Caucasian patients carrying
protective (TT) or risk (CC or CT) rs7754794C>T variant. Median, interquartiles and number of observations for each box are indicated.

doi:10.1371/journal pone.0139155.9001
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Table 2. Age-stratified analysis for MCHR2 rs7754794C>T association with BMI.

MCHR2 rs7754794C>T Combined sample
n B (95% Cl) (kg/m?) p-value Ex. var (%)

Age<45 374
CC/CT ref

TT -1.59 (-2.65—(-)0.46) 0.003 1.11
Age>45 366
CC/CT ref

T -0.23 (-1.09-0.75) 0.35

Results were obtained by fitting Generalized Additive Mixed Models for patients, controlling for age
(whenever appropriate), sex (whenever appropriate), smoking status, current psychotropic drug and
comedications possibly causing weight-gain. B: estimate. Ex. var (%): explained variance by the
polymorphism, only calculated for significant results. ref: reference.

doi:10.1371/journal.pone.0139155.1002

atypical depression were more frequently in a current episode at the moment of the evaluation
than the other subjects with a major depressive disorder (28% versus 13%), which is likely to
explain the higher proportion of antidepressant use (23% versus 13%, respectively). In the Psy-
CoLaus sample, there was no association between rs7754794 and BMI (Table 4). However,
there was an interaction (p = 0.04) between the rs7754794-TT genotype and a lifetime major
depressive episode with DSM-IV atypical depression regarding the BMI. Indeed, among sub-
jects with atypical depression features, those carrying rs7754794-TT had a significantly lower
BMI (-1.17 kg/mz) as compared to C-allele carriers (p = 0.04), whereas the BMI of individuals
with no history of an atypical depression was not influenced by this genetic polymorphism.
Age-stratified analyses revealed that this association was also observed in individuals younger
than 45 years with atypical depression (-2.50 kg/mz; p = 0.03). Of note, no significant associa-
tion was found between rs7754794 and BMI in subjects without lifetime major depressive epi-
sode (data not shown). Finally, no difference of rs7754794 frequency was observed between
subgroups of diagnosis of PsyCoLaus (56 Table). Subgroups of diagnosis were not available in
the combined sample.

Discussion

The present results suggest a contribution of MCHR2 and/or MCHR2-AS1 in the regulation of
human body weight, which is consistent with the proposed role of MCH and MCHR?2 pathway
in the literature[9] and with the only other genetic study on MCHR2 which reported an associ-
ation of MCHR2 genetic polymorphism with obesity in the general population[13]. To our
knowledge, this is the first study performed in psychiatric subjects, i.e. a population with a high
prevalence of obesity or overweight phenotypes. Specifically, this study showed a significant
association of MCHR2/MCHR2-AS1 genetic polymorphisms with BMI in the psychiatric popu-
lation as well as in a psychiatric subgroup of a population-based sample. Moreover, a haplotype
combination of three MCHR2-AS1 tagging SNPs was also significantly associated with BMI in
the psychiatric population.

Interestingly, the association of MCHR2 rs7754794 with BMI was only observed in patients
younger than 45 years old. Because a first treatment exposure has been previously described as
an important risk factor for important weight gain[22], it could be hypothesized that age
would be a proxy of first-treatment exposure in younger patients. However, most of the young
patients had already received previous psychiatric drug treatment before inclusion and there
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Table 3. Replication analyses in Caucasian population-based samples.

rs7749425C>T (proxy of ALL SUBJECTS <45 years subjects
rs7754794C>T)
BMI wc BMI wc
n B (kg/ p- n  B(em) p- n B (kg/ P n B
m?) value value m?) value (cm)  value
GIANT 113809 ref
0.0032 0.47 NA NA NA
Colaus 5409 ref 5409 ref 1463 ref 1463  ref
-0.0492 0.22 -0.0381 0.34 -0.17 0.02 -0.15  0.04

Results were obtained by using robust regression, adjusted for age and sex. BMI: body mass index; WC: waist circumference. ref: reference (i.e carriers
of the C allele at rs7749425 locus). B: estimate. NA: non applicable.

doi:10.1371/journal pone.0139155.1003

was no association between MCHR2 rs7754794 and BMI in a subgroup of the discovery sample
with a newly diagnosed psychiatric disorder (see Supporting information for further details).
Therefore, MCHR2 rs7754794 seems to be associated with BMI in younger patients indepen-
dently of the psychotropic treatment exposure status. MCHR2 has been described as one of the
components acting in the hypothalamic regulation of food intake[23, 24], a system of regula-
tion involved early in the development of obesity. Additionally, age has been found to affect
appetite regulation with elderly individuals having a less efficient hypothalamic regulation of
food intake[25, 26]. These elements may suggest that genetic risk factors involved in the regula-
tion of food intake in young individuals may be more important than in the elderly. Interest-
ingly, replication analyses in the population-based sample (CoLaus) was in accordance with
this hypothesis, where the association between MCHR2 genetic polymorphism and BMI was
only significant in younger individuals. Moreover, the only reported study that associated
MCHR2 with obesity also observed an age-dependent genetic susceptibility in obesity, with the
younger being more concerned|13]. The association between MCHR2/MCHR2-AS1 with BMI
found in the discovery sample was confirmed in replication sample 1 but not in replication

Table 4. Replication analyses in PsyColLaus, the subset of CoLaus with psychiatric evaluations.

rs7749425C>T (proxy of ALL SUBJECTS <45 years subjects
rs7754794C>T)
BMI wcC BMI wc
n o Blkg p- n B p n Bky p- n B p-
m? value (cm)  value m?) value (cm)  value
PsyColLaus: 3938 ref 3938 ref 907 ref 907  ref
All subjects -0.15 0.42 -0.58 0.26 -0.28 0.38 -1.33 0.13
PsyColaus: 1580 ref 1580  ref 404 ref 404 ref
Depression -0.21 0.46 -0.52 05 -0.35 0.45 -1.73 0.16
PsyColLaus: 1127 ref 1127 ref 278 ref 278 ref
Non-atypical depression 0.18 0.56 017 0.85 0.37 0.44 -0.36 0.79
PsyColLaus: 453 ref 453 ref 126 ref 126 ref
Atypical depression -1.17 0.04* 0.12 2.5 0.03* -5.59 0.05

Results were obtained by using robust regression, adjusted for age and sex. BMI: body mass index; WC: waist circumference. ref: reference (i.e carriers
of the C allele at rs7749425 locus). B: estimate.
*Interaction between atypical depression and rs7749425 significant (p = 0.04).

doi;10.1371/journal pone 01391551004
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sample 2. In the latter sample, the positive association between rs7754794 and BMI in patients
older than 45 years may have hampered replication when considering the whole replication
sample 2 (see Supporting information for further details). Additionally, the longer treatment
duration in replication sample 2 (median of 35 months) as compared to the two other samples
(6 and 27 months, respectively) may have also contributed to the observed differences.

Interestingly, within the PsyColaus replication sample, MDD (major depressive disorder)
subtypes stratification revealed that individuals with present or past depression with atypical
features were concerned with the protective effect of rs7754794 on BMI, whereas other individ-
uals (i.e those without depression or those with depression with non-atypical features) were
not. Atypical depression has been characterized by an improved mood in response to positive
events, featuring some symptoms such as an increased appetite, weight gain and hypersomnia

27]. In PsyCoLaus, the atypical subtype of MDD has been described as a strong predictor of
obesity[28]. Of note, several common biological states linking obesity and depression have
been determined, such as the dysregulation of the hypothalamic-pituitary-adrenocortical axis
[29, 30]. Moreover, the MCH pathway has been involved in both body weight and mood status
regulation in rats[31]. In the present study, no difference of rs7754794 frequency was observed
in the atypical depression subgroup of PsyCoLaus, as compared to others (data not shown),
suggesting that MCHR2/MCHR2-AS]1 variant is not a risk factor for atypical depression but
rather for BMI increase during atypical depression. BMI increase in patients with atypical
depression may result from several factors, including illness symptoms, such as an increased
appetite and/or a sleeping dysregulation. Interestingly, MCH has been associated with the regu-
lation of both atypical depression features in humans[32, 33]. Exploratory association analyses
of MCHR2 rs7754794 with appetite conducted in the discovery sample and in the atypical
depression subgroup revealed no significant association (see Supporting information for fur-
ther details). It would be interesting to investigate in the future whether this genetic variant is
associated with sleep regulation. Of note, MCHR2 rs7754794 effect on BMI was higher in the
psychiatric population than in replication population-based samples. In addition, positive
results found in the general population appear to be totally driven by the subgroup of subjects
with present or past atypical depression. It can however not be excluded that MCHR2
17754794 does contribute to BMI regulation in other populations, including non psychiatric
individuals as well.

Interestingly, MCHR2 rs7754794 is not only a tagging SNP of MCHR2, but is also a proxy of
156925272 (r* = 0.97), a MCHR2-ASI tagging SNP lying in the promoter region of both
MCHR2 and MCHR2-AS1. Therefore, our results could be directly linked with a differential
MCHR2 and/or MCHR2-AS1 genotype-dependent expression. Analyses of MCHR2 and
MCHR2-AS]1 expression have been conducted in peripheral blood mononuclear cells in a sub-
set of the discovery sample. Unfortunately, these two genes were not expressed in these cells
(data not shown). Even when focusing on patients receiving olanzapine, a medication having
been described as a potent inducer of MCH receptor[17], no expression of these two genes
could be detected in peripheral cells (data not shown). Further expression analyses of MCHR2
and MCHR2-AS1 within their functional tissue are of particular interest and will help to under-
stand their implication in the development of obesity. Regarding the possible biological func-
tion of long antisense non-coding genes, a recent study observed an epigenetic-conducted
transcription of a gene (i.e APOA; apolipoprotein A1) by a IncRNA in its antisense direction
(APOA1-AS1)[34). However, further studies are needed to better characterize the role of long
noncoding antisense RNAs in the pathophysiology of obesity.

Several limitations of this study need to be acknowledged. Firstly, this study was restricted
to Caucasian patients and results cannot be extrapolated to other ethnicities. Secondly, we
could not link any MCHR2 and/or MCHR2-AS1 tagging-variants with their expression to
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functionally validate our hypotheses. Thirdly, we were not able to determine whether the poly-
morphism associated with BMI lies in MCHR2, MCHR2-AS1 or in the promoter region of both
genes. On the other hand, the fact that the results were replicated in one independent sample
and in a psychiatric subgroup of a population-based sample, the latter used as a proof of con-
cept of the polymorphism effect, strengthens the validity of our data.

In conclusion, this is the first genetic study linking MCHR2 and/or MCHR2-AS]1 tagging
polymorphisms and BMI in psychiatric patients under psychotropic treatments. The present
results are in agreement and expand those from the lone study preformed until now, showing a
significant association between MCHR2 and BMI in the general population[13]. Moreover, the
significant interaction found between MCHR2/MCHR2-AS1 and BMI in population-based
subjects with present and/or previous history of atypical depression but not non-atypical
depression provides new clues to the pathophysiology of atypical depression.

Materials and Methods
Psychiatric Samples

Discovery sample (Lausanne follow-up prospective psychiatric study). Since 2007, a
prospective cohort study is ongoing in the Psychiatric University Hospital of Lausanne includ-
ing 474 Caucasian patients with newly prescribed psychotropic drugs (see Supporting Informa-
tion). Clinical variables and body weight were prospectively recorded at several time points
during the first 12 months of treatment, according to published recommended monitoring
guidelines (i.e before starting the psychotropic treatment and at months 1,2,3,6 and 12)[35].

Replication sample 1 (Geneva retrospective psychiatric study). From 2006 to 2008, a
study was conducted in out-patient psychiatric centers of Geneva University Hospital. 163
Caucasian patients treated for more than 3 months with psychotropic drugs were included (see
Supporting Information).

Replication sample 2 Lausanne retrospective study). From 2010 to 2011, a study was
conducted in two out-patient psychiatric centers of Lausanne (Lausanne University Hospital
and a private psychiatric center). 178 Caucasian patients treated with psychotropic drugs were
recruited (see Supporting Information).

In the three samples, demographic data, history of treatment and comedications were
obtained from medical files. At inclusion, body weight and height were measured with partici-
pants standing without shoes in light clothes. Body weight was measured in kilograms to the
nearest kg. Height was measured to the nearest cm using a height gauge. Body mass index
(BMI) was defined as wcighl/height2 (kg/mz). BMI values between 25-30 kg/m2 and equal or
higher than 30 kg/m” were used to define overweight and obese patients, respectively. Psychiat-
ric diagnoses were established by physicians according to the ICD-10 classification. Most
patients had already received other psychotropic treatments before the current treatment. For
patients in replication samples 1 and 2, clinical variables, body weight and height were mea-
sured during the interview, while their previous weight data (i.e. weight before the beginning of
the current treatment and/or weight at different times during the current treatment) were
either collected from medical files or self-reported. Full description of these samples was pub-
lished elsewhere[36]. Written informed consents were obtained from patients or their legal
representatives for the three psychiatric cohorts and these studies were approved by the Ethics
Committee of Geneva and Lausanne University Hospitals.

Population-Based Samples

Results were replicated in two population-based samples: CoLaus/PsyCoLaus, n = 5 409 [37,
38] and Genetic Investigation of ANtropometric Traits (GIANT, n = 123 865)(5].
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CoLaus/PsyCoLaus. Participants aged from 35 to 75 years were recruited between June
2003 and May 2006, as previously described for CoLaus[37]. The assessment included cardio-
vascular risk factors such as body mass index (BMI), fat mass, waist circumference (WC),
blood pressure, blood glucose, triglycerides and high density lipoprotein cholesterol. In addi-
tion, all Caucasians (91% of the sample) underwent a genetic exam (GWAS; n = 5409). All par-
ticipants of CoLaus in the age range of 35 to 66 years were also asked to participate in a
psychiatric evaluation (PsyCoLaus) based essentially on a semi-structured diagnostic interview
[38]. In PsyCoLaus, we could subtype depressive individuals by atypical features according to
the DSM-IV. Combined genetic and psychiatric data were available for 3938 participants. Gen-
otyping for the CoLaus/PsyCoLaus subjects was performed using the Affymetrix GeneChipR
Human Mapping 500K array set. Demographic and clinical characteristics of PsyCoLaus are
shown in results.

Genetic Investigation of ANtropometric Traits (GIANT) consortium. The GIANT con-
sortium performed a meta-analysis of GWAS data with a discovery set of 123 865 individuals
of European ancestry from 46 studies for height [39], BMI [5] and waist-to hip ratio [40].

Genotyping and Candidate Gene Polymorphisms

6925272 was first selected based on a previous study|[13] and genotyped using Tagman allelic
discrimination assay (ABI PRISM 7000 Sequence Detection System; Applied Biosystems, Rotk-
reuz, Switzerland). Tagging SNPs within MCHR2 and MCHR2-AS1 where then selected using
HapMap Genome Browser (release #28, NCBI build 36, dbSNP b126). Ten tagging polymor-
phisms within MCHR?2 and twelve within MHCR2-AS1 were obtained by limiting the search to
SNPs with a minor allele frequency >5% in the Caucasian population and +* cutoff of 0.8.
MCHR2 tagging SNPs were customized and added to the Illumina 200K cardiometabochip
[41], whereas four among twelve MCHR2-AS] tagging SNPs were added to the cardiometabo-
chip. Due to technical issues, proxies of SNPs were chosen in some cases (57 Table). A good
concordance was observed between genotypes obtained using Tagman and those obtained in
the Cardiometabochip.

Statistical Analysis

Associations between tagging SNPs of MCHR2 and of MCHR2-AS1 and BMI were first tested
in the discovery sample. Only SNPs significantly associated with BMI were tested for replica-
tion in the two replication psychiatric samples and the population based samples. For the
assessment of association between BMI and tagging SNPs in psychiatric samples, a generalized
additive mixed model (GAMM) was fitted, adjusting for age, gender, smoking status, current
psychotropic drug and comedications potentially inducing weight gain (S8 Table), allowing a
smooth trend for the response in time based on multiple observations for each patient.
GAMM s were fitted using the mgev package of R, in which parameter uncertainties (confi-
dence intervals and p-values) were computed using 1000 bootstrap replicates with replacement,
performed on patient level. Replication analyses in population-based samples were conducted
using robust regression adjusted for age and sex. P-values of these two-sided models < 0.05
were considered as statistically significant. All the analyses were performed using Stata 12 (Sta-
taCorp, College Station TX, USA) and R version 2.13.0 software. Haploview 4.2 [42] was used
to define haplotype blocks and linkage disequilibrium (LD) between different MCHR2 or
MCHR2-AS1 SNPs (D’ and r*). The haplo.stat package of R was used for haplotype analysis. P-
values were defined using asymptotic chi-squared tests of haplo scores.
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S1 Fig. MCHR2 and MCHR2-AS1 SNPs haplotype blocks

Coefficients of correlation (r) between SNPs are indicated.
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S1 Table. Characteristics of psychiatric Caucasian samples: discovery, replication and combined

samples
Replication Replication Combined
Characteristics Discovery sample sample 1 sample 2 sample
n=474 n=164 n=178 n=816
Male (%) 205 (43.2) 85 (51.8) 106 (59.5) 396 (48.5)
Age, median (range) years 50 (12-97) 42.6 (19.5-64) | 42.3 (18.7-69.1) 45.5 (12-97)
BMI
Initial BMI, median (range), kg/m*" 23.5(13.3-44.5) | 25.2 (15.4-45.5) | 24 (15.5-46.2) | 23.9 (13.3-46.2)
Initial BMI 25-30 kg/m? (%) 100 (21.1) 50 (30.6) 42 (23.6) 192 (23.5)
Initial BMI =30 kg/m? (%) ' 69 (14.5) 21(12.8) 26 (14.6) 116 (14.2)
Current BMI, median (range), kg/m?? 24.2 (15.2-50.2) | 28.1 (16.2-42.3) | 26.3 (16.7-58.4) |25.4 (15.2 - 58.4)
Current BMI 25-30 kg/m? (%) 2 109 (23) 48 (29.4) 57 (32) 214 (26.2)
Current BMI 230 kg/m? (%) 2 81 (17.1) 64 (39.2) 49 (27.5) 194 (23.7)
Medication, n(%)
Amisulpride 38 (8) 0 (0) 17 (9.6) 55 (6.7)
Aripiprazole 39 (8.2 0 (0) 12 (6.7) 51 (6.3)
Clozapine 34 (7.2) 24 (14.6) 18 (10.1) 76 (9.3)
Lithium 35 (7.4) 34 (20.7) 19 (10.7) 88 (10.8)
Mirtazapine 24 (5.1) 0 (0) 1(0.5) 25 (3)
Olanzapine 49 (10.3) 23 (14) 24 (13.5) 96 (11.8)
Paliperidone 1(0.2) 0 (0) 1 (0.5) 2(0.2)
Quetiapine 156 (32.9) 31 (18.9) 40 (22.6) 227 (27.8)
Risperidone 74 (15.6) 29 (17.8) 34 (19.1) 137 (16.9)
Valproate 24 (5.1) 23 (14) 12 (6.7) 59 (7.2)
Main diagnosis, n(%)
Organic disorders 18 (3.8) 0 (0) 0 (0) 18 (2.2)
Psychotic disorders 138 (29.1) 37 (22.5) 68 (38.2) 243 (29.7)
Schizo-affective disorders 32 (6.7) 25 (15.2) 23 (12.9) 80 (9.8)
Bipolar disorders 85 (17.9) 50 (30.5) 28 (15.7) 163 (19.9)
Depression 87 (18.3) 23 (14.1) 25 (14.1) 135 (16.5)
Others® 114 (24.1) 29 (17.7) 34 (19.1) 177 (21.7)
Smoker (%) 181 (38.2) 96 (58.9) 111 (62.3) 406 (49.7)
Treatment duration, median (range)
months 6 (1-12) 27.2 (3-333) 34.8 (1-385) 12 (1-385)
Weight-gain inducing comedications (%) * 137 (28.9) 104 (63.8) 73 (41) 318 (38.9)
Important weight-gain inducing treatment
(%)° 104 (21.9) 70 (42.7) 55 (30.9) 229 (28.1)
Appetite increase (%)° 80 (32.9) 70 (46.7) 75 (44.1) 225 (27.5)
Important weight gain (%)’ 196 (41.3) 93 (56.7) 91 (51.1) 380 (46.5)
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"Initial BMI represents BMI before the current psychotropic treatment.

2Current BMI represents BMI value during the last interview (x months after the beggining of the current psychotropic treatment).
*Others include addiction, anxiety, personality disorder and mental retardation.

4Weight-gain inducing comedications: see S8 Table for further details.

5Important weight gain inducing treatment: includes patients taking either clozapine, olanzapine or valproate as main treatment.
6Appeme increase: includes patients incuring an appetite increase between initial and current month.

7Important weight gain: defined as an increase of = 5% between current weight and initial weight before current psychotropic treatment
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S2 Table. Genotype frequencies of MCHR2 and MCHR2-AS1 SNPs in three Caucasian psychiatric

samples.
MAF
Psychiatric sample | Position | T°t2! n (%) HWE | MAF ;22
’ CEU
MCHR2 rs6913266 C>A 99943715 AA CA cC
Discovery sample 474 4 (0.8) 96 (20.3) | 374(78.9) | 0.4
Replication sample 1 164 2(1.2) 24 (14.6) | 138 (84.2) | 0.46
Replication sample 2 177 7 (3.9) 35(19.8) | 135 (76.3) | 0.04
Combined sample 815 13 (1.6) 155 (19) | 647 (79.4) | 0.31 | 0.11 | 0.14
MCHR2 rs13195863 C>A 99945885 AA CA CcC
Discovery sample 474 | 21(4.4) 15(32.7) | 298 (62.9) | 0.88
Replication sample 1 164 7 (4.3) 60 (36.6) | 97 (59.1) | 0.54
Replication sample 2 177 8 (4.5) 59 (33.3) | 110 (62.2) | 0.98
Combined sample 815 | 36(4.4) | 274(33.6) | 505 (62.0) | 0.88 | 0.21 | 0.24
MCHR2 rs4840106 G>A 99955638 AA GA GG
Discovery sample 474 38 (8) 201 (42.4) | 235 (49.6) | 0.69
Replication sample 1 164 15 (9.2) 77 (46.9) 72 (43.9) | 0.38
Replication sample 2 177 16 (9) 68 (38.4) 93 (52.6) | 0.49
Combined sample 815 | 69(8.5) | 346 (42.4) | 400 (49.1) | 0.63 | 029 | 0.3
MCHR2 rs4840109 G>A 99981465 AA GA GG
Discovery sample 474 | 91(19.2) | 217 (45.8) | 166 (35) | 0.19
Replication sample 1 164 | 29(17.7) | 81(49.4) | 54(32.9) | 0.88
Replication sample 2 177 | 36(20.4) | 82(46.3) | 59(33.3) | 0.44
Combined sample 815 | 156 (19.2) | 380 (46.6) | 279 (24.2) | 0.19 | 0.42 | 0.43
MCHR2 rs12203515 C>A 99982186 AA CA CcC
Discovery sample 474 19 (4) 176 (37.2) | 279 (58.8) | 0.17
Replication sample 1 164 9 (5.5) 51(31.1) | 104 (63.4) | 0.42
Replication sample 2 177 8 (4.5) 55(31.1) [ 114 (64.4) | 0.68
Combined sample 815 36 (4.4) | 282 (34.6) | 497 (61.0) | 0.61 | 0.21 | 0.21
MCHR2 rs7754794 C>T 99984779 cC CT TT
Discovery sample 474 196 (41.3) | 215(45.3) | 63(13.3) | 0.74
Replication sample 1 164 | 66(40.2) | 73(44.5) | 25(15.2) | 0.52
Replication sample 2 178 | 75(42.1) | 82(46.1) | 21(11.8) | 0.84
Combined sample 816 | 337 (41.3) | 370 (45.3) | 109 (13.4) | 0.64 | 0.36 | 0.37
MCHR2 rs2001456 G>A 99991133 AA GA GG
Discovery sample 474 | 31(6.6) | 185(39.0) | 258 (54.4) | 0.78
Replication sample 1 164 6 (3.7) 62 (37.8) | 96(58.5) | 0.29
Replication sample 2 177 15 (8.5) 63 (35.6) | 99(55.9) | 0.28
Combined sample 815 | 52(6.4) | 310(38.0) | 453 (55.6) | 0.92 | 0.25 | 0.22
MCHR2 rs11155195 A>G 99992082 AA AG GG
Discovery sample 474 | 178 (37.4) | 236 (49.8) | 60 (12.6) | 0.18
Replication sample 1 164 64 (39) 76 (46.4) | 24 (14.6) | 0.85
Replication sample 2 177 | 70(39.5) | 83(46.9) | 24(13.6) | 0.94
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Combined sample 815 | 312(38.3) | 395 (48.5) | 108 (13.2) | 0.33 | 0.37 | 0.37
MCHR2-AS1rs11967658 G>A | 100023410 GG GA AA
Discovery sample 474 | 373 (78.7) 96 (20.2) 5(1.1) 0.67
Replication sample 1 164 | 137 (83.5) | 27 (16.5) 0 (0) 0.25
Replication sample 2 178 | 149 (83.7) 26 (14.6) 3(1.7) 0.15
Combined sample 816 | 659 (80.7) | 149 (18.3) 8 (1) 09 | 01 | 012
MCHR2-AS1 rs11155243G>A | 100066556 GG GA AA
Discovery sample 474 | 331(69.8) | 131 (27.7) | 12(25) | 0.82
Replication sample 1 164 | 120 (73.2) | 43(26.2) 1(0.6) 0.17
Replication sample 2 177 | 129 (72.9) | 44 (24.9) 4(22) |091
Combined sample 815 | 580 (71.2) | 218 (26.7) 17 (2.1) | 051 | 0.15{ 0.17
MCHR2-AS1 rs9484646 G>T | 100074221 GG GT TT
Discovery sample 474 | 199 (42) 223 (47) 52 (11) | 0.37
Replication sample 1 164 70 (40.7) 78 (47.5) 16 (9.8) | 0.73
Replication sample 2 178 76 (42.7) 80(44.9) | 22(12.4) | 0.89
Combined sample 816 | 345 (42.3) | 381 (46.7) 90 (11) 0.32 | 0.34 | 0.31
MCHR2-AS1 rs12214805 C>T | 100074607 CcC CT TT
Discovery sample 474 | 373(78.7) | 96 (2.02) 5(1.1) | 067
Replication sample 1 164 | 137 (83.5) | 27 (16.5) 0(0) 0.25
Replication sample 2 178 | 144 (80.9) 31(17.4) 3(1.7) 0.39
Combined sample 816 | 654 (80.1) [ 154 (18.9) 8(1) 0.75| 0.1 | 0.11

Genomic positions (Build 37), deviation from Hardy Weinberg Equilibrium (HWE) and minor allele

frequencies (MAF) observed and refered in HapMap are indicated.
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S3 Table. Associations of MCHR2 and MCHR2-AS1 tagging SNPs with BMI in the
Caucasian discovery psychiatric sample

MCHR2 MCHR2-AS1
Corrected Corrected
n=441 B (95% CI) p-value n=441 B (95% CI) p-value
rs6913266 rs11967658
CcC ref GG ref
CA/AA 0.33 (-0.53 - 1.16) NS GA/AA 0.23 (-0.62 - 0.99) NS
rs4559096 rs11155243
iy ref GG ref
TC/CC NA GA/AA 0.71 (-0.14 - 1.52) NS
rs13195863 rs9484646
CC/CA ref GG ref
AA -0.92 (-2.25 - 0.58) NS GT/TT 0.22 (-0.46 - 0.96) NS
rs4840106 rs12214805
GG ref CcC ref
GA/AA 0.11 (-0.62 - 0.81) NS CT/TT 0.31 (-0.61-1.18) NS
rs4840109
GG/GA ref
AA 1.31 (0.41-2.14) 0.04
rs9403322
GG/GC ref
CcC NA
rs12203515
cC ref
CA/AA -0.21 (-0.79 - 0.30) NS
rs2001456
GG/GA ref
AA 2.38 (0.37 - 4.36) 0.04
rs11155195
AA ref
AG/GG -0.32 (-0.98 - 0.25) NS
rs7754794
CC/ICT ref
TT -1.08 (-2.11 - (-)0.35) 0.04

Results were obtained by fitting Generalized Additive Mixed Models for patients, controlling for age, sex, smoking status, current
psychotropic drug and comedications possibly causing weight-gain.

B: estimate.

P-value: corrected for multiple tests.

NA: non applicable (because not in HW equilibrium).

NS: non significant.

ref: reference.
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S4 Table. MCHR2 rs7754794C>T tagging SNP association
with waist circumference in the discovery sample*

WC (cm)
MCHR2 rs7754794C>T
n B (95% Cl) v aﬁ; .
All subjects

CC/ICT 428 ref

TT -1.55(-4.78-1.74) | 0.17
<45 years subjects

CC/CT 190 ref

TT -4.34 (-8.32 - (-)0.19) | 0.02

Results were obtained by fitting Generalized Additive Mixed Models for patients, controlling for age, sex, smoking status, current
psychotropic drug and comedications possibly causing weight-gain.

ref: reference

WC: waist circumference.

*WC data were not available in replication samples 1 and 2.
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S5 Table. Characteristics of PsyColLaus sample.

MDD status
Charasteristics partiﬁil:)ants Atypical Non atypical No MDD

n=3938 n=453 n=1127 n=2350 value?
\Women, % [95CI] 53.9 73.5[69.4-77.6] | 63.3[60.4-66.1] |45.7 [43.6-47.7]| 0.001'
Age, mean (SD), y 54.8 (11.3) 52.2 (9.7) 53.6 (10.6) 55.9 (11.8) 0.032"
BMI, mean (SD) 25.8 (4.6) 26.5 (5.2) 25.1 (4.5 25.9 (4.4) <0.001"
SES? mean (SD) 34(1.3) 3.3(1.2 3.4 (1.3) 3.3(1.2 0.016"
Married, % [95CI] 57.8 50.1[45.5-54.7] | 48.8[45.9-51.7] |63.7 [61.8-65.6] | 0.638'
Appetite®, % [95CI] NA 40.6 [36.1-45.2] 5.1[3.9-6.4] NA <0.001'
Physically active®, % [95CI] 58.1 54.8[49.7-59.9] | 59.7 [56.5-62.9] |57.9[55.5-60.3]| 0.104'
Smoking status, % [95CI]
Former 34.5 30.9[26.6-35.2] | 33.7[31.0-36.5] |35.6 [33.6-37.5]| 0.282'
Current 252 29.4 [25.1-33.6] | 29.4 [26.7-32.0] |22.3 [20.7-24.0] | 0.996'
Alcohol intake®, % [95CI]
Low 57.8 61.1[56.6-65.7] | 57.9[55.1-60.8] |57.1[55.1-59.1]| 0.242'
High 16.7 11.0[8.1-13.9] | 14.9[12.8-17.0] | 18.6 [17.0-20.1]| 0.044'
Anxiety disorders®, % [95CI] 18 33.5[29.1-37.9] | 26.3[23.7-28.9] | 11.1[9.9-12.4] | 0.042'
Substance dependence’, % [95CI] 5.2 5.5[3.4-7.6] 6.1[4.7-7.5] 4.7 [3.9-5.6] 0.639
Antidepressant use, % [95CI] 8.6 23.0[19.1-26.8] | 12.5[10.6-14.4] 4.0[3.1-4.7] |<0.001'
Age at MDD onset, mean (SD), y NA 33.7 (14.0 35.1 (13.9) NA 0.141"
Time spent in episodes, mean (SD),
wk NA 236.9 (415.7) 157.9 (269.1) NA <0.001"
MDE current, % [95CI] 71 28.3[24.1-32.4] | 13.4[11.4-15.4] NA <0.001'

MDD, major depressive disorder; MDE, major depressive episode; SES, socioeconomic status; BMI, body mass index; 95CI, 95%

confidence interval; NA, not applicable.

a Hollingshead Four-Factor Index of Social Status (5 is the highest status).

b Increase of appetite during MDD.

¢ Physically active more than 20 minutes twice a week.

d Number of drinks per week: low = 1-13 and high = 14 or more.

e Generalized anxiety disorder, social phobia, panic disorder, or agoraphobia.
f Lifetime dependence on cocaine, heroin, stimulant, sedative, or hallucinogen.
g Comparison between atypical and non atypical depressives.

h Wilcoxon-Mann-Whitney test.
i Chi-square test.
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S6 Table. Genotype frequencies of MCHR2 rs7749425C>T according to subgroups
of diagnosis in PsyColLaus sample

rs7749425-C allele carriers n (%)

rs7749425-TT genotype n (%)

PsyColLaus 3413 (86.7) 525 (13.3)
PsyColaus: Depression 1343 (85.0) 237 (15.0)
PsyCoLaus: Non-atypical Depression 956 (84.8) 171 (15.2)
PsyColaus: Atypical Depression 387 (85.4) 66 (14.6)

p-value (Chi2 test)=0.24.
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S7 Table. MCHR2 and MCHR2-AS1 tagging SNPs referenced in HapMap.

SNPs analyzed, by order

Tagging SNP Gene of posiiibn r?
rs6913266 C>A MCHR2 rs6913266 C>A 1
rs13195863 C>A MCHR2 rs13195863 C>A 1
rs4840106 G>A MCHR2 rs4840106 G>A 1
rs4840109 G>A MCHR2 rs4840109 G>A 1
rs12203515 C>A MCHR2 rs12203515 C>A 1
rs69252727>C MCHR2 rs7754794 C>T .9
rs2001456 G>A MCHR2 rs2001456 G>A 1
rs11155195 A>G MCHR2 rs11155195 A>G 1
rs6919506C>T MCHR2-AS1 rs11967658 G>A 1
rs4240586T>C MCHR2-AS1 rs11155243G>A 1
rs9484646 G>T MCHR2-AS1 rs9484646 G>T 1
rs3763374C>T MCHR2-AS1 rs12214805 C>T .8

These tagging SNPs were obtained in HapMap using MAF>5% and pairwise linkage disequilibrium %20.8

r:correlation coefficient between loci.

Proxys of tagging SNPs are indicated in bold.
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S8 Table. Comedications considered as weight-inducers in statistical analyses

Aldesleukin Amisulpride Aripiprazole
Carvedilol Cetirizine Chlorpromazine
Chlorprothixene Clobazam Clomiphene
Clomipramine Clozapine Danazol
Desogestrel Dexamethasone Doxepin
Drospirenone + Ethinylestradiol Estradiol Ethinylestradiol + Levonorgestrel
Etonogestrel Etoricoxib Flupentixol
Gabapentin Glatiramer Insulin
Ketazolam Ketotifen Levocetirizine
Levonorgestrel Lithium Maprotiline
Megestrol Mianserin Minoxidil
Mirtazapine Olanzapine Paliperidone
Paroxetine Perphenazine Pioglitazone
Pregabalin Progesterone Quetiapine
Risperidone Rosiglitazone + Metformin Rosiglitazone
Sertindole Sulpiride Terazosin
Tibolone Toremifene Valproate
Vigabatrin Zuclopenthixol

More details are available in (36).
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ARTICLE INFO ABSTRACT

Keywords: Genetic factors associated with Body Mass Index (BMI) have been widely studied over the last decade. We
SH2B1 examined whether genetic variants previously associated with BMI in the general population are associated with
RABEP1

cardiometabolic parameter worsening in the psychiatric population receiving psychotropic drugs, a high-risk
group for metabolic disturbances. Classification And Regression Trees (CARTs) were used as a tool capable of
describing hierarchical associations, to pinpoint genetic variants best predicting worsening of cardiometabolic
parameters (i.e total, HDL and LDL-cholesterol, triglycerides, body mass index, waist circumference, fasting
glucose, and blood pressure) following prescription of psychotropic drugs inducing weight gain in a discovery
sample of 357 Caucasian patients. Significant findings were tested for replication in a second Caucasian psy-
chiatric sample (n = 140).

SH2B1 rs3888190C > A was significantly associated with LDL levels in the discovery and in the replication
sample, with A-allele carriers having 0.2 mmol/l (p = 0.005) and 0.36 mmol/l (p = 0.007) higher LDL levels
compared to others, respectively. G-allele carriers of RABEP1 rs1000940A > G had lower fasting glucose levels
compared to others in both samples (— 0.16 mmol/l; p < 0.001 and — 0.77 mmol/l; p = 0.03 respectively).
The present study is the first to observe such associations in human subjects, which may in part be explained by a
high risk towards dyslipidemia and diabetes in psychiatric patients receiving psychotropic treatments compared
to population-based individuals. These results may therefore give new insight into the etiology of LDL-choles-
terol and glucose regulation in psychiatric patients under psychotropic drug therapy.

Pharmacogenetics of psychotropic drugs
Metabolic syndrome in psychiatry
Dyslipidemia

Type 2 diabetes

1. Introduction et al., 1997). Genetic risk factors were actually reported to account for

up to 40 to 70% of inter-individual variability for the most extensively

Cardiovascular diseases constitute a major health concern asso-
ciated with high morbidity and mortality. Comorbidities such as obe-
sity, dyslipidemia, diabetes and hypertension are complex clinical
conditions and major contributing risk factors for the development of
cardiovascular diseases. Such medical conditions result from the in-
teraction between numerous genetic and environmental factors (e.g.
sedentary lifestyle with excessive dietary intake) (Qi & Cho, 2008; Maes
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studied obesity-related phenotype, namely the BMI (Visscher et al.,
2012; Zaitlen et al., 2013). The largest meta-analysis of Genome-Wide
Association Studies (GWAS) to date has reported 97 different loci as-
sociated with BMI in 339,224 individuals (Locke et al., 2015).

In psychiatry, patients suffering from severe mental illness have a
reduced life expectancy of 10 to 25 years compared to the general po-
pulation due mainly to cardiovascular diseases resulting from the
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psychiatric disorder and/or comorbidities, but also from the prescrip-
tion of psychotropic treatments (Laursen et al., 2012). Thus, many
antipsychotics, in particular atypical antipsychotics, some mood stabi-
lizers and antidepressants induce metabolic dysfunctions by inducing
weight gain (Leucht et al., 2013), dyslipidemia (Correll et al., 2015),
type 2 diabetes (Sernyak et al., 2002; Kessing et al., 2010; Buse et al.,
2003), and/or hypertension (Khasawneh & Shankar, 2014) to varying
degrees. For instance, clozapine and olanzapine are associated with the
greatest risk for developing weight gain and other metabolic effects
(Leucht et al., 2013). All of these factors result in serious morbidity such
as cardiovascular diseases (Newcomer, 2007) and a decreased medi-
cation adherence. Dyslipidemia, type 2 diabetes and hypertension can
develop either as a direct or collateral consequence of the use of psy-
chotropic drugs. Although precise mechanisms underlying metabolic
side effects induced by psychotropic drugs are only partially elucidated
to date, the dual antagonism on serotonin and dopamine receptors was
shown to stimulate appetite leading to weight gain and other long-term
comorbidities (Stahl, 2008). Furthermore, independent antagonism
actions on adrenergic and muscarinic receptors were directly related
with decreasing insulin secretion and pancreatic p-cell response
(Holt & Mitchell, 2015). Over the last decade, pharmacogenetics of
psychotropic-induced weight gain has been extensively studied using
candidate gene approaches, in particular within dopamine and ser-
otonin receptors (Ryu et al., 2007; Balt et al., 2011). In addition, nu-
merous single nucleotide polymorphisms (SNPs) within genes involved
in other pathways of metabolism regulation (e.g. enzymes, receptors or
transcriptional coactivators involved in leptin-melanocortin pathways,
genes involved in cholesterol and/or in glucose homeostasis) were also
associated with weight gain in psychiatric patients taking psychotropic
drugs (Lett et al., 2012; Saigi-Morgui et al., 2015; Quteineh et al., 2015;
Delacretaz et al., 2015; Choong et al., 2013).

A growing body of evidence suggests that obesity and psychiatric
diseases share common etiological pathways, which may be illustrated
by the observed synergistic influence of genes associated with obesity
and with psychiatric illness on cardiometabolic parameters (Lopresti -
& Drummond, 2013). In addition, recent pharmacogenetic studies have
shown stronger influence on obesity phenotypes of some BMI-asso-
ciated genes in the psychiatric population treated with weight gain
inducing psychotropic drugs compared to the general population (Saigi-
Morgui et al., 2015; Quteineh et al., 2015; Delacretaz et al., 2015).
Unfortunately, it is unknown to which extent the 97 variants associated
with BMI in the general population are associated with other cardio-
metabolic phenotypes in the psychiatric population, despite that such
populations are at very high risk for cardiometabolic disorders. Because
cardiometabolic traits have a complex etiology, with an important
variability, the aim of the present study was to determine whether
population-based genetic variants related to BMI are associated with
cardiometabolic phenotypes in patients from two psychiatric samples
who were prescribed known weight gain inducing psychotropic drugs.
The analyses were performed using methods capable of detecting
hierarchical associations, in order to further refine the underlying
biological mechanisms of cardiometabolic phenotypes in psychiatry.

2. Materials and methods
2.1. Psychiatric samples

A prospective cohort study is ongoing in the Lausanne Psychiatric
University Hospital since 2007. Patients treated with atypical anti-
psychotics (amisulpride, aripiprazole, clozapine, olanzapine, quetia-
pine, paliperidone, risperidone), mood stabilizers (lithium, valproate)
or/and mirtazapine were included. Baseline and follow-up clinical ob-
servations (1, 3, 6 and/or 12 months) were obtained during a medical
examination based on the department guideline for metabolic follow-up
performed on a routine basis (Choong et al., 2008). Blood samples were
collected at 1st, 3rd and 12th months. Most patients had already
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received other psychotropic treatments before the current treatment.
Ethnicity data were obtained from medical files. Diagnoses were based
on the ICD-10 classification (F00-F09 organic disorder; F20.0-F24.9 and
F28-F29 psychotic disorders; F25.0-F25.9 schizoaffective disorder;
F30.0-F31.9 bipolar disorder; F32.0-F33.9 depressive disorder). Written
informed consents for inclusion in the study and also for the genetic
analyses were obtained from patients or their legal representatives. The
study was approved by the Ethics Committee of Lausanne University
Hospital. Further description of the cohort study was published else-
where (Choong et al., 2013; Vandenberghe et al., 2015).

2.2. Discovery and replication samples

97 SNPs associated with BMI in a recent population-based meta-
analysis (Locke et al., 2015) were tested for association with worsening
of cardiometabolic variables in the discovery sample. The discovery
sample consisted of 357 Caucasian patients from the above-described
prospective cohort study, with available clinical data for at least two
periods including baseline data. Positive results (i.e. for a smaller subset
of SNPs) were tested for replication in the replication sample, composed
of 140 Caucasian patients from the same cohort study, with available
clinical data for at least two periods of treatment but without baseline
data (all patients with baseline data were already included in the dis-
covery sample). Changes of metabolic parameters are more important
at the beginning of treatment and including patients with baseline data
in the discovery cohort increases the power to detect significant asso-
ciations between SNPs and cardiometabolic parameters. Thereafter,
only the strongest signals were confirmed using the replication sample.

2.3. SNP selection and genotyping

97 SNPs were selected according to the previously mentioned po-
pulation-based meta-analysis (Locke et al., 2015). DNA from blood
samples of psychiatric patients was extracted using the Flexigene DNA
Kit or QIAamp DNA Blood Mini QIAcube Kit (Qiagen AG, Switzerland)
as described by the manufacturers's instructions. Genotypes of 96 SNPs
were available in the Illumina 200 K CardioMetaboChip (Voight et al.,
2012). The CardioMetabochip is a custom Illumina iSelect genotyping
array designed to test DNA variation of 200’000 SNPs from regions
identified by large scale meta-analyses of genome wide association
studies (GWAS) for metabolic and cardiovascular traits. CardioMeta-
bochip genotyping was performed at the iGE3 genomics platform of the
University of Geneva (http://www.ige3.unige.ch/genomics-platform.
php). Quality control excluded samples from the analysis if gender was
inconsistent with genetic data from X-linked markers, if autosomal
heterozygosity was extreme, genotype call rate < 0.96, Gene Call (GC)
score < 0.15 and/or minor allele frequency (MAF) < 0.10. The one
remaining SNP not available in the CardioMetaboChip, namely
rs11847697, was analysed using a TaqMan SNP Genotyping Assay
(C_1293175_10) on ViiA™ 7 Real-Time PCR System, as described by the
manufacturer instructions.

3. Functional assessment of significant SNPs
3.1. eQTL analysis

Cis-association data of the influence of significant SNPs on the ex-
pression of nearby genes were extracted from the Genotype-Tissue
Expression (GTEx) project, a public source (http://www.gtexportal.
org/home/) with available expression Quantative Trait Loci (eQTL)
data of 7051 samples from 44 different tissues and for genome-wide
genetic variations in the general population (Illumina OMNI 5M SNP
Array) (GTEx Consortium, 2013).
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3.2. RegulomeDB annotation

The Regulome database (http://www.regulomedb.org/) was used to
assess the functional activity of significant SNPs (Boyle et al., 2012).
This database defines SNPs with known and/or predicted regulatory
elements located in intergenic regions of the human genome. Known
and predicted regulatory elements include regions of DNAase hy-
persensitivity, binding sites of transcription factors and promoter re-
gions biochemically characterized to the regulation of transcription.
Sources for these data include public datasets from GEO, the ENCODE
project and the published literature.

3.3. Statistical analyses

Statistical analyses were performed using Stata 12 (StataCorp,
College Station TX, USA) and R version 3.1.1. Hardy-Weinberg equili-
brium (HWE) testing was performed for the 97 SNPs using Pearson's
chi-squared test. SNPs for which p-value was higher than 0.05 were
considered in HWE.

Classification And Regression Trees (CARTSs) are used to segregate
SNPs that best predict the worsening of cardiometabolic variables
during different periods of the psychotropic treatment. CARTs can be
grown using the so called Recursive Partitioning and Regression Trees
algorithms (Breiman et al., 1984). These algorithms are implemented in
a few softwares including R environment for statistical programming
and data analysis (rpart library). At each node, the split rule is applied
which is based on the Generalized Gini index, the split can be per-
formed if number of observations exceeds a certain threshold (the
threshold in this study was 20). Pruning can be used in function of the
desired complexity of the tree. Complexity of the constructed tree at
each node is represented by the so called Complexity Parameter which
is equivalent to the decrease in relative error rate of the tree if the split
at each that node survives after the tree is pruned.

CARTs were first performed on the discovery sample to identify
clinical (age, sex, smoking status) and genetic (97 SNPs) variables best
predicting worsening of cardiometabolic features during the psycho-
tropic treatment (i.e. increase of BMI, waist circumference (WC), total
cholesterol (TC), fasting triglycerides (TG), low-density lipoprotein
(LDL), fasting glucose (GLC), systolic blood pressure (SBP) and/or of
diastolic blood pressure (DBP), and/or decrease of high-density lipo-
protein (HDL)). Of note, patients receiving lipid-lowering, antidiabetic
and/or antihypertensive drugs were excluded from TC, TG, LDL, HDL
analyses, GLC analyses and SBP and DBP analyses, respectively (S1
Table). In order to determine short- and long-term risk factors asso-
ciated with metabolic disturbances, CARTs were performed at several
periods of treatment (i.e. from =10 to < 45 days; from =45 to <

135 days and from =135 to < 535 days of psychotropic treatment).
Variables in the first three layers of the CART tree structure for each
cardiometabolic phenotype and each period of psychotropic treatment
were considered in further covariate-adjusted statistical analyses.
Associations between the most important SNPs (in the first three layers)
and cardiometabolic variables were assessed in the discovery sample
(using a dominant or recessive model according to CART results) by
fitting a generalized additive mixed model (GAMM) adjusting for pos-
sible confounders such as age, sex and smoking status (De Hert et al.,
2011), allowing a smooth trend for the response in time based on
multiple observations for each patient. Significant associations were
then tested in the replication sample using the same model. GAMMs
were fitted using the mgcv package of R, in which parameter un-
certainties (confidence intervals and p-values) were computed using
bootstrap (1000 replicates or 10,000 replicates whenever possible with
replacement, performed on patient level). p-Values of two-sided models
= 0.05 were considered as statistically significant.
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4. Results
4.1. Characteristics of psychiatric samples

S2 Table displays demographic and clinical characteristics of
the two psychiatric Caucasian samples. As published elsewhere
(Vandenberghe et al., 2015), values of cardiometabolic parameters in
both psychiatric samples generally increased during the psychotropic
treatment. Patients were slightly older in the replication sample
(median of 52 years) compared to the discovery sample (median of
47 years; p = 0.04). Psychotic (F20.0-F24.9 and F28-F29) was the most
frequent diagnosis (37% in the combined sample), and quetiapine was
the most frequently prescribed psychotropic drug (33% in the combined
sample). No difference of clinical or of demographical variables was
observed between the discovery and replication samples (p > 0.05),
except in the second psychotropic treatment period, namely between 45
and 135 days of treatment, in which BMI and waist circumference were
higher in the replication sample (25.5 kg/m? 95 cm) compared to the
discovery sample (23.7 kg/mz; 91 cm; p-values = 0.04 and 0.03, re-
spectively).

4.2. Variables predicting cardiometabolic phenotype worsening in the
discovery sample

Three out of the 97 SNPs were not in Hardy Weinberg equilibrium
and were therefore not used in analyses (i.e rs1075847, rs13201877
and rs657452). CARTs fitted on the different cardiometabolic pheno-
types (i.e. BMI, WC, HDL, TC, TG, LDL, GLC, SBP and DBP) highlighted
57 different SNPs that best predicted worsening of at least one of the
latter-mentioned cardiometabolic variable in the discovery sample
during three distinct consecutive periods of psychotropic treatment. An
example of a CART is presented in S1 Fig, showing, for instance, that
patients carrying the variant allele of ADCY3 rs10182181A > G (i.e. G)
have a mean TC increase of 3.9%, whereas those who carry the AA
genotype have a mean TC increase of 13.7% during the first period of
psychotropic treatment. A summary of CART results is displayed in
Table 1.

4.3. Association of SNPs with cardiometabolic phenotypes in psychiatric
samples

In the discovery sample, 18 out of the 57 different SNPs were sig-
nificantly associated with at least one cardiometabolic phenotype using
multiple linear models adjusted for age, sex, BMI and smoking status
(p < 0.05) (Table 2). Two out of the 18 SNPs were significantly re-
plicated in the replication sample, with SH2B1 rs3888190C > A and
RABEPI1 rs1000940A > G being significantly associated with LDL le-
vels (p = 0.007) and FG levels (p = 0.03), respectively (Table 3). The
16 remaining SNPs were not replicated (data not shown) and were
therefore not considered in further analyses. Genotype frequencies of
SH2B1 rs3888190C > A (GRCh38.p7 16:28,878,165) and RABEP1
rs1000940A > G (GRCh38.p7 17:5,379,957) in the discovery and re-
plication samples are presented in the S3 Table. Both SNPs were in
HWE in the two psychiatric samples, and their MAF were in accordance
with those reported in HapMap for Caucasians.

4.4. Association of SH2B1 rs3888190C > A with LDL levels in psychiatric
samples

In the discovery sample, rs3888190C > A was significantly asso-
ciated with LDL levels, with A-allele carriers having 0.20 [0.07; 0.36]
mmol/l higher LDL levels compared to patients carrying the CC geno-
type (p = 0.005) (Table 3). This observation was replicated in the
second psychiatric sample (0.36 [0.08; 0.66] mmol/l; p = 0.007)
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Table 1

SNPs and cardiometabolic variables: CART analyses.

Gene 628 (2017) 8-15

TC HDL LDL TG BMI
SNP Gene" SNP Gene SNP Gene” SNP Gene” SNP Gene”
1510182181 ADCY3 1510132280 STXBP6 151000940 RABEP1 151000940 RABEP1 151016287 LINCO1122
1510968576 LINGO2 1510968576 LINGO2 rs10182181 ADCY3 rs11688816 EHBP1 1510182181 ADCY3
rs11688816 EHBP1 rs11165643 PTBP2 1510968576 LINGO2 1512429545 OLFM4 rs11688816 EHBP1
1512401738 FUBP1 rs11688816 EHBP1 151441264 MIR548A2 151528435 UBE2E3 1512885454 PRKD1
rs17024393 GNAT2 151441264 MIR548A2 152176598 HSD17B12 1529941 KCTD15 rs12940622 RPTOR
1517094222 HIFIAN 151460676 FIGN 152287019 QPCTL 153101336 NEGR1 151441264 MIR548A2
151808579 C18orf8 151514175 TNNI3K 153736485 DMXL2 rs3888190 SH2B1 rs1808579 C18orf8
151928295 TLR4 1516907751 ZBTB10 rs3888190 SH2B1 155014937 CALCR 152033732 RALYL
15205262 C6orf106 152112347 POC5 15492400 UsP37 157103411 BDNF 154740619 C9orfo3
15492400 USP37 1$29941 KCTD15 157164727 LOC100287559 rs7903146 TCF7L2
157164727 LOC100287559 154787491 INOSOE 17243357 GRP 159400239 FOX03
157903146 TCF7L2 rs6804842 RARB 157715256 GALNT10
1s9914578 SMG6 157103411 BDNF 159374842 LOC285762
157715256 GALNT10
157903146 TCF7L2

wWC FG SBP DBP
SNP Gene SNP Gene” SNP Gene' SNP Gene"
rs11583200 ELAVL4 151000940 RABEP1 rs10132280 STXBP6 151000940 RABEP1
1512429545 OLFM4 1511688816 EHBP1 1510182181 ADCY3 rs10938397 GNPDA2
151808579 C18orf8 1517203016 CREB1 151441264 MIR548A2 1510968576 LINGO2
152033529 TDRG1 rs17405819 HNF4G 1517203016 CREB1 510968576 LINGO2
152033732 RALYL 152820292 NAV1 1529941 KCTD15 151167827 HIP1
15205262 C6orf106 rs3101336 NEGR1 1$3810291 ZC3H4 1517405819 HNF4G
152241420 MAP2KS 15543874 SEC16B 157164727 LOC100287559 1517724992 PGPEP1
1s29941 KCTD15 rs6567160 MC4R rs3810291 ZC3H4
15492400 uUspP37 157164727 LOC100287559 rs3849570 GBE1

57239883 L0OC284260 54787491 INOSOE

157903146 TCF7L2 rs7113874 TRIM66

TC: total cholesterol; HDL: high-density lip in chol ol; LDL: low-density lipoprotein cholesterol; TG: triglycerides; BMI: body mass index; WC: waist circumference; FG: fasting

glucose; SBP: systolic blood pressure; DBP: diastolic blood pressure.

This table displays the 57 SNPs predicting the best worsening of cardiometabolic parameters (within the first three layers) according to CART analyses in the discovery sample.

“ Nearest gene for each SNP.

(Table 3). S2 Fig.a illustrates the evolution of abnormal LDL level (i.e.
LDL levels = 3 mmol/l and/or with any prescribed lipid-lowering drug)
prevalence according to rs3888190C > A genotypes during psycho-
tropic treatment in the combined sample. During psychotropic treat-
ment, the proportion of patients with abnormal LDL values significantly
increased for both rs3888190-CC (from 40% at baseline to 54% in the
last treatment period; p = 0.04) and rs3888190-A allele carriers (from
46% to 60%, respectively; p = 0.02), reflecting the development of
dyslipidemia-induced psychotropic drug. Within subperiods of treat-
ment, no difference of abnormal LDL proportion was detected across
rs3888190C > A genotypes, possibly due to insufficient power. In
contrast, when considering all observations from multiple treatment
periods together (S2 Fig.b), the overall proportion of patients with
abnormal LDL levels was lower for rs3888190-CC carriers (47%) com-
pared to rs3888190-A allele carriers (53%; p = 0.03).

4.5. Association of RABEP1 rs1000940A > G with fasting glucose levels in
psychiatric samples

In the discovery sample, rs1000940A > G was significantly asso-
ciated with fasting glucose. G-allele carriers had 0.16 [0.06; 0.28]
mmol/1 lower fasting glucose levels compared to patients carrying the
AA genotype (p < 0.001) and this association was replicated in the
second psychiatric sample (0.77 [0.03; 1.39] mmol/l; p = 0.03)
(Table 3). S3 Fig.a displays the prevalence of abnormal fasting glucose
levels (i.e. fasting GLC levels = 5.6 mmol/] and/or with any prescribed
antidiabetic drug) according to rs1000940A > G during the psycho-
tropic treatment. As for SH2BI rs3888190C > A and LDL, no
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significant difference of abnormal glucose level prevalence across
rs1000940A > G genotypes was observed in subperiods of psycho-
tropic treatment. However, the overall proportion of patients with ab-
normal glucose levels was significantly lower for patients carrying
rs1000940-G allele (20%) compared to those carrying the AA genotype
(27%; p = 0.03) when considering all periods of treatment together (S3
Fig.b). Moreover, when considering each genotype separately (i.e. in
carriers of rs1000940 AA genotype and in carriers of rs1000940 G al-
lele), there was no significant difference of the prevalence of hy-
perglycemia after a short or after a longer period of treatment
(p = 0.77 and 0.96 for AA and G allele carriers, respectively), possibly
explained by a worsening of glycemia profile occurring during a longer
period of treatment than the one taken into account during the present
study.

Even though being non-significant due to non-adjusted analyses as
well as an insufficient number of observation, S2 and S3 Fig suggest
that both SH2B1 rs3888190C > A and RABEP1 rs1000940A > G could
exert an influence on LDL and on glucose, respectively, already before
the current psychotropic treatment initiation. These baseline differ-
ences may possibly be explained, at least in part, by the fact that most
patients were not drug naive when starting the current psychotropic
treatment. Of note, no difference of LDL nor of glucose levels were
observed between psychotropic medication groups (constructed ac-
cording to their propensity to induce metabolic alterations, i.e. high-
risk group (olanzapine, clozapine and valproate) versus medium-risk
group (quetiapine, risperidone, mirtazapine, lithium) versus low-risk
group (amisulpride, aripiprazole)), data not shown.

Although neither SH2B1  rs3888190C > A

nor RABEP1
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Table 2
SNPs and cardiometabolic variables: discovery sample.

Gene 628 (2017) 8-15

n Gene(s)" SNP B p-Value
TC 309 HIF1IAN 1517094222 T > C ref: TT 0.05
0.17 (- 0.04-0.35)
C6orf106; SNRPC 1s205262 A > G ref: AA 0.01
= 0.22 (- 0.37-(~-)0.05)
EHBP1 rs11688816 G > A ref: GG/GA 0.01
0.24 (0.06-0.47)
HDL 306 MIR548A2 151441264 G > A ref: GG 0.01
0.07 (0.02-0.12)
BDNF 157103411 C > T ref: CC/CT < 0.001
—0.23 (—0.31(—)0.14)
LDL 301 SH2B1; APOBR; ATXN2L; SBK1; SULT1AZ2; 153888190 C > A ref: CC 0.005
TUFM 0.20 (0.07-0.36)
QPCTL; GIPR 1s2287019C > T ref: CC 0.05
—=0.11 (- 0.24-0.02)
TG 290 BDNF rs7103411C > T ref: CC 0.01
0.12 (0.01-0.25)
SH2B1; APOBR; ATXN2L; SBK1; SULTIA2; 153888190 C > A ref: CC/CA 0.05
TUFM 0.13 (- 0.04-0.29)
EHBP1 rs11688816 G > A ref: GG/GA 0.02
0.19 (0.01-0.37)
BMI 330 LINCO1122 151016287 T > C ref: TT/TC 0.05
1.33 (—0.28-2.85)
FOXO03; HS500296402 159400239 T > C ref: TT 0.009
0.99 (0.22-1.88)
WC 325 MAP2K5; LBXCOR1 1s2241420 G > A ref: GG/GA < 0.001
—7.37 (- 10.54-(—)2.90)
OLFM4 1512429545 G > A ref: GG 0.02
—2.18 (- 4.05-(-)0.17)
FG 287 RABEP1 151000940 A > G ref: AA < 0.001
—0.16 (— 0.28-(—)0.06)
TCF7L2 157903146 C > T ref: CC/CT 0.03
0.15 (- 0.01-0.31)
SBP 268 KCTD15 1529941 A > G ref: AA/AG 0.05
6.78 (—0.42-12.2)
DBP 268 RABEP1 151000940 A > G ref: AA < 0.001
—3.34 (- 5.76-(—)1.72)
ZC3H4 153810291 G > A ref: GG 0.04
—1.63 (—4.07-0.32)
HIP1; PMS2L3; PMS2P5; WBSCR16 151167827 G > A ref: GG 0.03
2.20 (0.04-3.88)

Among SNPs from CART analyses (in Table 1), 18 SNPs were signi 1 iated with

variables in the discovery sample using GAMM models, with SNPs considered

as dominant or recessive according to CART results.

@ All notable genes related to corresponding SNPs (i.e. nearest gene, gene with biological relevance to metabolic parameters, eQTL SNPs, etc) (Locke et al., 2015).

1s1000940A > G were detected as having a possible influence on BMI
in CART analyses, both SNPs were tested for association with BMI in the
discovery psychiatric sample. No significant association was observed
between these two SNPs and BMI in the discovery sample (data not
shown).

Table 3

5. Discussion

The present study aimed to explore whether SNPs previously asso-
ciated with BMI and other cardiometabolic variables in the general
population (Locke et al., 2015) are associated with the worsening of
cardiometabolic phenotypes in a psychiatric population receiving

Association of SNPs with metabolic phenotypes in two independent Caucasian psychiatric samples.

SNP Phenotype n Discovery sample p-Value n Replication sample p-Value
B (95% CI) (mmol/1) B (95% CI) (mmol/1)

SH2B1 rs3888190C > A LDL 301 105

cc ref 0.005 ref 0.007

CA/AA 0.20 (0.07-0.36) 0.36 (0.08-0.66)

RABEP1 1s1000940A > G FG 287 82

AA ref < 0.001 ref 0.03

AG/GG —0.16 (- 0.28--0.06) —0.77 (- 1.39-0.03)

In this Table, 2 SNPs significantly associated with cardiometabolic variables in the replication sample using GAMM models are displayed. For clarity purpose, results for these 2 SNPs in

the discovery sample are

d. These 2 SNPs app d in the second layer of CART analyses on LDL and fasting glucose levels.

Results were obtained by fitting Generalized Additive Mixed Models for patients, controlling for age, sex, body mass index and smoking status.

B: estimate; ref.: reference; LDL:low-density lipoprotein; FG: fasting glucose.

Patients taking lipid-lowering or antidiabetic medications were excluded from LDL and FG analyses, respectively.

For FG analyses, patients in non-fasting conditions were excluded from y
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weight gain inducing psychotropic treatments. In particular, we aimed
to better refine underlying mechanisms linking and/or discerning ge-
netics of BMI with regard to other cardiometabolic comorbidities in the
psychiatric population, considering that the prevalence of metabolic
syndrome has been reported twice as high in this population compared
to the general population (De Hert et al., 2009).

Our preliminary exploration using CART analyses highlighted and
ranked 57 different SNPs that predicted the best metabolic parameter
worsening during psychotropic treatment in the discovery sample. In
the latter sample, 18 SNPs were significantly associated with cardio-
metabolic phenotypes but the remaining 39 SNPs were not, probably
due to adjustment for covariates (i.e. age, sex, BMI and/or smoking
status) in GAMM analyses, which was not performed in exploratory
CART analyses. Out of the 18 SNPs, SH2B1 rs3888190C > A and
RABEP1 1rs1000940A > G were replicated in the second psychiatric
replication sample. The 16 remaining SNPs were not replicated, pos-
sibly due to the lower sample size of the latter sample compared to the
discovery sample and the probable minor influence of these SNPs on
cardiometabolic variables.

Thus, SH2B1 rs3888190C > A and RABEPI rs1000940A > G were
significantly associated with low-density lipoprotein levels and fasting
glucose levels, respectively, in two separate psychiatric samples. As
recent population-based studies did not observe such associations
(Locke et al., 2015; Lu et al., 2016) this is, to our knowledge, the first
genetic study that suggested an influence of SH2B1 rs3888190C > A on
LDL as well as of RABEP1 rs1000940A > G on fasting glucose levels.
These different results between general and psychiatric populations
may in part be explained by a lower risk towards dyslipidemia and
diabetes in population-based individuals compared to psychiatric pa-
tients receiving psychotropic treatments (De Hert et al., 2012). Of note,
since a 1% reduction in LDL-cholesterol on average was shown to re-
duce risks for hard coronary heart disease events by approximately 1%
in short-term controlled trials (Third Report of the National Cholesterol
Education Program (NCEP), 2002), the observed difference of LDL le-
vels between SH2B1 rs3888190C > A genotypes appears clinically re-
levant.

In order to differentiate SNPs according to their short- and/or long-
term influence on metabolic features, CART analyses were conducted
after several distinct periods of psychotropic treatment. Both SH2B1
rs3888190C > A and RABEP1 rs1000940A > G appeared to exert an
influence already before the current psychotropic treatment initiation,
which may be explained by the fact that most patients were not drug
naive when starting the current psychotropic treatment. Further studies
are required to characterize how these genetic variants influence these
two metabolic parameters in drug naive patients. It is of particular in-
terest to note that our results within this observational psychiatric
sample reflect real clinical conditions.

The LDL-increasing allele of SH2BI rs3888190C > A in the psy-
chiatric population, namely the A allele was associated with higher BMI
values (0.03kg/m% p = 3.14% 10~ >*) in population-based samples
(Locke et al., 2015), which is in accordance with epidemiological ex-
pectations. On the other hand, the glucose-increasing genotype of
RABEP1 1s1000940A > G in the psychiatric population, namely AA
was associated with lower BMI values in the general population
(—0.019 kg/m?% p = 1.3 %10~ ®) (Locke et al., 2015). This unexpected
result may be explained by a differential influence of RABEPI
rs1000940A > G on these two cardiometabolic parameters between
population-based and psychiatric samples. Despite BMI being a well-
described parameter associated with metabolic comorbidities including
fasting glycemia in large prospective population studies (Guh et al.,
2009), some recent conflicting genetic association results have been
described in population-based samples (Lu et al., 2016). Thus, several
loci have a more pronounced effect on body fat percentage than on BMI,
suggesting a specific effect on adiposity rather than on overall body
mass (Lu et al., 2016). For instance, a genetic polymorphism 500 kb
upstream of IRS1 and influencing its expression was on one hand
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significantly associated with an increased overall adiposity (body fat
percentage) and, on the other hand, associated with a protective effect
on cardiometabolic health, including a reduced risk of type 2 diabetes
and cardiovascular diseases (Lu et al., 2016). These unexpected results
were explained by an effect on fat distribution, as the body fat per-
centage increasing allele was associated with increased subcutaneous
but not with metabolically more harmful visceral fat (Kilpelainen TO
et al.,, 2011). Many other similar inconsistent cross-phenotypic genetic
associations were described in population-based GWAS meta-analyses
(Locke et al., 2015; Lu et al., 2016) and strikingly, most of inconsistent
cross-phenotypic genetic associations encompass genes that influence
insulin receptor signaling (Lu et al., 2016). Further studies are therefore
needed to elucidate underlying biological mechanisms of such un-
expected cross-phenotypic associations, in particular between adiposity
and insulin resistance disorders.

An increasing number of studies indicate that metabolic and psychia-
tric diseases share common etiological pathways and have related neu-
robiological bases (Lopresti & Drummond, 2013). SH2B1 rs3888190C > A
as well as its 77 proxies lie in a highly conserved genetic region displaying
a considerable regulatory function. SH2B1 rs3888190C > A may alter the
expression of many genes involved in cholesterol homeostasis, including
Interleukin 27 (IL27), SH2B1 and Apolipoprotein B receptor (APOBR) (S4
Fig) (Ren et al., 2007; Rui, 2014; Sheng et al., 2013; Fu et al., 2014; Hirase
et al., 2013; Jin et al., 2012; Fujita et al., 2005), either through a cis-effect
in the liver and/or through methylation-mediated long-range interaction
with its promoter (Voisin et al., 2015). Apart from being involved in the
regulation of atherosclerosis, this cytokine was associated with LDL levels
in mice and humans (Fu et al., 2014; Hirase et al., 2013; Jin et al., 2012).
Besides, some genes involved in the immune system have been associated
with schizophrenia, bipolar disorder and major depressive disorder (MDD)
in two recent genome-wide association studies (Network and Pathway
Analysis Subgroup of Psychiatric Genomics Consortium, 2015;
Schizophrenia Working Group of the Psychiatric Genomics Consortium,
2014), suggesting that cytokines may play a role in psychiatric disorders.
Similarly, a recent meta-analysis reported analogies in the pattern of cy-
tokine alterations in the above mentioned psychiatric disorders (Goldsmith
et al., 2016). Taken together, published results suggest that LDL regulation
and psychiatric illnesses may share common regulatory genes including
IL27, which constitutes a possible candidate to explain the specific influ-
ence of SH2B1 rs3888190C > A on LDL in patients with psychiatric dis-
orders but not in individuals from the general population. A growing body
of evidence suggest that RABEPI rs1000940A > G and its 7 proxies
(r> > 0.95) may be involved in the regulation of glucose. RABEP1 was
shown to interact with RAB5a, a protein required for the regulation of
gluconeogenic gene (Zeigerer et al., 2015) and for insulin sensitivity
(Tessneer et al.,, 2014; Huang et al., 2001). Additionally, NUP88 was
shown to interact with several proteins including the CREB binding pro-
tein (CREBBP) involved in insulin sensitivity (Yamauchi et al., 2002). In
addition, eQTL data of these SNPs showed higher expression of NUP88 in
the brain (cerebellar hemisphere) and a lower expression of RABEP] in the
thyroid and the pituitary, two genes (tagged in part by rs1000940A > G)
interacting with different proteins involved in insulin sensitivity (S5 Fig)
(Zeigerer et al., 2015; Tessneer et al., 2014; Huang et al., 2001; Yamauchi
et al., 2002). Within the large genetic region of RABEP1 rs1000940A > G,
three proxies may influence expression levels of ATF2, a transcription
factor involved in part in the regulation of insulin resistance (Yamauchi
et al., 2002; Ban et al., 2000; Kreisberg et al., 1994; Ausserer et al., 1994;
Yang & Trevillyan, 2008). Interestingly, an overexpression of the latter
transcription factor in nucleus accumbens of rats enhanced antidepressant-
like responses, suggesting that this transcription factor plays a role in the
regulation of emotional behavior as well (Green et al., 2008). Likewise,
chronic administration of antidepressants impaired levels of ATF2 in the
prefrontal cortex in rats, and similarly, levels of phosphorylated ATF2
were decreased in patients medicated with antidepressants compared to
non-medicated patients in post-mortem human brains (Laifenfeld et al.,
2004). The latter studies illustrate the possible role of ATF2 in the complex
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interminglement between glucose homeostasis and psychiatric illnesses
and may therefore explain the specific influence of RABEPI
rs1000940A > G on glucose levels in particular in patients with psy-
chiatric disorders but not in individuals from the general population. More
studies with larger psychiatric samples are needed to confirm our findings
and to identify true causal variants, which will help to better understand
mechanisms underlying the metabolic regulation of cholesterol and glu-
cose, in particular in the psychiatric population.

Several limitations of the present study should be considered.
Firstly, this study was limited to Caucasian patients and results cannot
be generalized to other ethnicities. Secondly, the functional activity of
SH2B1 rs3888190C > A and of RABEP1 rs1000940A > G could not be
assessed in the psychiatric population. Third, association with SH2B1
rs3888190C > A did not survive to multiple testing correction.
However, the present results were replicated in a second psychiatric
sample and functional analyses strengthen the validity of our data.
Moreover, our results within this observational psychiatric sample re-
flect real clinical conditions.

In conclusion, this is the first genetic study to identify an association
between SH2B1 rs3888190C > A and LDL levels as well as between
RABEP1 1s1000940A > G and glucose levels. Our results are in
agreement with the previously reported roles of the many probable
affected genes in metabolism and provide new insight into the im-
plication of these genes in the human regulation of cholesterol and
glucose, in particular in the psychiatric population receiving psycho-
tropic drugs. Finally, the considerable regulatory function of these ge-
netic regions emphasizes the probable involvement of many regulatory
genes and supports further studies to better understand mechanisms
underlying the metabolic regulation of cholesterol and glucose, in
particular in the psychiatric population.
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S1 Table. Lipid-lowering drugs, antidiabetic drugs and antihypertensive drugs considered to
characterize dyslipidemia, type 2 diabetes and/or hypertension.

Lipid-lowering drugs _ Antidiabetic drugs Antihypertensive drugs

Atorvastatin Desmopressin Aliskiren

Amiloride
Ezetimibe Glibenclamid hydrochlorothiazide
Fenofibrate

Gliclazide Amlodipin
Fluvastatin Glimepiride Atenolol
Pravastatin Insulin Bisoprolol

Rosuvastatin Metformin Bosentan
Simvastatin Pioglitazone Candesartan
Rosiglitazone Captopril
Sitagliptin Carvedilol
Vildagliptin Celiprolol
Dilitiazem
Enalapril
Eplerenone
Felodipine
Furosemide
Hydrochlorothiazide
Irbesartan
Lercanidipine
Lisinopril
Losartan
Metolazone
Metoprolol
Midodrine
Molsidomine
Nebivolol
Nifedipine
Nitroglycerin
Olmesartan
Perindopril
Propranolol
Ramipril
Spironolactone
Telmisartan
Torasemide
Trandolapril
Valsartan
Verapamil

The list was extracted from (1)
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$2 Table. Characteristics of psychiatric samples: discovery and replication samples

Characteristics Discove.ry sample Re Iicatif)n sample p- .
n | median (range) | n | median (range) | value
Male (%) 356 156 (43.8) 140 58 (41.4) 0.63
Age, years 356| 47 (12-96) 140 52 (15-97) 0.04
Medication, n(%) 356 140 0.74
Amisulpride 28 (7.9) 13 (9.3)
Aripiprazole 32 (9) 10 (7.2)
Clozapine 25 (7.0) 11 (7.9)
Lithium 31(8.6) 8(5.7)
Mirtazapine 15 (4.2) 8 (5.7)
Olanzapine 41 (11.5) 12 (8.6)
Quetiapine 115 (32.4) 47 (33.8)
Risperidone 52(14.6) 26 (18.7)
Valproate 17 (4.8) 4 (2.9)
Main diagnosis, n(%) 269 90 0.42
Organic mental disorders 10 (3.7) 8(8.9)
Psychotic disorders 107 (39.8) 25 (27.8)
Schizoaffective disorders 21(7.8) 10 (11.1)
Bipolar disorders 65 (24.2) 21 (23.3)
Depressive disorder 66 (24.5) 26 (28.9)
Treatment duration, months 356 3 (1-12) 140 3 (1-12) 0.63
Treatment duration': 0
Total cholesterol, mmol/l 4.6 (2.1-8.4)
355
Hypercholesterolemia (= 5 mmol/l), n(%) 2 166 (46.8)
High-density lipoprotein, mmol/l 348 1.4 (0.6-3.3)
Hypocholesterolemia (= 1 mmol/l), n(%) 2 77 (22.1)
Low-density lipoprotein, mmol/l 338 2.6 (0.6-6.1)
Hypercholesterolemia (= 3 mmol/l), n(%) 2 148 (43.8)
Triglycerides, mmol/ ® 279 1.1 (0.4-8.5)
Hypertriglyceridemia (= 2 mmol/l), n(%) %* 51(18.3)
Glucose, mmol/l 5.1(3.5-10.3)
. 272
Hyperglycemia (= 5.6 mmol/), n(%) * 71(26.1)
Body mass index, kg/m? 343 23.0 (13.3-42.5)
Obesity (230 kg/m?), n(%) 45 (13.1)
Waist circumference, cm 86 (54-136)
Obesity in women (280 ¢m) ,n(%) ° 310 112 (64)
Obesity in men (294 cm) ,n(%) ° 52 (38.5)
Systolic blood pressure, mm Hg 123 (70-214)
. 320
Hypertension (=140 mm Hg) ,n(%) ® 102 (31.9)
Diastolic blood pressure, mm Hg 320 75 (47-150)
Hypertension (=90 mm Hg) ,n(%) © 90 (28.1)
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Treatment duration': 1

Total cholesterol, mmol/l 007 4.8 (2.4-8.6) 86 5.1(2.8-7.7) 0.21
Hypercholesterolemia (= 5 mmol/)), n(%) 2 109 (52.7) 54 (62.8) 0.11
High-density lipoprotein, mmol/l 206 1.4 (0.6-3.2) 87 1.4 (0.7-2.8) 0.19
Hypocholesterolemia (s 1 mmol/l), n(%) 2 55 (26.7) 20 (23.0) 0.5
Low-density lipoprotein, mmol/l 199 2.8 (0.5-6.3) 81 3.0 (0.8-5.3) 0.25
Hypercholesterolemia (= 3 mmol/l), n(%) 2 96 (48.2) 47 (58) 0.13
Triglycerides, mmol/ ® 177 1.1(0.3-6.5) 65 1.2 (0.4-4.6) 0.68
Hypertriglyceridemia (= 2 mmol/l), n(%) * 41(23.1) 18 (27.7) 0.46
Glucose, mmol/l 115 4.9 (2.9-18.7) 44 5.0 (4.1-20.8) 0.06
Hyperglycemia (= 5.6 mmol/), n(%) * 20 (17.4) 11 (25.0) 0.28
Body mass index, kg/m? 200 23.6 (13.4-43.5) 77 24.3 (14.7-40.6) 0.57
Obesity (230 kg/m?), n(%) 27 (13.5) 14 (18.2) 032
Waist circumference, cm 88 (62-142) 88 (58-126) 0.47
Obesity in women (=80 cm) ,n(%) ° 187 65 (67) 69 29 (70.7) 0.67
Obesity in men (294 cm) ,n(%) ° 33 (36.7) 28 (46.4) 0.35
Systolic blood pressure, mm Hg 119.5 (98-155) 122 (100-170) 0.47
, 38 20
Hypertension (=140 mm Hg) ,n(%) ° 8 (21) 7 (35) 0.25
Diastolic blood pressure, mm Hg 58 75.5 (54-103) 55 75 (60-115) 0.92
Hypertension (=90 mm Hg) ,n(%) © 9 (23.7) 7 (35) 0.36
Treatment duration': 2
Total cholesterol, mmol/l 233 4.9 (2.1-8.9) 103 5 (2.7-8.6) 0.29
Hypercholesterolemia (= 5 mmol/l), n(%) 2 134 (57.5) 58 (56.3) 0.84
High-density lipoprotein, mmol/l 239 1.3(0.6-2.8) 103 1.4 (0.6-2.7) 0.53
Hypocholesterolemia (< 1 mmol/), n(%) 2 61(26.3) 24 (23.3) 0.56
Low-density lipoprotein, mmol/l 219 2.8 (0.6-6) 99 3(1.4-6.2) 0.19
Hypercholesterolemia (= 3 mmol/l), n(%) 2 114 (52) 55 (55.5) 0.56
Triglycerides, mmol/ ® 178 1.2 (0.3-6.8) 73 1.2 (0.4-4.1) 0.74
Hypertriglyceridemia (= 2 mmol/)), n(%) %* 45 (25.3) 19 (26) 0.9
Glucose, mmol/l 147 4.9 (3.5-7.9) 69 5.1(2.7-11.2) 0.32
Hyperglycemia (= 5.6 mmol/), n(%) * 29 (19.7) 13 (18.8) 0.88
Body mass index, kg/m2 299 23.7 (16.1-44.1) 08 25.5 (14.3-50.2) 0.04
Obesity (230 kg/m?), n(%) 36 (15.7) 29 (29.6) 0.004
Waist circumference, cm 91 (67-147) 95 (66-162) 0.03
Obesity in women (280 cm) ,n(%) * 201 77 (78.6) 95 42 (77.8) 0.91
Obesity in men (294 cm) (%) ° 51(49.5) 26 63.4) 0.13
Systolic blood pressure, mm Hg 145 120 (85-180) 76 120 (84-162) 0.77
Hypertension (=140 mm Hg) ,n(%) ® 27 (18.6) 18 (23.7) 0.37
Diastolic blood pressure, mm Hg 144 | 76 (48-120) 76 77.5 (56-110) 0.36
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Hypertension (290 mm Hg) ,n(%) ® | | 3436 | | 22289 | o3
Treatment duration': 3
Total cholesterol, mmol/l 166 5.1(2.3-8.7) 73 5.2(3.3-8.2) 0.25
Hypercholesterolemia (= 5 mmol/)), n(%) 2 103 (62) 50 (68.5) 0.34
High-density lipoprotein, mmol/l 161 1.3(0.6-2.7) 21 1.3(0.7-4.8) 0.29
Hypocholesterolemia (s 1 mmol/), n(%) 2 47 (29.2) 17 (23.9) 0.41
Low-density lipoprotein, mmol/l 147 3(0.7-6) 69 3.1(0.6-6.4) 0.75
Hypercholesterolemia (= 3 mmol/l), n(%) 2 85 (57.8) 39 (56.5) 0.86
Triglycerides, mmol/ ® 125 1.2(0.3-6.1) 56 1.2(0.5-3.7) 0.69
Hypertriglyceridemia (= 2 mmol/)), n(%) %* 32 (25.6) 16 (28.6) 0.67
Glucose, mmol/l 122 5.2 (3.1-7.6) 54 5.2 (3.1-13.6) 0.9
Hyperglycemia (= 5.6 mmol/), n(%) * 33(27.1) 15 (27.8) 0.92
Body mass index, kg/m2 160 24.9 (15.2-47.2) 62 25.5 (15.3-41.2) 0.77
Obesity (230 kg/m?), n(%) 34 (21.2) 15 (24.2) 063
Waist circumference, cm 92 (64-155) 92 (48-137) 0.46
Obesity in women (280 ¢m) ,n(%) ° 150 58 (71.6) 61 21 (65.6) 0.53
Obesity in men (294 cm) ,n(%) * 39 (56.5) 18 (62.1) 0.61
Systolic blood pressure, mm Hg 135 120 (91-182) 63 120 (88-177) 0.76
Hypertension (2140 mm Hg) ,n(%) ° 32(23.7) 16 (25.4) 0.79
Diastolic blood pressure, mm Hg 135 76 (50-113) 63 77 (58-106) 0.5
Hypertension (290 mm Hg) ,n(%) ° 35(25.9) 18 (28.6) 0.69

* Treatment duration: period of the current psychotropic treatment. This variable was categorized into four categories according to the
number of days of psychotropic treatment as follow: 0: 0 days i.e baseline before the prescription of the studied drug; 1: from 210 to
<45 days; 2: from 245 to <135 days; 3: from 2135 to <535 days.

2 Lipid levels thresholds were defined according to ESH/ESC guidelines(2). Patients with treated dyslipidemia (S2 Table) were also
included in the abnormal lipid levels category.

3 Triglyceride levels were collected in fasting conditions.

* Threshold for fasting glucose levels (5.6 mmol/l) was defined according to IDF definition(3). Patients with treated diabetes (S2
Table) were also included in the abnormal glucose levels category.

® Waist circumference thresholds (=80 cm for women and 294 cm for men) were defined according to IDF definition(3).

8 Hypertension thresholds (2140 mm Hg for systolic blood pressure and = 90 mm Hg for diastolic blood pressure) were defined
according to ESH/ESC guidelines(2). Patients with treated hypertension (S2 Table) were also included in the abnormal hypertension
category.

P values were calculated using Wilcoxon-Mann-Whitney tests or Chi2 tests between the two psychiatric samples. Values in bold are
significant.

Abbreviations: IDF: International Diabetes Federation.ESH/ESC: European Society of Hypertension/European Society of Cardiology.
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S3 Table. Genotype frequencies in two Caucasian psychiatric samples.

MAF

Psychiatric sample T;’rf)a' n (%) HWE | MAF n'::';

CEU

SH2B1 rs3888190 C>A cc CA AA 0.36
Discovery sample 356 | 143 (40.3)| 171 (47.9) | 42 (11.7) | 039 | 0.36
Replication sample 140 |66 (47.14)| 57 (40.71) | 17 (12.14) | 0.39 | 0.32

RABEP1 rs1000940A>G AA AG GG 0.35
Discovery sample 356|185 (51.9)| 141(39.6) | 30(84) | 067 | 0.28
Replication sample 140 | 67 (482) | 59 (42.4) | 13(9.3) | 0.93 | 030

Deviation from Hardy Weinberg Equilibrium (HWE) and minor allele frequencies (MAF) observed in our samples and

referred in HapMap are indicated.
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0.0653
n=189

factor(rs10182181)=1,2
factor(rs10T82181)=0

0.039319
n=139

factor(rs17024393)=0 factor(rs7903146)=0,1
factor(rs17624393)=1 factor(rs7903146)=2
0.02489 0179 0.086952 025552
factor(rs17094222)=1,2 factor(rs10988576)=1,2
factor(rs17084222)=0 factor(rs10868576)=0
-0.039801 0.057236 000786
n=42 n=84
age>~T1 factor(rs7903146)=0,1 factor(rs7509312)=2
agex 71 factor(rs7983146)=2 factor(rs7589312)=0,1
0- 0.0032392 0.018579 0045454 02544
n=7 n=35 n=55 =12 n=9
factor(rs47§7491)=0,1 factor(rs12286929)=0,2 factor(rs3101336)=2
factor(rs4787491)=2 factor(rs12286929)=1 factor(rs3101336)=0,1
0055113 013055 004 0079995 00029773 019
n=24 n=11 n=27 n=28 n=10 n=19

S1 Fig. Tree structure of the classification and regression tree (CART) analysis for the evolution of TC levels within the first category
of psychotropic treatment duration (i.e from 10 to 45 days of treatment). Each node indicates the mean of TC difference (within
the current psychotropic treatment duration) and the number of observations.
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2

Proportion of patients with abnormal LDL levels

0 [10-45] [45-135[ [135-535]
Treatment duration (days)

677

Proportion of patients with abnormal LDL levels

I 13883190 CC N rs3888190 CA/AA

S2 Fig. a. Evolution of the proportion of patients with abnormal LDL values (23mmol/| or prescription of a lipid-lowering
medication) during psychotropic treatment according to rs3888190C>A genotype. b. Overall proportion of patients with abnormal
LDL values (23mmol/| or prescription of a lipid-lowering medication) according to rs3888190C>A genotype.

Numbers of observations are indicated above each category. *:p-value of Chi’ test<0.05.
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Proportion of patients with abnormal glucose levels
0

[0-45] ) [45-535]
Treatment duration (days)

*

A 15 2 25
L 1

Proportion of patients with abnormal glucose levels
.05
1

0
1

I 51000940 AA [ rs1000940 AG/GG

S3 Fig. a. Evolution of the proportion of patients with abnormal fasting glucose values (25.6mmol/I or prescription of an
antidiabetic medication) during psychotropic treatment according to rs1000940A>G genotype. The first two periods, as well as the
last two periods of psychotropic treatment were pooled together for statistical power purposes. b. Overall proportion of patients
with abnormal fasting glucose values (25.6mmol/| or prescription of an antidiabetic medication) according to rs1000940A>G
genotype.

Numbers of observations are indicated above each category. *:p-value of Chi’ test<0.05.
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TSSUE CDC37P1 EIF3C EIF3CL SH2B1 SULT1A2 TUFM a2z
SNP P-value B SNP P-value B SNP P-value B SNP P-value B SNP P-value B SNP. P-value B SNP P-value B

rs3888190 200E-23 0.78 rs3888190 00000023 0.32 rs3888190 7.80E-10 0.39 rs3888190 7.70E-11 -02 rs3888190 1.10E-16 053 rs3888190 2.00E-10 0.31
rs62037371 1.90E-24 0.8 rs62037371 0.0000015 032 rs62037371 3.20E-10 04 rs62037371 4.20E-11 -02 rs62037371 3.10E-17 054 rs62037371 3.70E-10 031
rs8055138 160E-24 08 rs8055138 00000015 032 rs8055138 3.00E-10 04 rs8055138 4.30E-11 <02 rs8055138 2.90E-17 054 rs8055138 4.00E-10 031
rs7498555  6.70E-21 0.77 rs7498555 1.60E-07 0.36 rs7498555 1.30E-11 044 rs7498555 140E-09 -0.19 rs7498585 1.20E-17 0.57 rs7498565 1.00E-10 0.33
rs8061590  1.50E-24 0.81 rsB061590 7.80E-07 0.33 rsB061590 5.20E-11 042 rs8061590 1.20E-10 -02 rsB061590 1.70E-16 054 rsB061590 140E-09 03
rs62037369 1.10E-20 0.76 rs62037369 1.50E-07 036 rs62037369 1.90E-11 044 rs62037369 1.10E-09 -0.19 rs62037369 1.70E-17 056 rs62037369 5.50E-11 0.33
rs7498665 1.90E-24 0.8 rs7498665 00000015 032 rs7498665 3.20E-10 0.4 rs7498665 4.20E-11 -02 re7498665 3.10E-17 054 rs7498665 3.70E-10 031
rs8055982 1.90E-24 08 rs8055982 00000015 032 rs8055982 3.20E-10 04 rs8055982 4.20E-11 <02 rs8055982 3.10E-17 054 rs8055982 3.70E-10 031
rs7198606  1.90E-24 0.8 rs7198606 00000015 0.32 rs7198606 3.20E-10 04 rs7198606 4.20E-11 -0.2 rs7198606 3.10E-17 0.54 rs7198606 3.70E-10 0.31
re62037367 1.90E-24 0.8 rs62037367 0.0000015 032 rs62037367 3.20E-10 0.4 rs62037367 4.20E-11 0.2 rs62037367 3.10E-17 0.54 rs62037367 3.70E-10 031
rs4788102  1.10E-23 079 rs4788102 0.0000012 0.33 rs4788102 2.00E-10 0.41 rs4788102 6.70E-11 -0.2 rs4788102 1.50E-17 0.55 rs4788102 4.00E-10 0.31
rs11861174 190E-24 08 rs11861174 00000015 032 rs11861174 3.20E-10 04 rs11861174 4.20E-11 -02 811861174 3.10E-17 054 rs11861174 3.70E-10 031
rs12446589 1.50E-21 0.77 rs12446589 1.10E-07 036 rs12446589 280E-11 043 rs12446589 190E-09 -0.19 rs12446589 1.50E-17 056 rs12446589 1.40E-10 0.32
re62037365 1.90E-24 0.8 rs62037365 0.0000015 0.32 rs62037365 3.20E-10 0.4 rs62037365 4.20E-11 0.2 rs62037365 3.10E-17 0.54 rs62037365 3.70E-10 031
re62037364 8.90E-24 0.79 rs62037364 0.0000013 033 rs62037364 4.50E-10 0.4 rs62037364 180E-10 -0.19 rs62037364 540E-17 0.54 rs62037364 5.00E-10 031
rs4788101  1.90E-24 0.8 rs4788101 0.0000015 0.32 rs4788101 3.20E-10 04 rs4788101  4.20E-11 0.2 rs4788101 3.10E-17 0.54 rs4788101 3.70E-10 0.31
rs7205323 1.30E-24 0.8 rs7205323 0.0000012 0.33 rs7205323 2.30E-10 04 rs7205323  3.30E-11 -0.2 re7205323 B8.60E-17 0054 rs7205323 7.10E-10 03
rs80276162 1.50E-24 081 rs80275162 0.0000071 0.31 rs80275162 3.00E-09 0.39 rs80275162 6.10E-11 <02 rs80275162 2.50E-16 054 rs80275162 4.00E-10 031
rs9972693 1.90E-24 0.8 rs9972693 00000015 0.32 rs9972693 3.20E-10 04 rs9972693 4.20E-11 0.2 rs9972693 3.10E-17 0.54 rs9972693 3.70E-10 0.31
rs7187776  1.60E-17 066 rs4788099 00000015 032 rs7187776 240E-08 034 rs7187776 2.10E-08 -0.17 rs7187776 6.80E-15 049 rs7187776 9.40E-16 037
rsd4788099 1.90E-24 0.8 rs61737665 0.0000015 0.32 rs4788099 3.20E-10 0.4 rs4788099  4.20E-11 0.2 rs4788099 3.10E-17 054 rs4788099 3.T0E-10 0.31
rs61737565 1.90E-24 0.8 rs28403629 0.0000015 032 rs61737565 3.20E-10 04 rs617375656 4.20E-11 -0.2 rsB1737665 3.10E-17 0.54 rs61737565 3.70E-10 0.31
rs28403629 1.90E-24 08 rs3088215 00000015 032 rs28403629 3.20E-10 04 rs28403629 4.20E-11 0.2 rs28403629 3.10E-17 054 rs28403629 3.70E-10 0.31
re3088215 1.90E-24 08 rs12325113 1.50E-07 036 rs3088215 3.20E-10 04 rs3088215 4.20E-11 02 rs3088215 3.10E-17 054 rs3088215 3.70E-10 0.31
rs12325113  1.10E-20 0.76 rs55830740 00000015 032 rs12325113 1.90E-11 044 rs12325113 1.10E-09 -0.19 rs12325113 1.70E-17 056 rs12325113 5.50E-11 0.33
rs65830740 1.90E-24 0.8 rs55719896 0.0000015 0.32 rs55830740 3.20E-10 04 rs55830740 4.20E-11 -0.2 re55830740 3.10E-17 0.54 rs55830740 3.T0E-10 0.31
rs65719896 1.90E-24 0.8 rs56404918 0.0000015 032 rs55719896 3.20E-10 04 rs55719896 4.20E-11 -0.2 56719896 3.10E-17 054 rs65719896 3.70E-10 031
rs66404918 1.90E-24 0.8 rs12444171 00000015 032 rs66404918 3.20E-10 0.4 rs56404918 4.20E-11  -0.2 rs56404918 3.10E-17 0.54 rs66404918 3.70E-10 0.31
rs12444171  190E-24 08 rs62036657 0.0000015 032 rs12444171 320E-10 04 rs12444171 4.20E-11 02 1812444171 3.10E-17 054 rs12444171 3.70E-10 031
re62036657 1.90E-24 0.8 rs62036626 0.0000015 0.32 rs62036657 3.20E-10 0.4 rs62036657 4.20E-11 0.2 rs62036657 3.10E-17 0.54 rs62036657 3.70E-10 031
rs62036626 1.90E-24 0.8 rs56358680 0.0000015 0.32 rs62036626 3.20E-10 04 rs62036626 4.20E-11 -0.2 62036626 3.10E-17 0.54 rs62036626 3.70E-10 0.31
rs66358680 1.90E-24 0.8 rs56991677 0.0000015 032 rs56358680 3.20E-10 04 rs56358680 4.20E-11 -0.2 rs56358680 3.10E-17 0054 rs56358680 3.70E-10 0.31
rs65991577 1.90E-24 0.8 rs12443881 1.60E-07 036 rs55991577 3.20E-10 04 rs56991577 4.20E-11 -0.2 rs56991677 3.10E-17 0654 rs66991577 3.70E-10 0.31

& rs12443881 S5.00E-21 077 rs72793812 1.40E-07 036 rs12443881 230E-11 044 rs12443881 S00E-10 -0.19 re12443881 2.30E-17 056 re12443881 5.10E-11 033
3 rs72793812 7.30E-21 0.77 rs62036624 00000014 033 rs72793812 1.80E-11 044 rs72793812 120E-09 -0.19 rs72793812 2.00E-17 056 rs72793812 5.90E-11 0.33
= rs62036624 270E-24 0.8 rs72793811 1.50E-07 036 rs62036624 280E-10 0.4 rs62036624 4.60E-11 -0.2 rs62036624 240E-17 055 rs62036624 3.70E-10 0.31
§ rs72793811 1.10E-20 076 rs8062405 00000012 033 rs72793811 1.90E-11 044 rs72793811 1.10E-09 -0.19 rs72793811 1.70E-17 056 rs72793811 5.50E-11 033
S rs8062405  8.80E-24 079 rs62036622 7.50E-08 0.37 rsB062405 2.20E-10 04 rs8062405 6.50E-11  -0.2 rs8062405 2.80E-17 0.54 rs8062405 1.10E-10 0.32
2 rs62036622 1.40E-21 078 rs4451951 0.0000012 032 rs62036622 6.70E-12 045 rs62036622 9.BOE-10 -0.19 rs62036622 1.00E-17 057 re62036622 1.30E-10 0.33
. rs4451951 370E-26 08 rs62036621 B.20E-07 0.33 rsd451951 140E-10 04 rs4451951 450E-12 02 rsdd51951 6.70E-17 052 rsdd51951 6.30E-10 03
H re62036621 1.80E-25 0.81 rs62036620 8.20E-07 0.33 re62036621 1.30E-10 0.41 rs62036621 3.60E-11 0.2 rs62036621 1.90E-17 0.55 rs62036621 8.20E-10 0.3
g, rs62036620 1.80E-25 081 rs4788095 B8.20E-07 033 rs62036620 1.30E-10 041 rs62036620 360E-11 0.2 rs62036620 1.90E-17 055 rs62036620 B8.20E-10 03
3 rs4788095  1.80E-25 0.81 rs62036617 8.20E-07 0.33 rs4788095 1.30E-10 041 rs4788095 360E-11  -0.2 rs4788095 1.90E-17 055 rs4788095 B8.20E-10 0.3
rs62036617 1.90E-25 081 rs62036616 3.30E-08 038 rs62036617 1.30E-10 041 rs62036617 3.60E-11 -0.2 rs62036617 1.90E-17 055 re62036617 7.80E-10 03
rs62036616 3.10E-22 079 rs1987472 B8.20E-07 033 rs62036616 210E-12 046 rs62036616 B90E-10 -0.19 rs62036616 5.10E-17 056 rs62036616 1.30E-10 0.33
rs1987472  1.90E-25 0.81 rs2008514 8.20E-07 0.33 rs1987472 1.30E-10 041 rs1987472 360E-11 -0.2 rs1987472 1.90E-17 055 rs1987472 8.20E-10 0.3
rs2008514  1.80E-25 0.81 rs7359397 1.50E-07 0.36 rs2008514 1.30E-10 041 rs2008514 3.60E-11 02 rs2008514 200E-17 055 rs2008514 B820E-10 03
re7359397  1.10E-20 076 rs62037363 0.0000012 0.33 rs7359397 1.90E-11 044 rs7359397 1.10E-09 -0.19 rs7359397 1.70E-17 056 rs7359397 6.50E-11 0.33
rs62037363 7.70E-25 0.8 rs56040780 0.0000015 032 rs62037363 220E-10 04 rs62037363 3.50E-11 -0.2 rs62037363 1.10E-16 053 rs62037363 7.40E-10 03
rs56040780 1.90E-24 08 rs11864107 0.0000018 032 rs56040780 3.20E-10 04 rs56040780 4.20E-11 -02 rs56040780 3.10E-17 064 rs56040780 360E-10 031
rs8049439  240E-18 067 rs7193733 00000015 032 rs8049439 960E-09 0.35 rs8049439 180E-08 -0.17 rs8049439 1.30E-15 05 rs8049433 2.10E-15 037
rs11864107 4.80E-24 0.79 rs12448902 3.30E-07 035 rs11864107 560E-10 039 rs11864107 140E-10 -0.19 rs11864107 1.60E-16 053 rs11864107 4.30E-10 0.31
rs7193733 4.40E-25 081 rs7187333 1.60E-07 0.36 rs7193733 270E-10 04 rs7193733  6.10E-11 02 rs7193733 S5.10E-18 055 rs7193733 840E-10 03
rs12448902 140E-20 076 rs9972768 0.0000015 032 rs12448902 1.10E-10 042 rs12448902 190E-09 -0.19 rs12448902 1.10E-16 0.55 rs12448902 2.00E-11 0.34
rs7187333  1.70E-21 077 rs78613234 00000014 033 rs7187333 240E-11 043 rs7187333 6.00E-10 -0.19 rs7187333 1.20E-16 0.55 rs7187333 1.10E-10 0.33
rs9972768  1.90E-24 0.8 rs72793808 B8.20E-07 033 rs9972768 3.20E-10 04 rs9972768 4.20E-11 -0.2 rs9972768 3.10E-17 054 rs9972768 3.70E-10 0.31
rs78613234  250E-24 0.8 s11860513 6.90E-07 033 rs78613234 280E-10 04 rs78613234 4.50E-11 0.2 rs78613234 260E-17 054 rs78613234 3.70E-10 031
rs72793809 1.80E-25 0.81 rs62036614 2.20E-08 0.39 rs72793809 1.30E-10 0.41 rs72793809 3.60E-11 0.2 rs72793809 1.90E-17 055 rs72793809 8.20E-10 03
rs11860513 460E-25 081 rs12928404 0.000014 027 rs11860513 1.20E-10 041 rs11860513 3.70E-11 0.2 rs11860513 1.30E-17 055 rs11860513 5.30E-10 031
rs62036614 5.50E-22 079 rs11864750 0.000002 0.32 rs62036614 3.90E-12 0.46 rs62036614 1.70E-09 -0.19 rs62036614 2.50E-17 0.56 rs62036614 2.30E-10 0.33
rs12928404 4.70E-16  0.61 rs11150609 0.0000015 0.32 rs12928404 7.10E-09 0.35 rs12928404 140E-07 -0.15 rs12928404 4.90E-15 047 rs12928404 9.30E-15 035
rs11864750 7.00E-24 079 s62036658 360E-07 035 rs11864750 3.30E-10 0.4 rs11864750 B50E-11 02 rs11864750 9.dOE-17 0.54 rs11864750 1.20E-09 03
rs11150609 1.90E-24 0.8 rs56186137 8.20E-07 0.33 rs11150609 3.20E-10 0.4 rs11150609 4.20E-11 0.2 rs11150609 3.10E-17 0.54 rs11150609 3.70E-10 0.31
rs62036658 4.00E-19 074 rs62036658 360E-11 044 rs62036658 260E-09 -0.19 rs62036658 3.50E-17 0.56 rs62036658 6.80E-10 0.32
rs56186137 1.90E-25 0.81 rs56186137 1.30E-10 0.41 rs56186137 3.60E-11 -02 rs56186137 1.90E-17 055 rs56186137 8.10E-10 03
rs7191618  3.80E-19 071 rs7191618 0.0000024 03 rs7191618 140E-08 -0.17 rs7191618 120E-24 063 rs7191618 4.60E-08 027
rsd788083  240E-19 072 rsd788083  0.0000022 0.31 rs4788083 2.70E-09 -0.18 rs4788083 1.80E-24 063 rsd788083 3.00E-08 0.28
rs4788084 5.90E-21 0.75 rs4788084 6.30E-07 0.33 re4788084 2.30E-09 -0.18 re4788084 3.00E-23 063 re4788084 3.10E-09 03
rs62034326 7.60E-21 0.75 rs62034326 7.20E-07 032 rs62034326 260E-09 -0.18 rs62034326 3.50E-23 0.63 rs62034326 3.30E-09 03
rs62034324 6.40E-20 0.75 rs62034324 3.50E-07 0.34 rs62034324 3.10E-09 -0.19 rs62034324 1.00E-22 0.63 rs62034324 9.00E-09 0.29
rs28772958 1.00E-19 0.73 rs28772958 7.60E-07 032 rs28772958 440E-09 -0.18 rs28772958 5.00E-23 062 rs28772958 S5.50E-08 027
rs4788085 1.00E-19 072 rs4788085  7.40E-07 0.32 rs4788085 4.80E-09 -0.18 rsd788085 4.90E-23 062 rsd788085 6.10E-08 027
rs28698667 7.50E-21 0.75 rs28698667 7.00E-07 032 rs28698667 250E-09 -0.18 rs28698667 3.20E-23 063 rs28698667 3.30E-09 03
rs62034319  1.60E-21 075 rs62034319 6.50E-07 032 rs62034319 B810E-09 -0.18 rs62034319 4.10E-24 063 rs62034319 2.90E-08 028
rs240702  2.50E-21 075 8240702 6.80E-07 0.32 rs240702  940E-09 -0.17 rs240702 1.30E-24 063 rs240702  5.00E-08 027
rs153106 5.00E-21 0.75 3153106 7.20E-07 032 rs153106 100E-08 -0.18 rs153106 2.00E-25 065 rs153106 360E-08 027
rs7202948 4 50E-20 0.72 7202948 0.000001 031 rs7202948  170E-08 -0.17 rs7202948 9.40E-25 063 rs7202948  190E-08 028
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SNP Povalue Povalue SNP___P-value Povaiue Povaiue

33888180  1.10E-11 153888190 BS0E-11 051 312928404 00000052 021
962037371 1.10E-11 962037371 B50E-11 051
138055138 1.10E-11 138055138  9.90E-11 051
137498555  6.30E-07 137498555 170610 053
138061590  4.30E-11 38061590 360E-10 05
862037369  6.60E-07 862037369 670€-11 054
187498665 1.10E-11 137498665 B50E-11 051
110811 850E-11 051
137198606 1.10E-11 rS7198606 8.50E-11 051
362037367  1.10E-11 362037367 8.50E-11 051
134788102 8.10E-11 rs4788102 1.00E-10 051
811861174 110611 511861174 850E-11 051
812446589 110607 312446589 5.40E-11 054
962037365  1.106-11 62037365 B50E-11 051
862037364 1.60E-11 362037364 1.10E-10 051
134788101  1.108-11 84788101 8.50E-11 051
37208323 1.208-11 37208323 B40E-11 051
880275162 5.90E-10 380275162 200€-11 053
110811 159972633  B.50E-11 051
7187776 2.30E- STIBTTT6  BO0E-11 051
134788099 1.10E-11 B50E-11 051
961737565  1.10E-11 961737565 B850E-11 051
110811 128403629 B50E-11 051
15 110811 83088215  8.50E-11 051
312325113 6.60E-07 512325113 054
855830740  1.10E-11 051
1885719896 1.10E-11 081
336404918 1.10E-11 051
812444171 1106411 081
862036657  1.10E-11 051
962036626  1.10E-11 081
856350680  1.10E-11 051
885991577  1.10E-11 051
312443881 3.80E-07 134788095 055
72793812 520607 362036617 054
962036624 1.80E-11 131987472 081
72793811 6.80E-07 32008514 054
210611 1362037363 051
710607 1356040780 085
134451951 1.30E-11 138049439 05
d 962036621  7.206-12 311864107 051
96206620  7.00E-12 37193733 051
134788095  5.30E-12 139972768 051
862036617  290E-12 378613234 051
362036616  6.90E-07 372793809 054
51987472 2.0B-12 311860513 051
2008514 2206-12 1311864750 051
7359397  6.60E-07 311150609 054
962037363 8.00E-12 1356186137 051
856040780  1.10E-11 7191618 051
138049439 1.30E- rs4788083 052
11864107  1.10E-11 rs4788084 051
87193733 B.00E-12 1362034326 052
LY 210607 362034324 054
7187333 220607 28772958 054
89972768 1.10E-11 134788085 081
78613234 1.60E-11 1328698667 051
372783809  6.20€-12 1862034319 051
311860513 230E-12 13240702 05
196206614  6.70E-07 3153108 055
312928404  3.80E-09 37202948 049
811864750  5.60€-12 051
811150609  1.10E-11 o0s1
362036658 0.0000015 1862036658 085
856186137 2.30E-12 386186137 820E-11 051
7191618 200809 37191618 4.00E-16 061
788083 4.40E-09 rs4T88083  140E-16 061
134788084  3.10E-10 134788084 6.40E-17 062
3.106-10 862034326 660E-17 062
362034324 8.50E-10 862034324  310E-17 063
528772958  4.40E-09 28772958 140E-16 061
134788085  4.40E-09 134788085  140E-16 061
1328698667  310E-10 328698667 650E-17 062
962034319 260E-09 962034319 250E-17 062
15240702 4.206-09 240702 400E-17 062
8153106 6.60E-10 3153106 2706-17 062
137202948 270E-:09 137202948 _3.00E-16 062
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T SHP Povalie @ SNP. Pvalve SHP. Palie SNP Poalue SNP___ Poale SNP. Povaie SNP. Povalue
33888190 270E08  0.39
62037371  270E08 039
8088138 270E08 039
7498655  360EOT 038
38061690  3.00E08 038
362037369 3E0ED7 038
37436665 270E08 039
38055982  270E0B 039
rS7196606  270E-08 039
r$62037367 270608 039
4788102 270E08 039
311861174 270608 039
512445569  3E0E-07  0.38
662037365 270608 039
7: 240608 039
54788101  270E08 039
47208323 430E0B 038
rs80275162 140608 039
139572693  270E08 039
n71ETTT6 00000027 033
84788089 270E08 039
re61737565 270E08 039
52840629 270E08 039
3088215 270608 039
612325113 36007 038
30740 270608 039
riS57198% 270E08 039
918 270E08 038
12444171 270608 039
7 270608 039
362036525 270608 039
270608 039
re85991577 270E08 039
512443881 360E07 038
S72793812  5E0EQ7 037
36624 270608 039
72793811 360E-07 038
H 158062405  5.10E-08 038
a 3K0ED7 038

rs56186137 270608 039

34786083  S20E-11 048

S4 Fig. eQTL data of rs3888190 and its proxies (r220.8) Cis-association data of significant SNPs influence on the expression of nearby
genes were extracted from the Genotype-Tissue Expression (GTEX) project, a public source (http://www.gtexportal.org/home/) with
available expression Quantative Trait Loci (eQTL) data of 7051 samples from 44 different tissues and for genome-wide genetic
variations (Illumina OMNI 5M SNP Array)(4)
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DHX33 | RPAIN | NUP88 | RABEP1

Ta3ve SNP P-value B SNP P-value f8 SNP P-value B SNP P-value B
o rs3026101  0.0000069 -0.17 rs1000940 1.40E-08 -0.24
. g rs58351927 0.0000061 -0.17 rs3026101 4.70E-09 -0.25
%2 rs12600578 0.0000061 -0.17 rs16954604 2.80E-08 -0.23
gg rs1806263 0.00001 -0.17 rs58351927 1.80E-08 -0.24
3 2 rs1806246 0.0000051 -0.18 rs12600578 1.80E-08 -0.24
& rs1806263 3.90E-08 -0.23

rs1806246 1.60E-08 -0.24

o]
s | Adrenal Gland
3

rs3026101 0.0000031 0.51
rs1000940 4.50E-07 -0.7
rs3026101 1.00E-07 -0.73

E rs16954604 1.00E-07 -0.73
£ rs58351927 1.00E-07 -0.73
= rs12600578 1.00E-07 -0.73
rs1806263 9.60E-08 -0.74

rs1806246 9.70E-08 -0.74

rs1000940  0.0000028 -0.22 rs1000940 2.00E-16 -0.41
rs3026101 0.000005 -0.22 rs3026101 1.50E-16 -0.41

!; rs16954604 0.0000027 -0.22 rs16954604 3.00E-16 -0.4
s rs58351927 0.0000027 -0.22 rs58351927 3.00E-16 -0.4
E rs12600578 0.0000027 -0.22 rs12600578 3.00E-16 -0.4
rs1806263  0.0000057 -0.22 rs1806263 4.50E-16 -0.4
rs1806246  0.0000036 -0.22 rs1806246 9.20E-17 -0.41

S5 Fig. eQTL data of rs1000940 and its proxies r220.8 Cis-association data of significant SNPs influence on the expression of nearby
genes were extracted from the Genotype-Tissue Expression (GTEx) project, a public source (http://www.gtexportal.org/home/) with
available expression Quantative Trait Loci (eQTL) data of 7051 samples from 44 different tissues and for genome-wide genetic
variations (lllumina OMNI 5M SNP Array)(4)
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Influence of polygenic risk scores on lipid levels and
dyslipidemia in a psychiatric population receiving weight
gain-inducing psychotropic drugs

Aurélie Delacrétaz®, Patricia Lagares Santos® Nuria Saigi Morgui®,
Frederik Vandenberghe?, Anais Glatard®, Mehdi Gholam-Rezaee®,

Armin von Gunten®, Philippe Conus® and Chin B. Eap®®

Objectives Dyslipidemia represents a major health issue
in psychiatry. We determined whether weighted polygenic
risk scores (WPRSs) combining multiple single-nucleotide
polymorphisms (SNPs) associated with lipid levels in the
general population are associated with lipid levels [high-
density lipoprotein (HDL), low-density lipoprotein (LDL),
total cholesterol (TC), and triglycerides] and/or dyslipidemia
in patients receiving weight gain-inducing psychotropic
drugs. We also determined whether genetics improve the
predictive power of dyslipidemia.

Patients and methods The influence of wPRS on lipid
levels was firstly assessed in a discovery psychiatric sample
(n=332) and was then tested for replication in an
independent psychiatric sample (n =140). The contribution
of genetic markers to predict dyslipidemia was evaluated in
the combined psychiatric sample.

Results wPRSs were significantly associated with the four
lipid traits in the discovery (P <0.02) and in the replication
sample (P < 0.03). Patients whose wPRS was higher than
the median wPRS had significantly higher LDL, TC, and
triglyceride levels (0.20, 0.32 and 0.26 mmol/I, respectively;
P <0.004) and significantly lower HDL levels (0.13 mmol/I;
P < 0.0001) compared with others. Adding wPRS to clinical
data significantly improved dyslipidemia prediction of HDL

Introduction

Cardiovascular diseases have become a major public health
burden, with their prevalence increasing considerably over
the past decades [1,2]. Dyslipidemia, in particular abnormal
plasma levels of circulating lipoproteins, is a clinical con-
dition contributing to the development of atherosclerosis
and cardiovascular diseases, for example, coronary artery
diseases, strokes, and peripheral artery diseases [3-8]. In
addition to being influenced by environmental factors such
as diet, lifestyle, and other environmental factors, plasma
lipid levels are determined by the genetic background as
well [9]. Although several forms of monogenic dyslipide-
mia associated with critical lipid level changes have been

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of this
article on the journal's website (www.pharmacogeneticsandgenomics.com).
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(P=10.03) and a trend for improvement was observed for the
prediction of TC dyslipidemia (P=0.08).

Conclusion Population-based wPRSs have thus
significant effects on lipid levels in the psychiatric
population. As genetics improved the predictive power of
dyslipidemia development, only 24 patients need to be
genotyped to prevent the development of one case of HDL
hypocholesterolemia. If confirmed by further prospective
investigations, the present results could be used for
individualizing psychotropic treatment. Pharmacogenetics
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described, the most prevalent form of dyslipidemia has
polygenic causes, resulting from the combination of many
common, rare, and copy number genetic variants with a
substantial contribution of environmental factors [9].

In the psychiatric population, the use of psychotropic
medications such as antipsychotics (most atypical but also
some typical), mood stabilizers (e.g. lithium and valproate),
and some antidepressants (e.g. mirtazapine) worsen patients’
metabolic condition (e.g. weight gain and/or alteration of lipid
and glucose metabolism) [10,11]. Dyslipidemia, defined as
high total cholesterol (TC), low-density lipoprotein (LDL)-
cholesterol, triglyceride (TG), andfor low high-density
lipoprotein (HDL)-cholesterol levels, constitutes a consider-
able risk factor for cardiovascular diseases in the psychiatric
population as its prevalence was shown to increase as much
as 60% [12]. Some factors were associated with psychotropic

DOI: 10.1097/FPC.0000000000000313
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drug-induced metabolic complications, including female sex,
low baseline BMI, young age, or non-Caucasian ethnicities
[13]. In addition, many genetic susceptibilities as variations
in pharmacodynamic receptors or in energy homeostasis
regulating genes were associated with metabolic adverse
effects [14-18]. For instance, previous studies demonstrated
the influence of SHT ;¢ serotonin and H; histamine recep-
tors on weight gain induced by psychotropic drugs [19,20].
Although mechanisms underlying psychotropic-induced
dyslipidemia are only partially understood, recent studies
suggested a role of the sterol regulatory element-binding
protein pathway [21]. Thus, olanzapine, clozapine, and ris-
peridone were shown to promote the up-regulation of sterol
regulatory element-binding protein, leading to enhanced
lipid and cholesterol synthesis in mice [22,23].

With the rapid emergence of genome-wide association
studies (GWAS), many genetic variants in association
with metabolic phenotypes were discovered in the last
decade [24-26]. Two recent GWAS meta-analyses from
the Global Lipids Genetics Consortium and the Engage
Consortium were conducted to reveal associations between
abnormal lipid levels and single-nucleotide polymorphisms
(SNPs) in the general population [27,28]. When considered
individually, these genetic variants have shown minor
effects on lipid phenotypes. As an alternative method
of testing individual SNP effect, integrating data from
numerous SNPs in the construction of a polygenic risk
score (PRS) allows to better integrate the global informa-
tion of these numerous little effects [29], with small
effects increasing the consistency and power to determine
genetic risk in polygenic diseases such as dyslipidemia [30].
Although several PRSs were determined as significant
predictors of obesity, diabetes, and dyslipidemia [31-33],
associations between PRS and dyslipidemia among the
psychiatric population have never been established.

The aim of the present study was to investigate whether
PRSs combining multiple risk-associated SNPs from two
lipid meta-analyses were associated with dyslipidemia-
related traits (HDL, LDL, TC, and TG) in patients from
Lausanne University Hospital receiving psychotropic
drugs known to induce worsening of metabolic para-
meters. Furthermore, the predictive power of models
containing only clinical data was compared with models
including both clinical and genetic data to examine
whether models including genetics could be useful
enough to be applied in clinical settings.

Patients and methods

Psychiatric samples

A prospective cohort study approved by the local ethics
committee is ongoing in Lausanne Psychiatric University
Hospital since 2007. In total, 472 patients of European
ancestry who started treatment with atypical antipsychotics
(amisulpride, aripiprazole, clozapine, olanzapine, quetiapine,
paliperidone, and risperidone), mood stabilizers (lithium
and valproate), and/or antidepressants (mirtazapine) were

included in the present analysis. Patients without available
prospective lipid values were excluded from the analyses.
Further description of the psychiatric samples was published
elsewhere [15] and in Supplementary Material (Supplemental
digital content 1, Zup://links.kow.com/FPC/B279). All indivi-
duals or their legal representatives signed a written informed
consent for genetic analyses. Low HDL-cholesterol, high
LDL-cholesterol, high TG, and high TC levels were defined
by HDL hypocholesterolemia (< 1 mmol/l), LDL hyperch-
olesterolemia (>3 mmol/l), hypertriglyceridemia (>2 mmol/l),
and hypercholesterolemia (>5 mmol/l), respectively, and/or
by the prescription of a lipid-lowering agent [34], according
to European Society of Hypertension/European Society of
Cardiology guidelines [35].

The discovery sample consisted of 332 patients from the
aforementioned cohort with psychotropic treatments
starting between 2007 and 31 December 2010. The
replication sample was composed of 140 patients of the
same cohort with treatments starting between 1 January
2011 and 2014. Only patients of European ancestry were
included in the analysis. More details are present in
Supplementary Material (Supplemental digital content 1,
http:l/links.kow.com/FPCIB279).

Single-nucleotide polymorphism selection, genotyping,
and construction of the polygenic risk score
Single-nucleotide polymorphism selection

A meta-analysis of 60 studies was performed by The
Global Lipids Genetics Consortium with data from
188 577 individuals of European, East Asian, South Asian,
and African ancestry using both GWAS and MetaboChip
array genotyping data [28]. In addition, a second meta-
analysis was conducted by the Engage Consortium with a
set of 62166 individuals of European ancestry from 22
GWAS [27]. Both population-based samples were used to
select genetic variants associated with lipid levels. In the
present study, p-coefficients (i.e. allele effects) were used
to assign weights to each variant for the calculation of PRS
in the psychiatric samples. More details in Supplementary
Fig. S1 (Supplemental digital content 1, Aup://links.lew.
com[FPCIB279) describes SNP selection.

Genotyping

CardioMetabochip genotyping of European ancestry
patients from the Lausanne Psychiatric University
Hospital study was performed using the Illumina 200K
CardioMetabochip (Illumina, San Diego, California, USA)
at the iGE3 genomics platform of the University of Geneva
(http:ffwww.ige3.unige.chlgenomics-platform.php). More details
are present in Supplementary Material (Supplemental
digital content 1, Aup://links.lww.com/FPCIB279).

Construction of the polygenic risk scores

One PRS was calculated by taking into account SNPs
from each GWAS meta-analysis (i.e. PRSwiye, and
PRSq,rakka) 10 association with each lipid phenotype,
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namely HDL, LDL, TC, and TG. In addition, according
to their respective inclusion criteria (Supplementary Fig.
S1, Supplemental digital content 1, Aup://links.kow.com/
FPCIB279), one PRS was calculated for each lipid phe-
notype by considering SNPs from both meta-analyses
(i.e. PRS ombined; 7 =73, 60, 72, and 47 SNPs for HDL,
LDL, TC, and TG, respectively). More details are pre-
sent in Supplementary Material (Supplemental digital
content 1, Atp://links.lww.com/FFPCIB279).

Statistical analyses

For the assessment of the influence of genetic para-
meters on dyslipidemia among psychiatric patients
throughout the psychotropic treatment duration, gen-
eralized additive mixed models (GAMMs) were used,
adjusting for covariates possibly associated with lipid
parameters, that is, BMI, age, sex, smoking status, and
psychotropic drug class. GAMMs were implemented
using the mgev and the nlme packages in R (settings
were fixed at package defaults) [36], in which parameter
uncertainties (confidence intervals and P values) were
computed using up to 100 000 bootstrap replicates with
replacement, performed on patient level. The explained
variance of weighted polygenic risk score (WPRS) on the
four lipid variables was calculated by running GAMM
with and without polygenic scores. All the statistical
analyses were performed using Stata 14 (StataCorp.,
College Station Texas, USA) and R software (version
3.2.3; Teddington, Middlesex, UK). P values less than or
equal to 0.05 of these two-sided models were considered
as statistically significant.

Receiver operating characteristic (ROC) curves were
used to compare the predictive power of models includ-
ing only clinical data with models containing both clinical
and genetic data using pROC and predictABEL. R
packages [37,38]. More details about area under the curve
(AUC) construction and interpretation are available in
Supplementary Material (Supplemental digital content 1,
httpflinks.kow.com/FPCIB279).

Evaluation of pharmacogenetic screening benefit

The clinical value of pharmacogenetic testing could be
assessed by calculating the number needed to genotype
(NNG). NNG defines the number of patients who would
need to be genotyped to prevent dyslipidemia for one
patient under psychotropic treatment [39]. Sensitivity for
the calculation of the NNG was chosen according to best
threshold coordinates for specificity and sensitivity of the
ROC curve including genetics and clinical data.

Results

Characteristics of psychiatric samples

Demographic and clinical characteristics of the discovery
(7=2332), replication (7#=140), and combined sample
(7=472) are presented in Supplementary Table S1
(Supplemental digital content 1, Z#p://links.kow.com/FPCIB279).

PRS and lipid levels in psychiatry Delacrétaz et al. 3

The combined sample included individuals of European
ancestry with a median age of 48 years (ranging from 12 to
97 years), of whom 53, 24, 50, and 17% had TC, HDL, LDL,
and TG dyslipidemia at baseline, respectively. Psychotic
disorders (F20: schizophrenia; F21: schizotypal disorder;
F22: delusional disorder; F23: brief psychotic disorder; F24:
shared psychotic disorder; F28: other psychotic disorder not
due to a substance or known physiological condition; and
F29: unspecified psychosis not due to a substance or known
physiological condition) were the most frequent diagnosis
(33%), quetiapine was the most frequently prescribed
psychotropic drug (34%), 35% of patients were smokers, and
44% were men. There was no significant difference regarding
demographic or clinical characteristics between the two psy-
chiatric samples, except lower baseline levels of TC and LDL
in the discovery sample compared with the replication sample
(4.7 vs. 5.2 mmol/l, P=0.002, and 2.6 vs. 3.0 mmol/l, 2= 0.005,
respectively). Between baseline and current psychotropic
treatment, the incidence of dyslipidemia (i.e. abnormal
lipid levels or treated dyslipidemia) development under
the current psychotropic treatment reached 8.6, 6, 5.8,
and 10.7% for TC, HDL, LDL, and TG, respectively.
Supplementary Figs S2-S6 (Supplemental digital content
1, hup:fflinks.low.com/FPC/B279) show the evolution of
lipid levels during psychotropic treatment stratified by
covariates taken into account in GAMM analyses, that
is, BMI, age, sex, smoking status, and psychotropic drug
class. More details are available in Supplementary Material
(Supplemental digital content 1, Aup://links.lkow.com/FPC/
B279).

Influence of polygenic risk score on lipid phenotype
worsening during psychotropic treatment
SNPs considered for the construction of the wPRS
for each lipid trait and each meta-analysis (from Global
Lipids Genetics Consortium and from Engage Consortium,
namely WPRSwijer and WPRSg, ks respectively) are listed
in Supplementary Tables S2-S13 (Supplemental digital
content 1, Aup://links.kow.com/FPC/B279). In the discovery
sample, WPRSwijer and wWPRSgyka calculated for each
phenotype were significantly associated with HDL,
LDL, TC, and TG (P <0.02) (Supplementary Table S14,
Supplemental digital content 1, Aup:/llinks.tww.com/FPC/
279). In the discovery sample, WPRS ompinea Were also
significantly associated with lipid levels (P<0.01) and
replicated in the independent psychiatric replication
sample (2 <0.01) (Table 1). In the combined psychiatric
sample using WPRS.ombineas €ach additional risk allele
significantly increased LDL, TC, and TG by 0.03, 0.04,
and 0.04 mmol/l, respectively, and decreased HDL by
0.02 mmol/l (Table 1; P<0.001, <0.00001, <0.0001 and
<0.00001, respectively). As analyses on WPRScombined in
the combined psychiatric sample showed significant asso-
ciations and because estimates between the discovery and
replication psychiatric samples were almost similar, further
analyses were conducted using only WPRS mpined in the
combined psychiatric sample. Details for further analyses
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Table 1

Association of weighted polygenic risk score groups (single-nucleotide polymorphisms selected from both meta-analyses) with

lipid traits in generalized additive mixed model adjusted with age, sex, BMI, medication, and smoking status in the discovery, replication, and

combined sample

Number of Number of Estimate [95% CI] Explained variability Explained variability
Phenotype SNPs patients (mmol/l) (%) by PRS (%) P-value

Discovery sample HDL 73 233 0.01 [0.01-0.02] 18.32 3.44 <0.001

LDL 60 211 0.08 [0.01-0.05] 16.056 1.85 0.004

TC 72 234 0.03 [0.02-0.05] 16.12 248 <0.001

TG 47 213 0.05 [0.03-0.06] 25.08 5.25 <0.01
Replication sample HDL 73 98 0.02 [0.01-0.03] 41.88 7.16 <0.01

LDL 60 92 0.04 [0.02-0.07] 145 8.86 <0.001

TC 72 102 0.06 [0.03-0.08] 17.53 6.63 <0.01

TG 47 86 0.08 [0.00-0.06] 26.87 3.93 <0.01
Combined sample HDL 73 331 0.02 [0.01-0.02] 22.79 433 <0.00001

LDL 60 303 0.03 [0.02-0.05] 13.61 34 <0.001

TC 72 336 0.04 [0.02-0.06] 156.91 3.25 <0.00001

TG 47 299 0.04 [0.03-0.06] 24.97 4.86 <0.0001

Explained variability (%) refers to models including all variables.

Caucasian patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG analyses.
Estimates indicate the influence of each additional risk allele on lipid levels (mmol/l). For instance, each additional risk allele significantly increases LDL by 0.03 mmol/|

[0.01-0.05].

Cl, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PRS, polygenic risk score; SNP, single-nucleotide polymorphism; TC, total cholesterol;

TG, triglyceride.

are available in Supplementary Material (Supplementary
Figs S7-S16 and Supplementary Table S15, Supplemental
digital content 1, A#p://links.lww.com/FPCIB279).

In accordance with previous results, significant differences
of the four lipid phenotype levels were observed between
percentile groups (P <0.004) (Table 2 and Fig. 1). Thus,
patients whose wPRS was lower than the median value of
all patients had significantly lower levels of LDL, TC, and
TG [0.20 mmol/l (0.04-0.36); 0.32 mmol/l (0.15-0.49);
0.26 mmol/l (0.13-0.38), respectively] and higher levels of
HDL [0.13 mmol/l (0.07-0.19)] compared with the others.

Predictive power of models containing clinical and
genetic variables

Predictive powers of models including genetics were not
improved compared with models including only clinical
variables for any of the four lipid traits, in neither the dis-
covery sample (Supplementary Fig. S17a, Supplemental
digital content 1, Aup:fllinks.kow.com/FPC/B279) nor the
replication sample (Supplementary Fig. S17b, Supplemental
digital content 1, /Zup:/llinks.kow.com/FPC/B279). In the
combined sample (Fig. 2), adding genetics to models did not
increase AUC for hypertriglyceridemia (AUC =0.75 vs. 0.74;
P=0.57) and for LDL hypercholesterolemia (AUC = 0.68 vs.
0.66; P=0.41). However, for HDL hypocholesterolemia,
AUC was significantly increased when adding genetics to the
clinical model (AUC=0.76 vs. 0.73; P=0.03), and for TC
hypercholesterolemia, a trend of AUC increase was observed
by adding genetics to the clinical model (AUC=0.73 vs.
0.70; P=0.08). More details are available in Supplementary
Table S16 (Supplemental digital content 1, Aup://links.fww.
com[FPCIB279). As fasting TG levels may vary considerably
following a high-fat diet, more stringent analyses were also
conducted considering hypertriglyceridemia only if patients
had at least two abnormal T'G values during the psychotropic

teatment. This new criterion slightly improved AUC
(0.82 vs. 0.79; P=0.29) but did not reveal any significant
AUC increase by adding genetics (data not shown).

Supplementary Table S17 (Supplemental digital content 1,
http:llinks.low.com/FPC/B279) displays interaction results
between wPRS and age, sex, and BMI on the four lipid
phenotypes. A significant interaction was observed between
wPRS and BMI on LDL (P=0.02), and between wPRS
and sex on TC (P=0.04). Details of further analyses are
available in Supplementary Material (Supplementary Figs
S18-S20 and Supplementary Table S18, Supplemental
digital content 1, sup:{/links.kow.com/FPCIB279).

Explained variability

In the combined psychiatric sample, total variability
explained by GAMMSs including clinical and genetic
components reached 22.8, 13.6, 15.9, and 23.0% for
HDL, LDL, TC, and TG, respectively (Supplementary
Table S19, Supplemental digital content 1, Aupf/links.kow.
com[FPC/B279). Interestingly, wPRS was among the variables
having increased effect on the total explained variability for
each lipid trait. Indeed, genetics alone explained 4.3, 3.4, 3.3,
and 4.8% of HDL, LDL, TC, and TG variability, respec-
tively. Further analyses showed that only a small fraction (i.e.
5%) of SNPs drove the total variability explained by genetics.
Thus, SNPs whose f values were higher than the percentile
95 of all B values explained 3.5, 3.1, 2.5, and 3.3% of the total
lipid variability for HDL, LDL, TC, and TG, respectively
(Supplementary Table S20, Supplemental digital content 1,
httpHlinks.loww.com/FPCIB279).  Strikingly, the  variability
explained by genetics was drastically decreased (1.58, 0.04,
1.15, and 2.61% of HDL, LDL, TC, and TG, respectively)
when considering unweighted PRS (i.e. PRS with # value
of 1 for each individual SNPs (Supplementary Table S20,
Supplemental digital content 1, #zp://links.kow.com/F'PC/B279),
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Table 2 Association of weighted polygenic risk score groups
(single-nucleotide polymorphisms selected from both meta-
analyses) with lipid traits in generalized additive mixed model
adjusted with age, sex, BMI, medication, and smoking status in the
combined sample

Number Number Estimates
of SNPs  of patients wPRS groups  [95% CI] (mmol/l) P-value
HDL 73 331 wPRS<p50  0.13 [0.07-0.19]  <0.0001
wPRS > p50 Ref
167 wPRS<p25 028 [0.19-0.36] <0.0001
wPRS > p75 Ref
68 wPRS<p10 035 [0.22-0.49]  <0.0001
wPRS > p90 Ref
LDL 60 303 WPRS < p50 Ref 0.004
wPRS>p50  0.20 [0.04-0.36]
1568 WwPRS < p25 Ref 0.003
wPRS>p75 031 [0.11-0.53]
68 wPRS <p10 Ref 0.0004
wPRS>p90  0.63 [0.27-1.00]
TC 72 336 wPRS < p50 Ref <0.0001
WPRS>p50  0.32 [0.15-0.49]
171 WPRS < p25 Ref <0.0001
wPRS>p75  0.50 [0.28-0.74]
76 wPRS <p10 Ref 0.0002
wPRS>p90  0.66 [0.30-1.07]
TG 47 299 WPRS < p50 Ref <0.0001
wPRS>p50  0.26 [0.13-0.38]
146 wPRS < p25 Ref <0.0001
wPRS>p75 047 [0.30-0.64]

56 wPRS <p10 Ref 0.002
wPRS>p90  0.60 [0.19-0.91]

Patients taking lipid-lowering medication were excluded. Only fasting patients
were included for TG analyses.

Estimates indicate the difference of lipid levels between wPRS percentile groups
(i.e. between median percentile groups, between percentile 25 and percentile 75
groups or between percentile 10 and percentile 90 groups).

Generalized additive mixed models were performed with polygenic risk score as a
categorical variable with two groups.

Cl, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; SNP, single-nucleotide polymorphism; TC, total cholesterol; TG, triglyceride;
wPRS, weighted polygenic risk score; wPRS < p50, group of patients whose
wPRS was lower than the median of all patients wPRS; wPRS > p50, group of
patients whose wPRS was higher or equal to the median of all patients wPRS;
WPRS < p25, group of patients whose wPRS was lower than the percentile 25 of
all patients wPRS; wPRS > p75, group of patients whose wPRS was higher than
the percentile 75 of all patients wPRS; wPRS < p10, group of patients whose
WPRS was lower than the percentile 10 of all patients WPRS; wPRS > p90, group
of patients whose wPRS was higher than the percentile 90 of all patients wPRS.

showing the importance to consider allele effects in a
weighted approach. SNPs whose f values were higher than
the percentile 95 of all # values are lying in well-known genes
involved in the regulation of lipid homeostasis, as for instance
in the lipoprotein lipase, in the LDL receptor, or in the
apolipoprotein E (Supplementary Table S21, Supplemental
digital content 1, up://links.kww.com/FPCIB279).

Number needed to genotype

To detect whether genotyping would be useful as a
routine test, the NNG for HDL was calculated (Table 3).
In the combined psychiatric sample, 24 patients would
be needed to be genotyped to avoid HDL hypocholes-
terolemia for one patient.

Discussion
The present study shows that wPRS constructed with
lipid-associated SNPs from population-based samples

PRS and lipid levels in psychiatry Delacrétaz et al. 5

had a significant influence on HDL, LDL, TC, and
TG levels in the psychiatric population receiving psy-
chotropic treatment inducing metabolic disturbances.
Moreover, adding genetics to clinical models significantly
improved HDL hypocholesterolemia prediction and a
trend for improvement was observed for the prediction of
TC dyslipidemia.

In the present psychiatric sample, dyslipidemia pre-
valence for TC, LDL, HDL, and TG was higher than
reported in the Recovery After an Initial Schizophrenia
Episode study [12], possibly because of the shorter life-
time exposure to psychotropic treatment in the latter
(<6 months) than in the present psychiatric sample
(~8 years). In contrast, in accordance with the latter study
[12], only a small proportion of patients (<7%) received
lipid-lowering agent(s), corresponding to 14% of patients
with hypercholesterolemia. A significant increase in the
incidence of dyslipidemia was observed over time
despite the worrisome prevalence already observed
at baseline. This emphasizes the importance to pro-
spectively monitor metabolic (including lipid) parameters
during psychotropic treatment in each patient starting
psychotropic medication [40]. Although most patients
were not drug naive before starting the current psycho-
tropic treatment, our results within this observational
psychiatric sample reflected real medical conditions in
clinical practice. In addition, the present psychiatric
sample was clinically heterogeneous in terms of drug
classes (i.e. antipsychotics, mood stabilizers, and anti-
depressants) and of diagnoses (i.e. bipolar disorder, major
depression, and schizophrenia). However, diagnosis was
not identified as a moderator of psychotropic drug-
induced metabolic disturbances [41,42]. Moreover,
although antipsychotic drugs are known to be associated
with different degrees of weight gain, larger studies and
meta-analyses are needed to determine how these drugs
alter the lipid profile and whether their rank of risks is
similar to weight gain. Thus, further studies are war-
ranted to determine whether the alteration of the lipid
profile depends on the drug class. In contrast, the clinical
heterogeneity of the present sample also constitutes
strength, reflecting real clinical conditions.

To date, a large number of lipid-associated SNPs dis-
covered among general population accounted for 6.6, 5.7,
8.2, and 5.0% for HDL, LDL, TC, and TG, respectively, of
the variance explained by wPRS [43]. Results obtained
from our psychiatric samples showed a slightly smaller
explained variability for lipid phenotypes (4.3, 3.4, 3.3, and
4.8%, respectively). As the explained variability by genetics
was strongly decreased in unweighted PRS, our results are
in accordance with the importance of weighted approaches
in PRS analyses. The difference between our results
compared with population-based wPRS on lipids may be
not only because of a lower number of patients in our
psychiatric sample but also to the use of nonappropriate
allele estimates. Thus, population-based estimates could
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HDL, high-density lipoprotein; LDL, low-density lipoprotein; PRS, polygenic risk score; 10% PRS, PRS lower than the 10th percentile; 90% PRS,
PRS higher than the 90th percentile; TC, total cholesterol; TG, triglyceride.

either under-represent or over-represent the influence of
some SNPs in the psychiatric population, which may flatten
the explained variability. As a matter of fact, the psychiatric
population displays a greater influence of some genetic var-
iants on metabolic features than does the general population,
possibly because of an intricate interaction between the
psychiatric illness and metabolic regulation [16,44] as well as
a higher prevalence of metabolic abnormalities in this spe-
cific population [45]. As a consequence, a wPRS constructed
with estimates from psychiatric samples would be more
pertinent and would certainly enhance the explained varia-
bility of genetics in this high-risk population. Of note, it is
very likely that the consideration of additional genetic var-
iants (e.g. SNPs associated with psychotropic drug-induced
weight gain and metabolic abnormalities in genes such as
FTO, LEP, LEPR, or HTR2C [46,47]) in the weighted
polygenic risk score may help to improve the predictive
power of weighted polygenic risk score on dyslipidemia.
Unfortunately, such promising variants could not be included

in PRSs because no allele effect (B-coefficient from GWAS)
for these SNPs was available in the literature. In addition,
SNPs from candidate gene studies arose from heterogeneous
studies in terms of drugs and of treatment durations, and
these studies were limited by a lack of replication and a poor
sample size. Unfortunately, no GWAS on lipid traits has
been yet performed in either drug-free psychiatric popula-
ton or patients receiving psychotropic drugs inducing
metabolic disturbances. Such studies and meta-analyses
conducted on lipid levels would help to provide more
accurate allelic estimates. In the present study, most of the
lipid variance explained by genetics was driven by a very low
number of SNPs with large effects, localized in well-known
genes involved in lipid homeostasis and/or associated with
cardiovascular risk [48]. Copy number variants, insertions or
deletions, not taken into account in this study, might further
increase explained variability. Moreover, whether selecting
more than one single SNP per gene would increase
the explained variability remains unknown. Finally, the
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Fig. 2
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[34], according to European Society of Hypertension/European Society of Cardiology guidelines [35]. AUC, area under the curve; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.

explained variability could be increased by adding new
additional common variants (probably with modest effects),
rare variants (probably with large effects), methylation profile

Several reports recently described the use of predictive

models

containing genetics in cardiovascular disease

to prevent long-term health consequences [49-51]. Although
wPRSs were highly associated with lipid levels in the present

as well as more clinical lipid-related characteristics.
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Table 3 High-density lipoprotein dyslipidemia incidence and
number needed to genotype for the discovery, replication, and
combined samples

Dyslipidemia Number needed to
incidence (%) Sensitivity genotype
Discovery sample bl 0.63 22
Replication 29 0.49 70
sample
Combined 6.0 0.70 24
sample

Number needed to genotype calculations were done using sensitivity of the best
threshold coordinates in each sample for high-density lipoprotein dyslipidemia
development.

study, models containing both clinical and genetic compo-
nents in the discovery and replication samples did not show a
significant increase in the power to predict lipid phenotypes
compared with models containing clinical variables only.
However, in the combined sample, AUCs were significantly
increased for HDL and a trend of increase was observed for
TC, suggesting that statistical power could be improved by
increasing population samples. In addition, adding more
dyslipidemia-associated genetic markers as well as covariate
risk factors for dyslipidemia development could also improve
the prediction. Of note, AUC for HDL model including both
genetics and clinical variables in the combined sample was
higher than 0.75 and sensitivity, specificity, and accuracy
were higher than 70%, indicating that the prediction was
informative and useful enough [52]. On the basis of the
present results, 24 patients would be needed to be geno-
typed to avoid HDL hypocholesterolemia for one patient
[53]. Thus, additional studies with larger sample sizes are
needed to replicate the present findings and to identify new
lipid-associated variants before the additive value of includ-
ing genetic information in predictive models is transposable
to routine clinical practice. In addition, larger studies are
warranted to investigate the influence of wPRS on lipid
levels in specific subgroups of patients (e.g. drug-stratified
and/or diagnosis-stratified samples).

Results of the present study should be considered with the
following limitations. First, the study was restricted to
European patients, which impedes extrapolation to other
ethnicities. Second, effects of environmental changes such
as physical exercise or diet habits throughout the treatment,
which could have influenced the evolution of lipid levels,
were not taken into account. The strength of our study is the
use of a weighted approach for the PRS. In addition, ther-
apeutic drug monitoring was performed to ascertain com-
pliance to exclude false negative, that is, patients who did
not develop dylipidemia because they did not take the drug,
an important factor to consider in the psychiatric population.

Conclusion

We showed an influence of PRS built from variants
related to lipid traits in population-based samples on lipid
levels in the psychiatric population. Moreover, adding
genetic information to clinical variables may improve the

prediction of HDL hypocholesterolemia in psychiatric
patients treated with weight gain-inducing psychotropic
drugs. Forthcoming work is needed to examine whether
predictive models are accurate and useful enough for the
clinical purpose of individualizing psychiatric treatment.

Acknowledgements

The authors thank C. Brogli, V. Hodel (logistical assistance),
E. Ponce (bibliographical help), A. C. Aubert, M. Brocard,
N. Cochard, M. Delessert, A. Vuilloud, M. Brawand,
K. Powell Golay, S. Jacquet, C. Darbellay, and A. Chevalley
(sample analysis). The authors are grateful to all participating
medical (Jacques Thonney, Alessandra Solida-Tozzi,
Stéphane Kolly, Sylfa Fassassi Gallo, Philipp Baumann,
Sylvie Berney, Sandrine Valloton Zulauff, Jean-Michel
Aubry, Roland Hasler, and Karsten Ebbing) and nursing
(Jacques Herrgott, Daniel Ducraux, Didier Wrobel, Marco
di Camillo, Yoann Levet, Charlotte Leon, Sabrina Kormann,
Hugo Correia Da Rocha Capela, Justine Brea, Olivier Lafoy,
Valentin Monnier, Boris Pourre, and Mélanie Lenzi) staff
who were involved in the metabolic monitoring program.
The authors are also grateful to the patients who gave their
consent for the present study.

This work has been funded in part by the Swiss National
Research Foundation (C.B.E. and P.C.: 320030-120686,
324730-144064 and 320030-173211).

Conflicts of interest

C.B.E. received honoraria for conferences or teaching
CME courses from Astra Zeneca, Forum fiir Medizinische
Fortbildung, Janssen-Cilag, Lundbeck, Merck Sharp &
Dohme, Mepha, Otsuka, Servier and Vifor-Pharma in the
past 3 years, and for writing a review article for the journal
‘Dialogues in clinical neurosciences’ (Servier). He received
an unrestricted educational research grant from Takeda in
the past 3 years. A.v.G. received honoraria for a conference
or workshop participation unrelated to this study from Vifor
and Schwabe in the previous 3 years. For the remaining
authors there are no conflicts of interest.

References

1 Al-Mawali A. Non-communicable diseases: shining a light on cardiovascular
disease, Oman's biggest killer. Oman Med J 2015; 30:227-228.

2 Mathers CD, Loncar D. Projections of global mortality and burden of disease
from 2002 to 2030. PLoS Med 2006; 3:442.

3 Strong A, Rader DJ. Clinical implications of lipid genetics for cardiovascular
disease. Curr Cardiovasc Risk Rep 2010; 4:461-468.

4 Manjunath CN, Rawal JR, Irani PM, Madhu K. Atherogenic dyslipidemia.
Indian J Endocrinol Metab 2013; 17:969-976.

5 Kuo PT. Dyslipidemia and coronary artery disease. Clin Cardiol 1994;
17:519-527.

6 Hirsch AT, Gotto AM Jr. Undertreatment of dyslipidemia in peripheral arterial
disease and other high-risk populations: an opportunity for cardiovascular
disease reduction. Vasc Med 2002; 7:323-331.

7 Choy PC, Siow YL, Mymin D, O K. Lipids and atherosclerosis. Biochem Cell
Biol 2004; 82:212-224.

8 Graham |, Cooney MT, Bradley D, Dudina A, Reiner Z. Dyslipidemias in the
prevention of cardiovascular disease: risks and causality. Curr Cardiol Rep
2012; 14:709-720.

9 Ramasamy |. Update on the molecular biology of dyslipidemias. Clin Chim
Acta 2016; 454:143-185.

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

-91 -



20

21

22

23

24

25

26

27

28

29

30

31

Wofford MR, King DS, Harrell TK. Drug-induced metabolic syndrome. J Clin
Hypertens 2006; 8:114-119.

Correll CU, Detraux J, de Lepeleire J, de Hert M. Effects of antipsychotics,
antidepressants and mood stabilizers on risk for physical diseases in people
with schizophrenia, depression and bipolar disorder. World Psychiatry 2015;
14:119-136.

Correll CU, Robinson DG, Schooler NR, Brunette MF, Mueser KT,
Rosenheck RA, et al. Cardiometabolic risk in patients with first-episode
schizophrenia spectrum disorders: baseline results from the RAISE-

ETP study. JAMA Psychiatry 2014; 71:1350-1363.

De Hert M, Detraux J, van Winkel R, Yu W, Correll CU. Metabolic and
cardiovascular adverse effects associated with antipsychotic drugs. Nat Rev
Endocrinol 2012; 8:114-126.

Vehof J, Risselada AJ, Al Hadithy AF, Burger H, Snieder H, Wilffert B, et al.
Association of genetic variants of the histamine H1 and muscarinic M3
receptors with BMI and HbA1c¢ values in patients on antipsychotic
medication. Psychopharmacology (Berl) 2011; 216:257-265.

Choong E, Quteineh L, Cardinaux JR, Gholam-Rezaee M, Vandenberghe F,
Dobrinas M, et al. Influence of CRTC1 polymorphisms on body mass index
and fat mass in psychiatric patients and the general adult population. JAMA
Psychiatry 2013; 70:1011-1019.

Delacretaz A, Preisig M, Vandenberghe F, Saigi Morgui N, Quteineh L,
Choong E, et al. Influence of MCHR2 and MCHR2-AS1 genetic
polymorphisms on body mass index in psychiatric patients and in population-
based subjects with present or past atypical depression. PloS One 2015;
10:¢0139155.

Balt SL, Galloway GP, Baggott MJ, Schwartz Z, Mendelson J. Mechanisms
and genetics of antipsychotic-associated weight gain. Clin Pharmacol Ther
2011; 90:179-183.

Lett TA, Wallace TJ, Chowdhury NI, Tiwari AK, Kennedy JL, Muller DJ.
Pharmacogenetics of antipsychotic-induced weight gain: review and clinical
implications. Mol Psychiatry 2012; 17:242-266.

Reynolds GP, Hill MJ, Kirk SL. The 5-HT2C receptor and
antipsychoticinduced weight gain = mechanisms and genetics.

J Psychopharmacol 20086; 20 (Suppl): 15-18.

Kim SF, Huang AS, Snowman AM, Teuscher C, Snyder SH. From the Cover:
Antipsychotic drug-induced weight gain mediated by histamine H1 receptor-
linked activation of hypothalamic AMP-kinase. Proc Nat/ Acad Sci USA
2007; 104:3456-3459.

Cai HL, Tan QY, Jiang P, Dang RL, Xue Y, Tang MM, et al. A potential
mechanism underlying atypical antipsychotics-induced lipid disturbances.
Trans! Psychiatry 2015; 5:¢661.

Lauressergues E, Staels B, Valeille K, Majd Z, Hum DW, Duriez P, et al.
Antipsychotic drug action on SREBPs-related lipogenesis and
cholesterogenesis in primary rat hepatocytes. Naunyn Schmiedebergs Arch
Pharmacol 2010; 381:427-439.

Ferno J, Raeder MB, Vik-Mo AO, Skrede S, Glambek M, Tronstad KJ, et al.
Antipsychotic drugs activate SREBP-regulated expression of lipid
biosynthetic genes in cultured human glioma cells: a novel mechanism of
action? Pharmacogenomics J 2005; 5:298-304.

Wang K, Li WD, Zhang CK, Wang Z, Glessner JT, Grant SF, et al. A
genome-wide association study on obesity and obesity-related traits. PloS
One 2011; 6:218939.

Warrington NM, Howe LD, Paternoster L, Kaakinen M, Herrala S, Huikari V,
et al. A genome-wide association study of body mass index across early life
and childhood. Int J Epidemiol 2015; 44:700-712.

Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, et al. Genetic
studies of body mass index yield new insights for obesity biology. Nature
2015; 518:197-206.

Surakka |, Horikoshi M, Magi R, Sarin AP, Mahajan A, Lagou V, et al. The
impact of low-frequency and rare variants on lipid levels. Nat Genet 2015;
47:589-597.

Global Lipids Genetics C, Willer CJ, Schmidt EM, Sengupta S, Peloso GM,
Gustafsson S, et al. Discovery and refinement of loci associated with

lipid levels. Nat Genet 2013; 45:1274-1283.

Belsky DW, Moffitt TE, Sugden K, Williams B, Houts R, McCarthy J, et al.
Development and evaluation of a genetic risk score for obesity.
Biodemography Soc Biol 2013; 59:85-100.

Buscot MJ, Magnussen CG, Juonala M, Pitkanen N, Lehtimaki T, Viikari JS,
et al. The combined effect of common genetic risk variants on circulating
lipoproteins is evident in childhood: a longitudinal analysis of the
Cardiovascular Risk in Young Finns Study. PloS One 2016; 11:¢0146081.
Hung CF, Breen G, Czamara D, Corre T, Wolf C, Kloiber S, et al. A genetic
risk score combining 32 SNPs is associated with body mass index and
improves obesity prediction in people with major depressive disorder. BMC
Med 2015; 13:86.

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

PRS and lipid levels in psychiatry Delacrétaz et al. 9

Lin X, Song K, Lim N, Yuan X, Johnson T, Abderrahmani A, et al. Risk
prediction of prevalent diabetes in a Swiss population using a weighted
genetic score — the Colaus Study. Diabetologia 2009; 52:600-608.
Saigi-Morgui N, Vandenberghe F, Delacretaz A, Quteineh L,

Gholamrezaee M, Aubry JM, et al. Association of genetic risk scores with
body mass index in Swiss psychiatric cohorts. Pharmacogenet Genomics
2016; 26:208-217.

Compendium Suisse des Medicaments. Bern, Switzerland: Institut Suisse
des produits thérapeutiques. Available at: http://www.swissmedicinfo.ch.
[Accessed 15 June 2016].

Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M, et al.
2013 ESH/ESC Guidelines for the management of arterial hypertension: the
Task Force for the management of arterial hypertension of the European
Society of Hypertension (ESH) and of the European Society of

Cardiology (ESC). J Hypertens 2013; 31:1281-1357.

R Development Core Team. R: a language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing; 2013.
Tse L, Procyshyn RM, Fredrikson DH, Boyda HN, Honer WG, Barr AM.
Pharmacological treatment of antipsychotic-induced dyslipidemia and
hypertension. Int Clin Psychopharmacol 2014, 29:126-137.

Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez JC, et al. pROC:
an open-source package for R and S+ to analyze and compare

ROC curves. BMC bioinformatics 2011; 12:77.

De Graaff LC, van Schaik RH, van Gelder T. A clinical approach to
pharmacogenetics. Neth J Med 2013; 71:145-1562.

Choong E, Solida A, Lechaire C, Conus P, Eap CB. Follow-up of the
metabolic syndrome induced by atypical antipsychotics: recommendations
and pharmacogenetics perspectives. Rev Med Suisse 2008; 4:1994-1999.
National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel Ill}. Third report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel Ill) final report.
Circulation 2002; 106:3143-3421.

Vandenberghe F, Gholam-Rezaee M, Saigi-Morgui N, Delacretaz A,
Choong E, Solida-Tozzi A, et al. Importance of early weight changes to
predict long-term weight gain during psychotropic drug treatment. J Clin
Psychiatry 2015; 76:¢1417-¢1423.

Justesen JM, Allin KH, Sandholt CH, Borglykke A, Krarup NT, Grarup N, et al.
Interactions of lipid genetic risk scores with estimates of metabolic health in a
Danish population. Circ Cardiovasc Genet 2015; 8:465-472.

Quteineh L, Preisig M, Rivera M, Milaneschi Y, Castelao E, Gholam-Rezaee M,
et al. Association of CRTC1 polymorphisms with obesity markers in subjects from
the general population with lifetime depression. J Affect Disord 20186; 198:43-49.
Toalson P, Ahmed S, Hardy T, Kabinoff G. The metabolic syndrome in
patients with severe mental illnesses. Prim Care Companion J Clin
Psychiatry 2004; 6:152-158.

MacNeil RR, Muller DJ. Genetics of common antipsychotic-induced adverse
effects. Mol Neuropsychiatry 2016; 2:61-78.

Roffeei SN, Mohamed Z, Reynolds GP, Said MA, Hatim A, Mohamed EH,
et al. Association of FTO, LEPR and MTHFR gene polymorphisms with
metabolic syndrome in schizophrenia patients receiving antipsychotics.
Pharmacogenomics 2014; 15:477-485.

Helgadottir A, Gretarsdottir S, Thorleifsson G, Hjartarson E, Sigurdsson A,
Magnusdottir A, et al. Variants with large effects on blood lipids and the role
of cholesterol and triglycerides in coronary disease. Nat Genet 2016;
48:634-639.

Damen JA, Hooft L, Schuit E, Debray TP, Collins GS, Tzoulaki |, et al.
Prediction models for cardiovascular disease risk in the general population:
systematic review. BMJ 2016; 353:12416.

Thanassoulis G, Peloso GM, Pencina MJ, Hoffmann U, Fox CS, Cupples LA,
et al. A genetic risk score is associated with incident cardiovascular disease
and coronary artery calcium: the Framingham Heart Study. Circ Cardiovasc
Genet 2012; 5:113-121.

Wang CJ, Li YQ, Wang L, Li LL, Guo YR, Zhang LY, et al. Development and
evaluation of a simple and effective prediction approach for identifying those
at high risk of dyslipidemia in rural adult residents. PloS One 2012;
7:e43834.

Janssens AC, Moonesinghe R, Yang Q, Steyerberg EW, van Duijn CM,
Khoury MJ. The impact of genotype frequencies on the clinical validity of
genomic profiling for predicting common chronic diseases. Genet Med
2007; 9:528-535.

Muller B, Wilcke A, Boulesteix AL, Brauer J, Passarge E, Boltze J, et al.
Improved prediction of complex diseases by common genetic markers: state
of the art and further perspectives. Hum Genet 2016; 135:259-272.

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

-92 -



SUPPLEMENTARY DATA

Material and methods

Psychiatric samples

Anthropometric measurements (weight and height), demographic variables (sex and age),
history of treatments (treatment duration and psychotropic treatment), co-medications and lipid
variables (i.e. HDL, LDL, TC and TG) were collected at baseline (i.e. before psychotropic
treatment) and 1, 3 and 12 months after initiating a treatment with weight gain — inducing
psychotropic drug. Patients having switched to such medication (i.e. non treatment-naive
patients) were also included. Most blood samples were drawn in the morning in fasting
conditions. Non-fasting blood samples (i.e. within six hours following last meal) were excluded
for triglyceride analysis (1) and not for total, HDL- and LDL-cholesterol (1). Most clinical
chemistry assays were conducted by the clinical laboratory, Department of Biomedicine,
Lausanne University Hospital, which is ISO 15189:2012 certified. LDL-cholesterol was

calculated using the Friedewald formula only if triglyceride levels were lower than 4.6 mmol/l (2).

Quantification of drug concentration

Plasma drug concentrations were quantified at one, three and twelve months in trough
conditions (i.e. in the morning before the next drug intake). Liquid chromatography/mass
spectrometry methods were used for measuring aripiprazole, amisulpride, clozapine,
haloperidol, olanzapine, risperidone, OH-risperidone (paliperidone), quetiapine or plasma levels
as previously described (3-5) and/or as recommended in our unit (Eap et al., unpublished data,
available on request). Mirtazapine was measured by gas-chromatography-nitrogen detector
(Eap et al., unpublished data, available on request), valproate by fluorescence polarization
immunoassay (Cobas integra 400 plus Roche ®, Roche Diagnostic, Rotkreuz, Switzerland) and
lithium by ion selective electrode (EasyLyte Na/K/Cl/Li, Medica ®, Chatel St-Denis,

Switzerland). All methods are used on a routine basis in our accredited laboratory (ISO 15189
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and 17025). Patients were considered compliant when drug plasma concentrations were higher
than 10% of the lower value of the recommended therapeutic range (6). Of note, the sum of

plasma concentrations risperidone and of its metabolite OH-risperidone was used.

Genotyping

The iSelect genotyping array was designed to test DNA variations of 200°'000 SNPs from
regions associated with metabolic and cardiovascular characteristics (7). All genotyped SNPs
underwent quality control tests: when sex was inconsistent with genetic data from X-linked
markers and genotype call rate was < 0.8, samples were excluded from the analyses. The

results were extracted using the software GenomeStudio Data Analysis.

From the reviewed variants, SNPs (or proxies with r’>0.8 and a MAF>5%) that were not
available in the CardioMetabochip in the psychiatric sample were genotyped by the KBioscience
Institute in the United Kingdom using the novel fluorescence-based competitive allele-specific
PCR technology (KASP™) as described by the manufacturer. Genotyping of one SNP
(rs1047891) with missing values for a subset of patients was performed using TagMan SNP
Genotyping Assays on ViiA™ 7 Real-Time PCR System as described by the manufacturer’s

instructions.

Ethnicity was assessed by patient's reported ethnicity and confirmed by genotyping using
principal component analysis with the EIGENSTRAT algorithm implemented in GCTA software
(8). The majority of the variance was explained by the two first vectors, and Caucasian ethnicity
was arbitrarily selected when pca1<0.0025 and pca2>-0.0125, values which gave the highest

concordance with the patient’s reported ethnicity.
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Construction of the PRSs

Among the different PRS model approaches (e.g. simple count or odds ratio weighted PRS), a
weighted PRS (WPRS) is a more adequate option than unweighted PRS since allele effects (B-
coefficients) vary among SNPs (9). In the present study, PRS were constructed as a weighted
sum of all SNPs. Each patient received for each SNP the coding value of 0, 1 or 2 according to
the number of risk alleles. For instance, for a given SNP, a score of 1 was assigned for a carrier
of one risk allele, whereas a value of 0 was attributed to non-carriers of this risk allele. Weighted
PRS were subsequently obtained by the summation of the lipid-associated risk alleles multiplied
by their effect size reported for each SNP in corresponding meta-analyses, assuming that each
SNP contributes to the PRS in an additive way (10,11). In order to facilitate interpretation of the
results, wPRS were then rescaled according to a calculation described elsewhere (9). Of note,

increasing the wPRS by one unit indicates one additional lipid-association risk allele (12).

Construction and interpretation of AUC

AUC of the models were compared using a bootstrap test as published previously (13). An AUC
of 0.5 would indicate a random test with 50% chance of positive response, whereas an AUC of
1 suggests an ideal test where all patients are correctly classified (14). Tests having an AUC of

0.75 or higher are considered informative and useful (15).

Results

Influence of GAMM covariates on the evolution of lipid levels during psychotropic

treatment

The evolution of lipid levels during psychotropic treatment according to covariates taken into
account in GAMM analyses is presented in S2-S6 Figures. Because of their known influence on
psychotropic-drug induced metabolic abnormalities (16), these variables were included in mixed

models. Of note, although no study has been conducted yet to determine an influence of
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psychotropic drug class on the deterioration of lipid profile, this variable was also considered in
mixed models. The difference of lipid levels between patients whose BMI was above or below
the BMI median was statistically significant for HDL, LDL, TC and TG levels (p=0.03, 0.0005,
0.003 and 0.001, respectively, 82 Figure). In addition, the difference of HDL, LDL and TC levels
between patients younger or older than the median age was statistically significant (p=0.007,
0.01, 0.001, respectively, S3 Figure), but not for TG levels (p=0.82). Women had significantly
higher levels of HDL, LDL and TC (p<0.0001, p=0.005, p<0.0001) but not of TG levels (p=0.32,
S4 Figure). No difference of HDL, LDL and TC levels was observed between psychotropic drug
classes. However, patients receiving mood stabilizers had significantly higher TG levels
compared to those receiving antipsychotics (S5 Figure). Finally, although smoking status was
not associated with lipid levels (p>0.05, S6 Figure), this variable was considered in GAMM
because non smokers were observed to have a more favourable lipid profile compared to

smokers in a recent systematic review and meta-analysis (17).

Influence of polygenic risk scores on lipid phenotype worsening during psychotropic

treatment

The evolution of lipid levels during psychotropic treatment according to high- and low- wPRS
groups is presented in S7-S8 Figures. The more extreme the groups were, the higher the
differences of each lipid level were measured between the groups. Overall, HDL was the only
lipid trait that did not significantly change along the psychotropic treatment (p=0.62), whereas
LDL, TC and TG levels significantly increased over time (p=0.01, 0.001 and 0.03 respectively,
S9 Figure). The difference of lipid levels between high- and low- risk wPRS were statistically
significant for HDL and TG levels (p=0.002), but not for LDL and TC levels (p=0.25 and 0.31,
respectively; S9 Figure). S10 Figure represents the evolution of dyslipidemia prevalence
according to the two groups of p50-classified wPRS. The same patterns of evolution were
observed as described previously (i.e. influence of p50-classified WPRS groups on HDL and TG

levels, but no clear effect on LDL and TC levels). Comparison of extreme wPRS percentiles (i.e.
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p25-p75 and p10-p90) in S11 and S12 Figures, respectively, allowed to better illustrate the

evolution of lipid variables in function of the wPRS.

To date, many publications showed that the influence of genetic susceptibilities is greater
among young patients (18-21). For exploratory purposes, and despite the fact that there was no
significant interaction between age and wPRS on lipid levels in the present study, GAMMs were
performed by stratifying the combined psychiatric sample according to the median of age (S15
Table). In young patients, weighted PRSs were significantly associated with each lipid trait
(p=<0.006) apart from LDL (p=0.08), whereas they were significant for all lipid traits in old
patients (p<0.03). Among statistical analyses not adjusted for covariates, in young patients (S13
and S14 Figures), a significant influence of low- and high- risk wWPRS groups was observed on
HDL (p=0.02) and a similar trend was observed for TG (p=0.07). In patients older than the
median of age, low- and high- risk WPRSs were also significantly associated with HDL and TG
(S15 and S16 Figures; p=0.002 and 0.009 respectively), but along the treatment, HDL and TG
levels of the two wPRS groups tended to converge. Interestingly, it seemed that low-risk wPRS
patients tended to reach the same lipid levels than high-risk wPRS patients for HDL and TG

after several months of psychotropic treatment.

Interaction between polygenic risk scores and covariates on lipid phenotypes

S$17 Table displays results of interaction between wPRSs and age, sex and BMI on the four lipid
phenotypes. A significant interaction was observed between wPRSs and BMI on LDL (p=0.02),
and between wPRS and sex on TC (p=0.04). These results suggest that the influence of WPRS
on LDL may be tested in BMI-stratified subsamples, and that the influence of WPRS on TC may
be tested in men and women separately. GAMM performed in BMI-stratified samples showed a
significant association between p50-classified wPRS groups and LDL only in patients having a
BMI higher than the median value (S18 Table; 0.46 mmol/l; p<0.0001). In analyses not adjusted

for covariates, no influence of wPRS on LDL within both BMI subgroups was observed (S18
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Figure). Moreover, AUC of the model including genetics compared to the model with only
clinical data was not significantly increased in both BMI subgroups (S19 Figure), possibly
because of a poor statistical power. With regard to analyses of association between p50-
classified wPRS groups and TC levels performed in men and women separately, significant
influences were observed in both sexes (818 Table; p<0.01). S20 Figure shows that the
prevalence of hypercholesterolemia seemed higher in women than in men, and that the
influence of p50-classified WPRS groups on total hypercholesterolemia was greater in the
former group compared to the latter (p=0.009 for women and p=0.98 for men). ROC curves
suggest a higher increase of AUC with the model incorporating genetic data compared to the
model with clinical data only, in women (AUC = 0.74 versus 0.67; p=0.11), compared to men
(AUC = 0.78 versus 0.77; p=0.43), although none reached statistical significance in both

gender.
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S1 Table. Characteristics of psychiatric Caucasian samples: discovery, replication and combined samples

Characteristics n Discovery sample| n Replication sample p-value7 n Combined sample
Male, n (%) 332 142 (42.8) 140 65 (46.4) 0.46 |472 207 (43.8)
Age, median (IQ range), years 332 48 (29-73) 140 49.5 (33-68) 0.87 |472 48 (30-71)
BMI
Inital BMI, median (IQ range), kg/m? 332 23.3(20.6-26.9) [140 24.9 (21.4-28.2) 006 [472 237 (20.9-27.5)
Initial BMI £25 kg/m?, n (%) 2 211 (63.5) 75 (53.6) 286 (60.6)
Initial BMI 25-30 kg/m?, n (%) ' 69 (20.8) 42 (30.0) 0.07 111 (23.5)
Initial BMI 230 kg/m?,n (%) ** 52 (15.7) 23 (16.4) 75 (15.9)
Current BMI, median (1Q range), kg/m? * 332 24.4(21.7-28.1) (140  25.1(21.6-29.5) 0.31 |472 24.5(21.7-28.4)
Current BMI £25 kg/m?,n (%) ** 184 (55.4) 70 (50.0) 254 (53.8)
Current BMI 25-30 kg/m?,n (%) ** 90 (27.1) 38 (27.1) 0.36 128 (27.1)
Current BMI230 kg/m?,n (%) ** 58 (17.5) 32(22.9) 90 (19.1)
Lipids levels
Lipids levels at baseline *
Total cholesterol, median (1Q range), mmol/l 331 4.7 (3.9-5.6) 140 5.2 (4.3-5.9) 0.002 |471 4.8 (4-5.7)
Total cholesterol < 5 mmol/l, n (%) ° 189 (57.1) 62 (44.3) 0.01 251 (53.3)
Total cholesterol 2 5 mmolll, n (%) ° 142 (42.9) 78 (55.7) ’ 220 (46.7)
Total cholesterol < 5 mmol/l, n (%) ° without hypolipemiant 167 (50.5) 55 (39.3) 0.02 222 (47.3)
Total cholesterol 2 5 mmolll, n (%) ° or treated dyslipidemia 164 (49.6) 85 (60.7) ' 249 (52.7)
HDL, median (IQ range), mmol/I 325 1.4 (1.1-1.6) 139 1.4 (1.1-1.7) 0.41 |464 1.4 (1.1-1.7)
HDL > 1 mmolil, n (%) ° 272 (83.7) 111 (79.9) 0.32 383 (82.5)
HDL < 1 mmol/l, n (%) ° 53 (16.3) 28 (20.1) ' 81(17.5)
HDL > 1 mmol/l, n (%) ° without hypolipemiant 251(77.2) 104 (74.8) 057 355 (76.5)
HDL < 1 mmol/l, n (%) ° or treated dyslipidemia 74 (22.8) 35 (25.2) ' 109 (23.5)
LDL, median (IQ range), mmol/l 314 26(21-35) |133 3.0 (2.4-3.6) 0.005 |447 2.7 (2.1-35)
LDL < 3 mmolll, n (%) ° 187 (59.6) 66 (49.6) 0.05 253 (56.6)
LDL 2 3 mmol/l, n (%) 5 127 (40.5) 67 (50.4) : 194 (43.4)
LDL < 3 mmol/l, n (%) ° without hypolipemiant 164 (52.2) 60 (45.1) 015 224 (50.1)
LDL = 3 mmol/l, n (%) ° or treated dyslipidemia 150 (47.7) 73 (54.9) ’ 223 (49.9)
Triglycerides, median (1Q range), mmol/I 168 1.0 (0.8-1.3) 59 1.1 (0.8-1.6) 0.5 227 1.0 (0.8-1.4)
Triglycerides < 2 mmolll, n (%) >® 153 (91.1) 48 (81.4) 054 201 (88.6)
Triglycerides = 2 mmol/l, n (%) ** 15 (8.9) 11 (18.6) ’ 26 (11.5)
Triglycerides < 2 mmol/l, n (%) *® without hypolipemiant 142 (84.5) 46 (77.9) 0.97 188 (82.8)
Triglycerides 2 2 mmolll, n (%) *® or treated dyslipidemia 26 (15.5) 13 (22.1) ’ 39 (17.2)
Treatment with hypolipemiant, n (%) 332 28 (8.4) 140 9(6.4) 0.29 |472 37 (7.8)
Lipids levels at current state N
Total cholesterol, median (IQ range), mmol/l 328 5.0 (4.1-5.8) 140 5.2 (4.4-5.8) 468 5.0 (4.2-5.8)
Total cholesterol < 5 mmolll, n (%) ° 164 (50.0) 59 (42.1) 0.06 223 (47.6)
Total cholesterol = 5 mmol/l, n (%) ° 164 (50.0) 81 (57.9) ’ 245 (52.3)
Total cholesterol < 5 mmol/l, n (%) ° without hypolipemiant 134 (40.9) 50 (35.7) 0.30 181 (38.7)
Total cholesterol 2 5 mmolll, n (%) ° or treated dyslipidemia 194 (59.2) 90 (64.3) ’ 287 (61.3)
HDL, median (1Q range), mmol/I 325  13(1.1-16) [139 1.4 (1.1-1.7) 023 |464  1.3(1.1-16)
HDL > 1 mmolil, n (%) ° 256 (78.8) 110 (79.1) 0.93 366 (78.9)
HDL < 1 mmol/l, n (%) ° 69 (21.2) 29 (20.9) ‘ 98 (21.1)
HDL > 1 mmol/l, n (%) ® without hypolipemiant 228 (70.2) 100 (71.9) 0.69 327 (70.5)
HDL < 1 mmol/l, n (%) ° or treated dyslipidemia 97 (29.9) 39 (28.1) ’ 137 (29.5)
LDL, median (IQ range),mmol/l 305  2.8(2235) [131 3.1 (2.4-3.7) 013 [436  2.9(23-35)
LDL < 3 mmol/l, n (%) ® 174 (57.1) 60 (45.8) 0.03 234 (53.7)
LDL 2 3 mmol/l, n (%) ° 131 (43.0) 71 (54.2) ' 202 (46.3)
LDL < 3 mmol/l, n (%) ° without hypolipemiant 143 (46.9) 52 (39.7) 016 193 (44.3)
LDL 2 3 mmol/l, n (%) ® or treated dyslipidemia 162 (53.1) 79 (60.3) ’ 243 (55.7)
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Characteristics n Discovery sample| n Replication sample p-value’ n Combined sample
Male, n (%) 332 142 (42.8) 140 65 (46.4) 0.46 (472 207 (43.8)
Age, median (IQ range), years 332 48 (29-73) 140 49.5 (33-68) 0.87 |472 48 (30-71)
Lipids levels at current state s
Triglycerides, median (1Q range), mmol/l 241 1.2 (0.8-1.6) 96 1.3(0.6-1.9) 0.06 (337 1.2 (0.9-1.7)
Triglycerides < 2 mmol/l, n (%) 5% 198 (82.2) 74 (77.1) 0.38 272 (80.7)
Triglycerides = 2 mmol/l, n (%) ** 43 (17.8) 22 (22.9) ’ 65 (19.3)
Triglycerides < 2 mmolil, n (%) >® without hypolipemiant 176 (73.0) 67 (69.8) 0.65 243 (72.1)
Triglycerides = 2 mmol/l, n (%) *® or treated dyslipidemia 65 (27.0) 29 (30.2) ’ 94 (27.9)
Treatment with hypolipemiant, n (%) 332 38 (11.4) 140 13 (9.3) 0.44 |472 51 (10.8)
Medication, n (%)
Amisulpride 331 27 (8.2) 140 10 (7.1) 471 37 (7.9)
Aripiprazole 24 (7.3) 15 (10.7) 39 (8.3)
Clozapine 25 (7.6) 9(6.4) 34 (7.2)
Lithium 23(7.0) 13(9.3) 36 (7.6)
Mirtazapine 13(3.9) 9 (6.4) 015 22 (4.7)
Olanzapine 43 (13.0) 8(5.7) ’ 51(10.8)
Paliperidone 1(0.3) 3(2.1) 4(0.8)
Quetiapine 109 (32.9) 49 (35.0) 158 (33.5)
Risperidone 50 (15.1) 17 (12.1) 67 (14.2)
Valproate 16 (4.8) 7 (5.0) 23 (4.9)
Main diagnosis, n (%)
Organic mental disorders 276 30 (10.9) 94 11 (11.7) 370 41 (11.1)
Psychotic disorders 90 (32.6) 31(32.9) 121 (32.7)
Schizoaffective disorders 22(7.9) 13(13.8) 0.49 35(9.5)
Bipolar disorders 66 (23.9) 20 (21.3) 86 (23.2)
Depressive disorder 68 (24.6) 19 (20.2) 87 (23.5)
Smoker, n (%) 332 108 (32.5) 140 57 (40.7) 0.51 |472 165 (34.9)
Treatment duration, median (1Q range), days 332 146.5(67-370) | 140 110 (51-372) 0.12 472 134 (59-370)

! Initial BMI represents BMI before the current psychotropic treatment.

2BMI from >25 to <30 kg/m? refers to overweight, BMI > 30 kg/m? refers to obesity.

3 Current BMI represents BMI at the end of the follow-up.

4 Lipid levels at baseline represent lipid values before the current psychotropic treatment.

® Lipid level thresholds were defined according to ESH/ESC guidelines (22).

6 Lipid levels at current state represent lipid values at the end of the follow-up.
" P-values were calculated using Wilcoxon-Mann-Whitney tests for Chi? tests between the two psychiatric
samples. Values in bold are significant.

® Triglyceride levels were collected in fasting conditions.
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S2 Table. List of SNPs from the Global Lipids Genetics Consortium meta-analysis with their -effect on HDL

and HWE p-value

Number SNP Nearest gene Cardi:ﬁ":‘;?;i:ﬂchip LD (R%) (eff:tltlt.:;:her] EAF (ef:::::tcl:er] p?\‘::fuse p:lr\?;Ee
1 rs1883025 ABCA1 rs1883025 CiT 0.75 0.070 2E-65 0.463
2 rs4148008 ABCA8 rs4148005 1.000 CiG 0.67 0.028 1E-12 0.546
3 rs13076253 ACAD11 rs13076253 GIT 0.86 0.028 5E-09 0.060
4 rs2602836 ADH5 rs2602836 AIG 0.44 0.019 5E-08 0.129
5 rs2923084 AMPD3 rs2923084 AG 0.82 0.026 5E-08 0.062
6 rs7255436 ANGPTL4 rs2278236 0.965 AIC 0.53 0.032 2E-08 0.788
7 rs737337 ANGPTLS8 rs73r33r TIC 0.89 0.056 5E-17 0.511
8 rs964184 APCOA1 rs964184 CiG 0.84 0.106 6E-48 0.482
9 rs6450176 ARL15 rs6450176 GIA 0.74 0.025 TE-10 0.287
10 rs2606736 ATGT rs2606736 CiT 0.39 0.025 5E-08 0.734
11 rs10019888 Cdorfs2 rs10019888 AIG 0.82 0.027 5E-08 0.461
12 rs3764261 CETP rs3764261 AC 0.32 0.241 1E-769 0.432
13 rs605066 CITED2 rs651837 1.000 TiC 0.58 0.028 3E-08 0.756
14 rs2925979 CMIP rs2925979 CiT 0.69 0.035 1E-19 0.479
15 rs12328675 COBLL1 rs12328675 CiT 0.13 0.045 2E-15 0.542
16 rs1047891 CPs1 rs1047891 CIA 0.67 0.027 9E-10 0.737
17 rs702485 DAGLB rs702485 GIA 0.45 0.024 6E-12 0.905
18 rs174546 FADS1-2-3 rs174546 CiT 0.64 0.039 8E-28 0.450
19 rs3822072 FAM13A rs3g22072 GIA 0.54 0.025 4E-12 0.237
20 rs1121980 FTO rs1121980 GIA 0.57 0.020 TE-09 0.812
21 rs4846914 GALNT2 rs4846914 AIG 0.59 0.048 4E-41 0.441
22 rs6805251 GSK3B rs6805251 TiIC 0.39 0.020 1E-08 0.593
23 rs17695224 HAS1 rs17695224 GIA 0.74 0.029 2E-13 0.916
24 rs12145743 1 HDGF-PMVK rs12145743 GIT 0.34 0.020 2E-08 0.946
25 rs1800961 HNF4A rs1800961 CiT 0.95 0127 2E-34 0.647
26 rs4917014 IKZF1 rs4917014 GIT 0.32 0.022 1E-08 0.201
27 rs2972146 IRS1 rs1515100 0.891 GIT 0.37 0.032 2E-17 0.082
28 rs4731702 KLF14 rs4731702 TiIC 0.49 0.029 5E-17 0.965
29 rs2652834 LACTB rs2652834 GIA 0.79 0.028 4E-11 0.346
30 rs16942887 LCAT rs16942887 AIG 0.14 0.083 8E-54 0.117
31 rs386000 LILRA3 rs386000 CiG 0.26 0.048 3E-23 0.818
32 rs1532085 LIPC rs1532085 AIG 0.40 0107 1E-188 0.688
33 rs7241918 LIPG rs10438978 1.000 TIG 0.81 0.090 1E-44 0.064
34 rs12678919 LPL rs12678919 GIA 0.13 0.155 1E-149 0.411
35 rs116133562 LRP1 rs116133562 TiIC 0.26 0.028 2E-13 0.165
36 rs3136441 LRP4 rs3136441 CiT 0.18 0.054 TE-29 0.380
37 rs970548 | MARCHS8-ALOX5 rs970548 CIA 0.26 0.026 2E-10 0.787
38 rs12967135 MC4R rs523288 1.000 GIA 0.75 0.026 4E-08 0.327
39 rs499974 | MOGAT2-DGAT2 rs499974 CIA 0.81 0.026 1E-08 0.472
40 rs7134594 MVEK rs7134594 TIC 0.52 0.035 2E-13 0.128
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Number SNP Nearest gene Cardi::ls?;i:.:mhip LD (R?) (eff:::::her] EAF (ef:;:::tc:er] p(?\‘::fuse p:\i\:ﬁe
41 rs11246602 OR4C46 rs11246602 CIT 0.15 0.034 2E-10 0.140
42 rs4660293 PABPC4 rs4660293 AG 0.76 0.035 3E-18 0.201
43 rs7134375 PDE3A rs7134375 AIC 0.43 0.021 1E-08 0.526
44 rs731839 PEFD rs731839 AG 0.65 0.022 3E-09 0.109
45 rs4129767 PGS1 rs4129767 AIG 0.52 0.024 2E-11 0.359
46 rs12748152 ;. PIGV-NROB2 rs12748152 CIT 0.91 0.051 1E-15 0.672
47 rs6065906 PLTP rs6065906 TIC 0.81 0.059 5E-40 0.093
48 rs9987289 PPP1R3B rs9987289 GIA 0.90 0.082 2E-41 0.352
49 rs2013208 RBM5 rs2013208 TIC 0.50 0.025 9E-12 0.374
50 rs1936800 RSPO3 rs1936800 CiT 0.49 0.020 3E-10 0.858
51 rs4759375 SBNO1 rs4759377 1.000 TIC 0.08 0.056 3E-08 0.380
52 rs838880 SCARBH1 rs838880 CT 0.34 0.048 BE-32 0.645
53 rs13107325 SLC39A8 rs13107325 CIT 0.92 0.071 1E-15 0.345
54 rs4142995 SNX13 rs4142995 GIT 0.62 0.026 9E-12 0.869
55 rs13326165 STAB1 rs13326165 AIG 021 0.029 9E-11 0.099
56 rs11869286 STARD3 chr17:35067382 CIG 0.65 0.032 3E-17 0.142
57 rs17173637 TMEM1TBA rs17173637 TiC 0.88 0.036 2E-08 0.830
58 rs2954029 TRIB1 rs2954029 TIA 0.47 0.040 3E-29 0.592
59 rs581080 TTC39B chr9:15295378 CiG 0.79 0.042 1E-19 0.156
60 rs7941030 UBASH3B rs7941030 CIT 0.39 0.027 1E-14 0.349
61 rs181362 UBEZL3 rs181362 CT 0.77 0.038 4E-18 0.514
62 rs998584 VEGFA rs1358980 0.837 CiA 0.51 0.026 2E-11 0.786
63 rs4983559 | ZBTB42-AKT1 rs4983559 GIA 0.40 0.020 1E-08 0.297
64 rs1689800 ZNFE48 rs1689800 AIG 0.65 0.034 5E-20 0.757
65 rs4765127 ZNF664 rs11057408 1.000 TIG 0.35 0.032 8E-10 0.834

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position = SNP

identification used to extract genotyping data from psychiatric cohort. HWE p-value
genotyping data from psychiatric cohort.
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S3 Table. List of the selected SNPs from the Engage Consortium meta-analysis with their B-effect on HDL

and HWE p-value

Nomber | SNP  Nearestgene | SICERP 0 @) paciome) || (otoctomer) | S | paue | pivalus
1 rs1883025 ABCA1 rs1883025 CIm 0.76 0.085 0.007 : 6.9E-31 0.483
2 rs4148008 ABCAG/8 54148005 1.000 CIiG 068 0.020 0.007 . 3.0E-03 0.546
3 rs2602836 ADH5 rs2602836 AG 0.44 0.023 0.006: 29E-04 0.129
4 57255436 ANGPTL4 52278236 0.965 AIC 0.55 0.027 0.006. 1.1E-05 0.788
5 rs2678379 AFOB rs1042034 1.000 AG 024 0.085 0.007: 72E-21 0.192
6 rs964184 APQ-cluster rs964184 CIG 0.87 0.102 0.009: 9.7E-29 0.482
T rs2606736 ATGT rs2606736 Crm 038 0.034 0.006: 3.7E-08 0.734
8 rs6657811  CELSR2-SORT1 rs6657811 T/IA 0.12 0.057 0.009: 1.9E-09 0.637
9 rs17231606 CETP rs3764261 1.000 TIC 0.31 0.243 0.006: 69E-316: 0432
10 rs605066 CITED2 rs651837 1.000 TIC 0.56 0.026 0.006: 1.3E-05 0.756
1" rs56823429 CMIP rs2926979 0.885 AIC 071 0.037 0.007: 1.7E-08 0.479
12 rs174601 FADS1-2-3 rs174546 0.895 Cm 0.60 0.036 0.006: 1.1E-08 0.450
13 rs4846914 GALNT2 rs4846914 AG 059 0.048 0.006: 3.3E-14 0.441
14 rs77147124 GPAM 51129555 1.000 AG 0.28 0.039 0.007: 7.4E-09 0.418
15 rs116569761 HLA-area rs8276062 AG 053 0.036 0.006: 3.5E-08 0.182
16 r51800961 HNF4A r51800961 Cm 0.96 0.149 0.016: 5.1E-20 0.647
17 rs2713536 IRS1 rs1515100 1.000 CIT 038 0.038 0.006: 3.4E-10 0.082
18 rs13241165 KLF14 4731702 1.000 T/IA 0.51 0.037 0.006: 84E-10 0.965
19 rs386000 LILRA3/5 rs386000 CIG 0.26 0.043 0.007 . 56E-09 0818
20 r1532085 LIPC r1532085 AG 0.40 0.121 0.006: 4.2E-86 0.688
21 rs10438978 LIPG rs10438978 CIT 0.81 0.095 0.008: 7.7E-36 0.064
22 rs12678919 LPL rs12678919 GIA 0.09 0.167 0.011: 57E-54 0.411
23 rs3741414 LRP1 rs11613352 0.959 e 027 0.028 0.007 . 9.4E-05 0.185
24 rs4660293 MACF1, PABPC4 rs4660293 AG 077 0.039 0.007: 2.2E-08 0.201
25 rs10838692 MADD rs10838692 CIT 0.36 0.080 0.006: 82E-21 0.704
26 rs970548 MARCHS rs970548 CIA 0.25 0.028 0.007: 3.8E-05 0.787
27 rs7134594 MMAB-MVK rs7134594 e 052 0.036 0.006: 1.7E-09 0128
28 rs483465 MSL2L1 rs1279840 1.000 AIG 0.21 0.045 0.007: 3.7E-10 0.226
29 rs12848394 PGS1 rs4129767 0.904 CIT 0.55 0.034 0.006: 3.9E-08 0.359
30 rs12748152 ¢ PIGV-NROB2 rs12748152 CT 0.91 0.050 0.010: 1.3E-08 0.672
& rs6073972 PLTP rs6065906 1.000 CIG 0.81 0.065 0.008: 9.2E-18 0.093
32 rs9987289 PPP1R3B rs9987289 GIA 0.80 0.094 0.010: 57E-20 0.352
33 rs78058190 PRKAG3 rs78058190 GIA 0.95 0.141 0.020; 57E-12 0.811
34 rs73591976  RANBP10, LCAT rs16942887 1.000 AIC 012 0.096 0.009: 86E-26 0117
35 rs7188861 RMI2 2867936 0.813 AIC 0.20 0.044 0.008: 6.9E-09 0.734
36 rs1936800 RSPO3 rs1936800 CIm 0.47 0.021 0.006 : 4.8E-04 0.858
37 rs838880 SCARB1 rs838880 cT 0.36 0.056 0.006: 3.7E-18 0.645
38 rs13107325 SLC39A8 rs13107325 CIm 097 0.120 0.018: 96E-12 0.345
38 rs2814944 SNRPC rs2814944 G/A 0.84 0.048 0.008: 1.7E-08 0.085
40 rs10808546 TRIB1 rs2954029 1.000 TiC 0.46 0.037 0.006: 3.7E-09 0.692
41 rs540885 TTC39B rs643531 1.000 AG 0.87 0.055 0.009: 52E-10 0.733
42 rs7115089 UBASH3B rs7941030 0.871 GIC 0.39 0.019 0.006: 22E-03 0.349
43 rsa754344 UBE2L3 rs181362 1.000 AG 0.78 0.045 0.007: 22E-10 0.514
44 rs998584 VEGFA rs1358980 0.837 CIA 0.51 0.018 0.006 : 49E-03 0.786
45 rs4983559  ZBTB42-AKT1 54983559 G/A 0.38 0.039 0.007: 1.9E-08 0.297
48 rs1689800 ZNFB438 rs1689800 AG 067 0.033 0.006: 1.6E-07 0757

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position = SNP
identification used to extract genotyping data from psychiatric cohort. HWE p-value = p-value calculated with
genotyping data from psychiatric cohort.
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S4 Table. List of the selected SNPs from combined meta-analyses with their B-effect on HDL and HWE p-

value
Number Artcle  SNP Nearestgene UL 10 (R0 Ll ) EAF reciomen) SE | paiue |pvalus
1 | rs1883025 ABCA1 rs1883025 cIT 0.76 0.085 0.007 6.9E-31 | 0463
2 D rs4148008 ABCAS rs4148005 1.000 CIG 0.67 0.028 1E-12 | 0546
3 D | rs13076253 ACAD11 rs13076253 GIT 0.86 0.028 EE-09 | 0.080
4 D rs2602836 ADH5 rs2602836 NG 0.44 0.019 EE-08 | 0.129
5 D rs2923084 AMPD3 rs2923084 NG 0.82 0.026 5E-08 | 0.062
6 D rs7256436 ANGPTL4 rs2278236 0.965 AC 0.53 0.032 2E-08 | 0788
7 D rs737337 ANGPTLS rs737337 TIC 0.89 0.056 BE-17 | 0.511
8 | rs964184 APO-cluster rs964184 CIG 0.87 0.102 0.009; 97E-29 = 0482
9 | rs2678379 APOB rs1042034 1.000 NG 0.24 0.065 0007 72E-21 . 0192
10 D rs6450176 ARL15 rs6450176 GIA 0.74 0.025 7TE-10 | 0.287
1 | rs2606736 ATGT rs2606736 cIT 0.28 0.034 0.006 3.7E-08 | 0.734
12 D | rs10019888 Cdorf52 rs10019888 NG 0.82 0.027 5E-08 | 0461
13 | rs6657811 | CELSR2-SORT1 rs6657811 TIA 0.12 0.057 0.009: 19E-09 ;| 0637
14 [ rs17231506 CETP rs3764261 1.000 TIC 0.31 0.243 0.006 6.9E-316' 0432
15 D rs605066 GITED2 rs651837 1.000 TIC 0.58 0.028 3E-08 | 0756
16 D rs2925979 CMIP rs2925979 cIT 0.69 0.035 1E-19 | 0479
17 D | rs12328675 COBLLA1 rs12328675 cIT 0.13 0.045 2E-15 | 0.542
18 D rs1047891 CPS1 rs1047891 CIA 0.67 0.027 9E-10 | 0.737
19 D rs702485 DAGLB rs702485 GIA 0.45 0.024 BE-12 . 0905
20 D rs174546 FADS1-2-3 rs174546 cIT 0.64 0.039 BE-28 | 0450
21 D rs3822072 FAM13A rs3822072 GIA 0.54 0.025 4E-12 | 0.237
22 D rs1121980 FTO rs1121980 GIA 0.57 0.020 7TE-09 | 0812
23 | rs4846914 GALNT2 rs4846914 NG 0.59 0.048 0.006: 33E-14 | 0441
24 | rs77147124 GPAM rs1129555 1.000 NG 0.28 0.039 0.007; 74E-09 ' 0418
25 D rs6805251 GSK3B rs6805251 TIC 0.39 0.020 1E-08 | 0693
26 D | rs17695224 HAS1 rs17695224 GIA 0.74 0.029 2E-13 | 0.916
27 D | rs12145743 i HDGF-PMVK rs12145743 GIT 0.24 0.020 2E-08 | 0.946
28 | rs116569761 HLA-area rs9275052 NG 0.53 0.036 0.006; 35E-08 | 0182
29 | rs1800961 HNF4A rs1800961 cIT 0.96 0.149 00161 51E-20 | 0647
30 D rs4917014 IKZF1 rs4917014 GIT 0.32 0.022 1E-08  0.201
31 | rs2713536 IRS1 rs1515100 1.000 cIT 0.38 0.038 0006 34E-10 | 0082
32 | rs13241165 KLF14 rs4731702 1.000 TIA 0.51 0.037 0.006; 84E-10 | 0965
33 D rs2652834 LACTB rs2652834 GIA 0.79 0.028 4E-11 | 0.346
34 | rs386000 LILRA3/5 rs386000 CIG 0.26 0.043 0.007; 56E-09 | 0818
35 | rs1532085 LIPC rs1532085 NG 0.40 0.121 0006 42E-86 . 0688
36 | rs10438978 LIPG rs10438978 cIT 0.81 0.095 0.008; 7.7E-36 | 0.064
a7 | rs12678919 LPL rs12678919 GIA 0.09 0.167 0011 57E-54 | 0411
38 D | rs11613352 LRP1 rs11613352 TIC 0.26 0.028 2E-13 | 0.185
39 | rs4660293 MACF1, PABPC4 rs4660293 NG 0.77 0.039 0.007: 22E-08 ; 0201
40 | rs10838692 MADD rs10838692 cIT 0.36 0.060 0.006; 82E-21 | 0.704
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Cardiometabochip

Allele

R-effect

GWAS

HWE

Number: Article SNP Nearest gene position LD (R?) (effect/other) EAF (effect/other) SE p-value :p-value
41 D rs970548  MARCHS-ALOX5 rs970548 CIA 0.26 0.026 2E-10 | 0.787
42 D | rs12967135 MC4R rs523288 1.000 GIA 0.75 0.026 4E-08 | 0.327
43 D rs499974 MOGAT2-DGAT2 rs499974 CIA 0.81 0.026 1E-08 | 0.472
44 I rs7134594 MMAB-MVK rs7134594 TIC 0.52 0.036 0.006: 1.7E-09 | 0.128
45 I rs483465 MSsL2L1 rs1279840 1.000 AG 0.21 0.045 0.007: 3.7E-10 . 0226
46 D | rs11246602 OR4C46 rs11246602 CT 0.15 0.034 2E-10 | 0.140
47 D rs7134375 PDE3A rs7134375 AIC 0.43 0.021 1E-08 : 0.526
48 D rs731839 PEPD rs731839 AG 0.65 0.022 3E-09 | 0.109
49 I rs12948394 PGS1 rs4129767 0.904 CIm 0.55 0.034 0.006 3.9e-08 . 0.359
50 D | rs12748152 | PIGV-NROB2 rs12748152 CT 0.91 0.051 1E-15 § 0672
51 I rs6073972 PLTP rs6065906 1.000 CIG 0.81 0.065 0.008: 9.2E-18 . 0.093
52 I rs9987289 PPP1R3B rs9987289 GIA 0.90 0.094 0.010: 5.7E-20 . 0.352
53 I rs78058190 PRKAG3 rs78058190 GIA 0.95 0.141 0.020: 5.7E-12 . 0811
54 | rs73591976 | RANBP10, LCAT rs16942887 1.000 AIC 0.12 0.096 0.009: 86E-26 | 0117
55 D rs2013208 RBMS rs2013208 TIC 0.50 0.025 9E-12 | 0.374
56 I rs7188861 RMI2 rs2867936 0.813 AIC 0.20 0.044 0.008: 6.9E-09 : 0734
57 D rs1936800 RSPO3 rs1936800 o) 0.49 0.020 3E-10 | 0.858
58 D rs4759375 SBNO1 rs4759377 1.000 TIC 0.08 0.056 3E-08 | 0.380
59 I rs838880 SCARBH rs838880 CT 0.36 0.056 0.006: 3.7E-18 | 0645
60 I rs13107325 SLC39A8 rs13107325 o) 0.97 0.120 0.018 9.6E-12 . 0.345
61 I rs2814944 SNRPC rs2814944 GIA 0.84 0.048 0.008: 1.7E-08 . 0.085
62 D rs4142995 SNX13 rs4142995 GIT 0.62 0.026 9E-12 | 0.869
63 D rs13326165 STAB1 rs13326165 AG 0.21 0.029 9E-11 | 0.099
64 D rs11869286 STARD3 chr17:35067382 CIG 0.65 0.032 3E17 | 0.142
65 D | rs17173637 TMEM1TBA rs17173637 TIC 0.88 0.036 2E-08 : 0.830
66 I rs10808546 TRIB1 rs2954029 1.000 TIC 0.46 0.037 0.006: 3.7E-09 . 0592
67 I rs540885 TTC39B rs643531 1.000 AG 0.87 0.055 0.009: 5.2E-10 . 0.733
68 D rs7941030 UBASH3B rs7941030 cT 0.39 0.027 1E-14 | 0.349
69 I rsh754344 UBE2L3 rs181362 1.000 AG 0.78 0.045 0.007: 2.2E-10 | 0514
70 D rs998584 VEGFA rs1358980 0.837 CIA 0.51 0.026 2E-11 | 0.786
71 I rs4983559 | ZBTB42-AKTH rs4983559 GIA 0.38 0.039 0.007: 1.9E-08 | 0.297
72 D rs1689800 ZNFE48 rs1689800 AG 0.65 0.034 5E-20 | 0.757
73 D rs4765127 ZNFB64 rs110567408 1.000 TIG 0.35 0.032 8E-10 | 0.834

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error, |: meta-analysis from Engage Consortium
(from Surakka and al.), D: meta-analysis from the Global Lipids Genetics Consortium (from Willer and al.).
CardioMetabochip position = SNP identification used to extract genotyping data from psychiatric cohort. HWE p-value
= p-value calculated with genotyping data from psychiatric cohort.
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S5 Table. List of SNPs from the Global Lipids Genetics Consortium meta-analysis with their B-effect on LDL

and HWE p-value

Number | SNP  Nearestgene ““ T8 LD () (orecuinen) EAF (atastioter) pvalue pralue
1 rs4299376 ABCGH/8 rs4299376 GIT 0.31 0.081 4E-72 . 0.508
2 rs9411489 ABO rs507666 TiC 0.21 0.077 2E-41 | 0.934
3 rs17404153 ACAD11 rs17404153 GIT 0.86 0.034 2E-09 : 0188
4 rs2131925 ¢ ANGPTL3 rs3850634 0.965 TIG 0.66 0.048 3E-32 | 0937
5 rs267733 [ ANXAS-CERS2 rs267733 AG 0.84 0.033 5E-09 : 0.761
6 rs964184 APOA1 rs964184 GIC 0.16 0.086 2E-26 | 0.482
7 rs1367117 APCB rs1367117 AG 0.32 0.119 1E-182; 0.083
8 rs1801689 : APOH-PRXCA rs1801689 CIA 0.04 0.103 1E-11 | 0.403
9 rs11065987 BRAP rs11065987 AG 0.59 0.027 1E-11 ¢ 0.509
10 rs4942456 BRCA2 rs4942486 TIC 0.48 0.024 2E-11 ¢ 0.474
11 rs3764261 CETP rs3764261 CIA 0.68 0.053 2E-34 ¢ 0432
12 rs10401969 CILP2 rs10401969 TiC 0.91 0.118 3E-54 | 0505
13 rs7640978 CMTME rs7640978 cIT 0.91 0.039 1E-08 | 0.297
14 rs4530754 ¢ CSNK1G3 rs4530754 AG 0.54 0.028 4E-12 | 0121
15 rs2081687 CYPTA1 rs1030431 0.845 TIC 0.36 0.031 1E-07 ¢ 0.084
16 rs314253 DLG4 rs3142453 TIC 0.63 0.024 3E-10 ¢ 0412
17 rs12670798 DMNAH11 rs12670798 cIT 0.25 0.034 5E-14 ¢ 0.168
18 rs2710642 EHBP1 rs2710642 AG 0.65 0.024 6E-09 | 0.368
19 rs174546 FADS1-2-3 rs174546 cIT 0.64 0.051 2E-39 ¢ 0.450
20 rs1260229 FN1 rs1250229 CIT 0.73 0.024 3E-08 | 0083
21 rs9488822 FRK rs3798236 1.000 TIA 0.36 0.031 2E-07 | 0.593
22 rs2255141 GPAM rs2255141 AG 0.30 0.030 1E-13 | 0.380
23 rs1800562 HFE rs1800562 GIA 0.93 0.062 8E-14 : 0.778
24 rs3177928 HLA rs3177928 AG 017 0.045 3BT | 0786
25 rs12916 HMGCR rs12916 cIT 0.40 0.073 8E-78 ;. 0.900
26 rs1169288 HNF1A rs1169288 CIA 0.34 0.038 6E-21 | 0.639
27 rs2000999 HFR rs2000999 AG 0.20 0.065 4E-41 ¢ 0.716
28 rs10490626 INSIG2 rs10490626 GIA 0.92 0.051 2E-12 ¢ 0.291
28 rs514230 IRF2BF2 rs514230 TIA 0.52 0.036 9E-12 ¢ 0167
30 rs6511720 LDLR rs6511720 GIT 0.88 0.221 4E-262 | 0.346
31 rs12027135: LDLRAP1 rs12027135 TIA 0.54 0.030 2E-14 ¢ 0.721
32 rs2030746 ¢ LOCB4931 rs2030746 TiC 0.40 0.021 9E-09 | 0.383
33 rs1564348 LPA rs1564348 CIT 0.18 0.048 3E-21 ¢ 0133
34 rs6818397 LRPAP1 rs6818397 GIA 0.42 0.022 2E-08 | 0.783
35 rs4722551 MIR148A rs4722551 CIT 0.20 0.039 4E-14 : 0633
36 rs2642442 MOSCH1 rs2642442 TiC 0.67 0.036 5E-11 | 0.555
37 rs5763662 MTMR3 rs5763662 TiC 0.04 0.077 1E-08 | 0.664
38 rs3757354 MYLIP rs3757354 CIT 0.76 0.038 2E-17 ¢ 0142
39 rs2072183 NPC1L1 rs2072183 CIG 0.29 0.039 7E-16 ¢ 0.100
40 rs8017377 NYNRIN rs8017377 AG 0.46 0.030 3E-15 ¢ 0497
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Number SNP Nearest gene Cardi::;:i?::“hip LD (R?) [eff:tl:-!:her] EAF [ef:ﬂ.::::tc;er] p?\‘;r:fuse p:t.:ﬁe
41 rs7206971 OSBPLT rs6504872 0.935 AG 0.49 0.029 3E-07 : 0328
42 rs2479409 PCSK9 rs2479409 GIA 0.32 0.064 3E-50 | 0597
43 rs12748152; PIGV-NROB2 rs12748152 TiC 0.09 0.050 3E-12 . 08672
44 irs11136341 PLEC1 rs11785060 1.000 GIA 0.40 0.045 TE-12 | 0.231
45 rs4253776 PPARA rs4253776 TIC 0.1 0.031 3E-08 « 0319
46 rs9987289 PPP1R3B rs9987289 GIA 0.90 0.071 9E-24 | 0352
47 rs2328223 SNX5 rs2328223 CIA 0.21 0.030 6E-09 | 0.559
48 rs629301 SORT1 rs646776 1.000 TIG 0.76 0.167 BE-241; 0.568
49  irs10102164 SOX17 rs10102164 AG 0.21 0.032 4E-11 . 0.666
50 rs364585 SPTLC3 rs364585 GIA 0.62 0.025 4E-10 ¢ 0.730
51 rs11220462; ST3GAL4 rs11220462 AG 0.14 0.059 TE-21 | 0.642
52 rs6882076 TIMD4 rs6882076 oh) 0.64 0.046 3E-31  0.199
53 rs6029526 TOP1 rs6072249 1.000 AT 0.47 0.044 5E-18 | 0999
54 rs2954029 TRIB1 rs2954029 AT 0.53 0.056 2E-50 ¢ 0.592
55 rs3780181 VLDLR rs3780181 AG 0.92 0.044 2E-09 | 0.371

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position = SNP

identification used to extract genotyping data from psychiatric cohort. HWE p-value
genotyping data from psychiatric cohort.
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S6 Table. List of the selected SNPs from the Engage Consortium meta-analysis with their 3-effect on LDL and

HWE p-value
Number SNP Nearest gene Cardi:cl:;?;i:DChip LD (R?) (eff:r.l‘,'lt.:;:her] EAF (ef:s;:::tc:er] SE p?\‘::fuse p:‘:ﬁe
1 rs4299376 ABCG8 rs4299376 GIT 0.27 0.074 0.007: 8.3E-28 . 0.598
2 rs649129 ABO rs507666 0.955 TIC 0.20 0.064 0.008: 1.3E-17 | 0.934
3 rs3850634 ANGPTL3, DOCK7 rs3850634 TIG 0.68 0.042 0.006: 47E-11 . 0.937
4 rs1367117 APOB rs1367117 AIG 0.32 0.108 0.007: 71E-58 | 0.053
5 rs964184 APO-cluster rs964184 GIC 0.13 0.080 0.009: 36E-18 . 0.482
5] rs1065853 APQE rs1065853 GIT 0.93 0.603 0.013: <bE-324 ' 0.515
7 rs646776 | CELSR2-SORT1 rs646776 TIC 0.22 0.146 0.007: 2.0E-91 . 0.568
8 rs247617 CETP rs3764261 1.000 CIA 0.69 0.069 0.007: 1.7E-24 | 0.432
9 rs10401969 CILP2 rs10401969 TIC 0.92 0.111 0.012: 1.0E-21 . 0.595
10 rs1030431 CYPTA1 rs1030431 AIG 0.31 0.037 0.007: 25E-08 | 0.084
11 rs314253 DLG4 rs314253 TIC 0.63 0.040 0.007: 16E-09 . 0.412
12 rs12670798 DNAH11 rs12670798 CIT 0.24 0.050 0.007: 7.3E-12 | 0.168
13 rs174583 FADS1-2-3 rs174546 1.000 CIT 0.62 0.063 0.006: 1.1E-22 . 0.450
14 rs79588679 GATAB rs79588679 CIT 0.83 0.049 0.009: 36E-08 | 0.454
15 rs1129555 GPAM rs2255141 0.959 AIG 0.27 0.035 0.007: 54E-07 . 0.380
16 rs11136341 GRINA, PLECI rs11785060 1.000 GIA 0.34 0.038 0.007: 9.8E-09 | 0.231
17 rs3177928 HLA-area rs3177928 AIG 017 0.050 0.009: 1.3E-08 . 0.786
18 rs12916 HMGCR rs12916 CIT 0.41 0.089 0.006: 7.0E-45 | 0.900
19 rs1169314 HNF1A rs2464196 1.000 GIA 0.30 0.037 0.007: 2.3E-08 | 0.411
20 rs11648003 | HP-HPR-DHX38 chr16:70609849 GIA 0.22 0.067 0.007: 2.0E-20 | 0.976
21 rs514230 IRF2BP2 rs514230 TIA 0.54 0.041 0.006: 1.1E-11 . 0.167
22 rs112374545 LDLR chr19:11049899 CIT 0.89 0.250 0.010:7.2E-142: 0.369
23 rs12027135 LDLRAP1 rs12027135 TIA 0.54 0.032 0.006: 6.9E-08 | 0.721
24 rs2297374 LPA rs9295125 0.865 CIT 0.64 0.029 0.006: 4.7E-06 | 0.056
25 rs6818397 LRPAP1 rs6818397 TIG 0.36 0.025 0.007: 1.4E-04 = 0.783
26 rs2902941 MAFB rs2902941 AIG 0.66 0.022 0.006: 6.0E-04 | 0.223
27 rs3757354 MYLIP rs3757354 CIT 0.75 0.043 0.007: 2.0E-09 . 0.142
28 rs41279633 NPC1L1 chr7:44547401 TIG 0.18 0.054 0.008: 1.0E-10 | 0.432
29 rs11621792 | NYNRIN, CBLN3 rs6573778 0.934 TIC 0.42 0.037 0.007: 1.7E-08 . 0.806
30 rs7206971 OSBPL7 rs6504872 0.935 AIG 0.51 0.038 0.006: 3.5E-10 | 0.328
N rs2479409 PCSK9 rs2479409 GIA 0.31 0.071 0.007: 3.5E-23 . 0.597
32 rs12748152 PIGV-NROB2 rs12748152 TIC 0.09 0.047 0.010: 5.2E-06 | 0.672
33 rs2920503 PPARG rs2920502 0.959 TIC 0.30 0.041 0.007: 29e-10 . 0.280
34 rs2126259 PPP1R3B rs9987289 0.803 CIT 0.89 0.078 0.010: 3.8E-15 | 0.352
35 rs2618568 SNX5 rs2618568 CIA 0.37 0.049 0.006: 6.9E-15 . 0.613
36 rs11220462 ST3GAL4 rs11220462 AIG 0.14 0.053 0.009: 3.0E-09 | 0.642
37 rs6882076 : TIMD4-HAVCR1 rs6882076 CIT 0.65 0.042 0.006: 1.7E-11 . 0.199
38 rs2954022 TRIB1 rs2954029 0.966 CIA 0.52 0.054 0.006: 28E-19 | 0.592
39 rs117492019 ZNF274 rs117492019 GIT 0.81 0.047 0.008: 1.2E-08 . 0.072

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position
identification used to extract genotyping data from psychiatric cohort. HWE p-value

genotyping data from psychiatric cohort.
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S7 Table. List of the selected SNPs from combined meta-analyses with their B-effect on LDL and HWE p-
value

Number : Article SNP Nearest gene Cardi:cl:'ls?;i:clchip LD (R?%) (eff:::;:her] EAF (ef:s;:::tfer] SE p(-;\‘;r:fuse p:":':EE
1 I rs4299376 ABCGS rs4299376 GIT 0.27 0.074 0.007: 83E-28: 0598
2 | rs649129 ABO rs507666 0.955 TiC 0.20 0.064 0008 1.3E17 : 0934
3 D rs17404153 ACAD11 rs17404153 GIT 0.86 0.034 20E-09: 0.198
4 I rs3850634 ANGPTL3, DOCK7 rs3850634 TIG 0.68 0.042 0.006: 47E-11; 0937
5 D rs267733 ANXA9-CERS2 rs267733 AIG 0.84 0.033 50E-09 | 0.761
6 I rs964184 APO-cluster rs964184 GIC 0.13 0.080 0.009: 36E-18: 0482
7 | rs1367117 APOB rs1367117 AIG 0.32 0.108 0.007: 71E-58 | 0.053
8 | rs1065853 APOE rs1065853 GIT 0.93 0.603 0013} <bE-324: 0515
9 D rs1801689 | APOH-PRXCA rs1801689 CIA 0.04 0.103 1.0E-11 . 0.403
10 D rs11065987 BRAP rs11065987 AIG 0.59 0.027 1.0E-11{ 0.509
11 D rs4942486 BRCA2 rs4942486 TIC 0.48 0.024 2.0E-11 0474
12 | rsB46776 CELSR2-SORT1 rs646776 TiC 0.22 0.146 0.007: 2.0E-91 ; 0.568
13 | rs247617 CETP rs3764261 1.000 CiA 0.69 0.069 0.007; 1.7E-24 | 0432
14 I rs10401969 CILP2 rs10401969 TIC 0.92 0.111 0012 1.0E-21; 0595
15 D rs7640978 CMTME rs7640978 CIT 0.91 0.039 1.0E-08 | 0297
16 D rs4530754 CSNK1G3 rs4530754 AIG 0.54 0.028 40E-12 1 0121
17 | rs1030431 CYPTA1 rs1030431 AIG 0.31 0.037 0.007: 25E-08 | 0.084
18 | rs314253 DLG4 rs314253 TIC 0.63 0.040 0.007: 16E-09 ; 0412
19 I rs12670798 DNAH11 rs12670798 CIT 0.24 0.050 0.007; 7.3E-12 | 0.168
20 D rs2710642 EHBP1 rs2710642 AIG 0.65 0.024 6.0E-09 | 0.368
21 I rs174583 FADS1-2-3 rs174546 1.000 CIT 0.62 0.063 0.006: 1.1E-22 | 0450
22 D rs1250229 FI1 rs1250229 CT 0.73 0.024 3.0E-08 | 0.093
23 D rs9488822 FRK rs3798236 1.000 TIA 0.36 0.031 20E-07 | 0583
24 I rs79588679 GATAG rs79588679 CIT 0.83 0.049 0.009: 36E-08; 0454
25 D rs2255141 GPAM rs2255141 AIG 0.30 0.030 1.0E-13} 0.380
26 I rs11136341 |  GRINA, PLECI rs11785060 1.000 GIA 0.34 0.038 0.007: 9.8E-09 | 0231
27 D rs1800562 HFE rs1800562 GIA 0.93 0.062 80E-14 | 0778
28 | rs3177928 HLA-area rs3177928 AG 017 0.050 0009 1.3E-08 : 0.786
29 I rs12916 HMGCR rs12916 CIT 0.41 0.089 0.006: 7.0E-45 0900
30 | rs1169314 HNF1A rs2464196 1.000 GIA 0.30 0.037 0.007: 23E-08 : 0411
<3| I rs11648003 | HP-HPR-DHX38 | chr16:70609849 GIA 022 0.067 0.007; 2.0E-20 | 0976
32 D rs10490626 INSIG2 rs10480626 GIA 0.92 0.051 20E-12 | 0.291
33 | rs514230 IRF2BP2 rs514230 TIA 0.54 0.041 0006 1.1E-11; 0167
34 I rs112374545 LDLR chr19:11049899 CIT 0.89 0.250 0.010:7.2E-142; 0.369
35 D rs12027135 LDLRAP1 rs12027135 TIA 0.54 0.030 20E-14 0721
36 D rs2030746 LOC84931 rs2030746 TIC 0.40 0.021 9.0E-09 | 0.393
a7 D rs1564348 LPA rs1564348 CIT 0.18 0.048 3.0E-21 ! 0133
38 D rs6818397 LRPAP1 rs6818397 GIA 0.42 0.022 20E-08 : 0.783
39 I rs2902941 MAFB rs2902941 AIG 0.66 0.022 0.006: 6.0E-04 | 0223
40 D rsd 722551 MIR148A rsd 722551 CT 0.20 0.039 4 0E-14 | 0633
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Cardiometabochip

Allele

R-effect

GWAS

HWE

Number Article SNP Nearest gene position LD (R%) (effect/other) EAF (effect/other) SE p-value :p-value
41 D rs2642442 MOSC1 rs2642442 TiIC 0.67 0.036 50E-11 ;| 0555
42 D rsa763662 MTMR3 rsa763662 TIC 0.04 0.077 1.0E-08 | 0.664
43 I rs3757354 MYLIP rs3757354 CiT 0.75 0.043 0.007: 2.0E-09 ; 0.142
44 I rs41279633 NPC1L1 chri:44547401 TIG 018 0.054 0.008: 1.0E-10: 0.432
45 D rs8017377 NYNRIN rs8017377 AG 0.46 0.030 3.0E-15 ; 0497
46 I rs7206971 OSBPL7 rs6504872 0.935 AIG 0.51 0.038 0.006: 3.5E-10 ¢ 0.328
47 I rs2479409 PCSKS rs2479409 GIA 0.31 0.071 0.007: 3.5E-23 1 0597
48 D rs12748152 PIGV-NROB2 rs12748152 TIC 0.09 0.050 3.0E-12 : 0672
49 D rs4253776 PPARA rs4253776 TiIC 0.11 0.031 3.0E-08: 0319
50 I rs2920503 PPARG rs2920502 0.959 TIC 0.30 0.041 0.007: 29E-10: 0.280
51 D rs9987289 PPP1R3B rs9987289 GIA 0.90 0.071 9.0E-24 | 0352
52 I rs2618568 SNX5 rs2618568 CIA 037 0.049 0.006: 69E-15: 0613
53 D rs10102164 SOX17 rs10102164 AG 0.21 0.032 4.0E-11 ; 0.666
54 D rs364585 SPTLC3 rs364585 GIA 0.62 0.025 4 0E-10 ¢ 0.730
55 I rs11220462 ST3GAL4 rs11220462 AG 0.14 0.053 0.009: 3.0E-09 : 0642
56 I rs6882076 | TIMD4-HAVCR1 rs6882076 CiT 0.65 0.042 0.006: 1.7E-11 : 0.199
57 D rs6029526 TOP1 rs6072249 1.000 AT 0.47 0.044 50E-18 : 0999
58 I rs2954022 TRIB1 rs2954029 0.966 CIiA 052 0.054 0.006: 28E-19 | 0592
59 D rs3780181 VLDLR rs3780181 AIG 092 0.044 2.0E-09 : 0.371
60 I rs117492019 ZNF274 rs117492019 GIT 0.81 0.047 0.008: 1.2E-08 : 0.072

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error, I: meta-analysis from Engage Consortium
(from Surakka and al.), D: meta-analysis from the Global Lipids Genetics Consortium (from Willer and al.).
CardioMetabochip position = SNP identification used to extract genotyping data from psychiatric cohort. HWE p-value
= p-value calculated with genotyping data from psychiatric cohort.
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S8 Table. List of SNPs from the Global Lipids Genetics Consortium meta-analysis with their B-effect on TC

and HWE p-value

Cardiometabochip

Allele

R-effect

GWAS

HWE

Number SNP Nearest gene position LD (R?) (effect/other) EAF (effect/other) | p-value | p-value
1 rs1883025 ABCA1 rs1883025 CIT 0.75 0.067 6.E-53 0.463
2 rs2287623 ABCB11 rs2287623 GIA 0.41 0.027 4 E-12 0.319
3 rs4299376 ABCG5/8 rs4299376 GIT 0.31 0.079 3E-73 0.598
4 rs9411489 ABO rs507666 0.955 TIC 0.21 0.069 3.E-35 0.934
5 rs2131925 ANGPTL3 rs3850634 0.965 TIG 0.66 0.075 4 E-80 0.937
6 rs964184 AFPOA1 rs964184 GIC 0.16 0121 30E-55 0.482
7 rs1367117 APOB rs1367117 AG 0.32 0.100 3E-139 0.053
8 rs1077514 ASAP3 rs1077514 TIC 0.85 0.030 6.E-09 0.718
9 rs11065987 BRAP rs11065987 AG 0.59 0.0 2.E-16 0.509
10 rs2814982 Céorf106 rs2814982 CIT 0.88 0.044 4 E-15 0.589
11 rs3764261 CETP rs3764261 AIC 0.32 0.050 4 E-3 0.432
12 rs10401969 CILP2 rs10401969 TIC 0.91 0.137 4 E-T7 0.595
13 rs7640978 CMTMB rs7640978 CIT 0.91 0.038 2.E-08 0.297
14 rs4530754 CSNK1G3 rs4530754 AG 0.54 0.023 2.E-09 0.121
15 rs2081687 CYPTA1 rs1030431 0.845 TiC 0.36 0.038 9.E-12 0.084
16 rs314253 DLG4 rs314253 TIC 0.63 0.023 3.E-10 0.412
17 rs12670798 DNAH11 rs12670798 CIT 0.25 0.036 1.E-16 0.168
18 rs2277862 ERGIC3 rs2277862 CIT 0.85 0.035 5E-1 0.287
19 rs7515577 EVI5 rs6603981 1.000 AIC 0.77 0.037 2. E-08 0.704
20 rs174546 FADS1-2-3 rs174546 CIT 0.64 0.048 3E-37 0.450
21 rs11694172 FAM117B rs11694172 GIA 0.25 0.028 2.E-09 0.136
22 rs492602 FLJ36070 rs492602 GIA 0.47 0.031 1.E-16 0.125
23 rs9488822 FRK rs3798236 1.000 TIA 0.36 0.034 1.E-09 0.593
24 rs1260326 GCKR rs1260326 TIC 0.39 0.051 3E-42 0.633
25 rs2255141 GPAM rs2255141 AG 0.3 0.031 7E-16 0.380
26 rs1997243 GPR146 rs1997243 GIA 0.16 0.033 3.E-10 0.596
27 rs1800562 HFE rs1800562 GIA 0.93 0.056 2E-12 0.778
28 rs3177928 HLA rs3177928 AG 017 0.048 1.E-21 0.786
29 rs12916 HMGCR rs12916 CIT 0.4 0.068 5E-74 0.900
30 rs1169288 HNF1A rs1169288 CIA 0.34 0.032 4 E-17 0.639
H rs1800961 HNF4A rs1800961 CIT 0.95 0.106 1.E-24 0.647
32 rs2000999 HPR rs2000999 AG 0.2 0.062 7E-41 0.716
33 rs17526895 INSIG2 rs17526895 GIA 0.92 0.042 6.E-09 0212
34 rs514230 IRF2BP2 rs514230 TIA 0.52 0.039 5E-14 0.167
35 rs2758886 KCNK17 rs2758886 AG 0.3 0.023 3.E-08 o707
36 rs6511720 LDLR rs6511720 GIT 0.88 0.185 5E-202 0.346
37 rs12027135 LDLRAP1 rs12027135 TIA 0.54 0.027 5E-12 0721
38 rs1532085 LIPC rs1532085 AG 0.4 0.054 7.E-47 0.688
39 rs7241918 LIPG rs10438978 1.000 TIG 0.81 0.058 4E-18 0.064
40 rs2030746 LOC84931 rs2030746 TIC 0.4 0.020 4 E-08 0.393
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Number SNP Nearest gene Cardi:;?;Z:DChip LD (R%) (eff:r.l‘.lt?;:her] EAF (ef:::::t?er] p?\‘::fuse p:‘:ﬁe
41 rs1564348 LPA rs1564348 cIT 0.18 0.049 3.E-23 0.133
42 r=6818397 LRPAP1 r=6818397 GIA 042 0.025 1.E-10 i 0.783
43 rs970548 | MARCHS8-ALOX5 rs970548 CIA 0.26 0.025 8.E-09 0.787
44 rs4722551 MIR148A rs4722551 cIT 0.2 0.029 7.E-09 0.633
45 rs2642442 MOSCA1 rs2642442 TIC 0.67 0.035 3E-1 0.555
46 rs3757354 MYLIP rs3757354 cIT 0.76 0.035 2.E-15 0.142
a7 rs1495741 NAT2 rs1495741 GIA 0.26 0.032 3.E-08 0.835
48 rs2072183 NPC1L1 rs2072183 CIG 0.29 0.026 4 E-15 0.100
49 rs7206971 OSBPL7 rs6504872 0.935 NG 0.49 0.030 1.E-07 0.328
50 rs2479409 PCSK9 rs2479409 GIA 0.32 0.054 2.E-29 0.597
51 rs4883201 = PHC1-A2ML1 rs4883201 NG 0.88 0.035 2.E-09 0.581
52 rs11603023 PHLDB1 rs11603023 TIC 0.42 0.022 1.E-08 0.418
53 rs11136341 PLECT rs11785060 1.000 GIA 0.4 0.028 6.E-09 0.231
54 rs4253772 PPARA rs4253772 TIC 0.11 0.032 1.E-08 0.833
55 rs9987289 PPP1R2B rs9987289 GIA 0.9 0.084 2.E-26 0.352
56 rs13315871 PXK rs13315871 GIA 0.9 0.026 4 E-08 0.213
57 rs7570971 RAB3GAP1 rs7570971 AC 0.35 0.030 1.E-13 0.324
58 rs629301 SORT1 r=646776 1.000 TIG 0.76 0.134 2E-170 | 0568
59 rs10102164 SOX17 rs10102164 NG 0.21 0.030 5E-11 0.666
80 rs10128711 SPTY2D1 rs10128711 CIT 0.7 0.031 1.E-11 0.844
61 rs11220462 ST3GAL4 rs11220462 AIG 0.14 0.047 6.E-15 0.642
62 rs6882076 TIMD4 rs6882076 cIT 0.64 0.051 5E-41 0.199
62 rs138777 TOM1 r=138777 NG 0.36 0.021 5.E-08 0.072
64 rs6029526 TOP1 rs6072249 1.000 AT 0.47 0.040 1.E-16 0.999
85 rs2954029 TRIB1 rs2954029 AT 0.53 0.062 2 E-B5 0.592
66 rs581080 TTC39B chr9:15295378 CIG 0.79 0.038 1.E-13 0.156
87 rs7941030 UBASH2B rs7941030 cIT 0.39 0.028 2.E-14 0.349
88 rs10904908:  VIM-CUBN rs10904908 GIA 0.43 0.025 3.E-11 0.869
69 rs3780181 VLDLR rs3780181 AIG 0.92 0.044 7E-10 . 0371

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position = SNP

identification used to extract genotyping data from psychiatric cohort. HWE p-value
genotyping data from psychiatric cohort.
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S9 Table. List of the selected SNPs from the Engage Consortium meta-analysis with their B-effect on TC and

HWE p-value
position )
1 rs1883025 ABCA1 rs1883025 CIT 0.76 0.068 0.007: 6.0E-21 0.463
2 rs4299376 ABCGS8 rs4299376 GIT 0.27 0.069 0.007: 1.5E-25 0.598
3 rs507666 ABO rs507666 AIG 0.18 0.087 0.008: 2.0E-18 | 0.934
4 rs3850634 ANGPTL3, DOCKT7 rs3850634 TIG 0.68 0.076 0.006: 3.8E-34 | 0937
5 rs1041968 AFPOB rs952275 1.000 AIG 0.48 0.095 0.006: 46E-54 ¢ 0123
G rs964184 APO-cluster rs964184 GIC 0.13 0.118 0.009: 37E-39 | 0.482
7 rs7412 APOE chr19:50103919 CIT 0.93 0.413 0.013:7.5E-239: 0964
8 rs646776 | CELSR2-SORT1 rs646776 TIC 0.22 0.120 0.007: 1.9e-64 | 0.568
9 rs10401969 CILP2 rs10401969 TiC 0.92 0.123 0.011: 1.7E-27 | 0.595
10 rs1030431 CYPTA1 rs1030431 AG 0.31 0.035 0.007: 9.4E-08 | 0.084
11 rs314253 DLG4 rs314253 TiC 0.63 0.037 0.007: 25E-08 : 0.412
12 rs55649657 DNAH11 rs12670798 0.853 GIC 0.21 0.052 0.007: 41E-13 ¢ 0.168
13 rs2277862 ERGIC3 rs2277862 CIT 0.89 0.052 0.009: 27E-08: 0.287
14 rs174554 FADS1-2-3 rs174546 1.000 AIG 0.63 0.062 0.006 5.1E-24 : 0.450
15 rs115400054 FAM117B rs6705330 1.000 CIT 0.88 0.054 0.009: 54E-09: 0.055
16 rs1260326 GCKR rs1260326 TIC 0.36 0.045 0.006: 2.5E-13: 0633
17 rs2255141 GPAM rs2255141 AIG 0.27 0.036 0.007: 35E-08: 0.380
18 rs7515577 GVI1-EVIS rs6603981 1.000 AIC 0.80 0.042 0.007: 42E-09 0.704
19 rs3177928 HLA-area rs3177928 AIG 0.16 0.055 0.008: 67E-11: 0.786
20 rs12916 HMGCR rs12916 CIT 0.40 0.082 0.006: 2.9E-40 ¢ 0.900
21 rs1169288 HNF1A rs1169288 CIA 0.33 0.037 0.007: 21E-08 ;| 0639
22 rs11648003 | HP-HPR-DHX38 | chr16:70609849 GIA 0.22 0.070 0.007: 28E-23 ! 0976
23 rs514230 IRF2BP2 rs514230 TIA 0.54 0.048 0.006: 1.1E-15: 0.167
24 rs112374545 LDLR chr19:11049839 CIT 0.89 0.217 0.010:1.5E-113! 0.369
25 rs12027135 LDLRAP1 rs12027135 TIA 0.54 0.032 0.006: T1E-08: 0.721
26 rs1532085 LIPC rs1532085 AG 0.40 0.049 0.006: 46E-16 | 0.688
27 rs7239867 LIPG rs7239867 GIA 0.82 0.047 0.008: 2.3E-09 : 0.118
28 rs12208357 LPA chrb:160463138 TIC 0.06 0.092 0.012: 85E-14 | 0.567
29 rs6818397 LRPAF1 rs6818397 TIG 0.36 0.028 0.007: 2.0E-05: 0.783
30 rs970548 MARCHS rs970548 CIA 0.25 0.035 0.007: 1.5E-07 | 0.787
<) rs2807834 MOSC1 rs2642442 0.962 GIT 0.71 0.037 0.007: 1.7E-08 | 0.555
32 rs2072183 NPC1L1 rs2072183 CiG 0.27 0.041 0.007: 3.2E-08 1 0.100
33 rs7206971 OSBPLT rs6504872 0.935 NG 0.51 0.043 0.006: 37E-13: 0.328
34 rs2479409 PCSK9 rs2479409 GIA 0.31 0.066 0.007: 49E-21 | 0.597
35 rs1699337 PPARG rs1151996 1.000 GIA 0.65 0.043 0.006: 9.3E-12 ! 0.523
36 rs9987289 PPP1R3B rs9987289 GIA 0.90 0.097 0.010 1.4E-21: 0.352
a7 rs6759321 RAB3GAP1 rs6759321 TIG 0.28 0.036 0.007: 7.7E-07 i 0.073
38 rs2814982 SNRPC rs2814982 CIT 0.88 0.027 0.009 3.8E-03: 0.589
39 rs2618568 SNX5 rs2618568 CIA 0.37 0.044 0.006: 1.8E-12: 0613
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Cardiometabochi R-effect
Number SNP Nearest gene p LD (R?) Allele EAF:(effectiother: SE GWAS  HWE
. (effectiother) p-value :p-value
position )

41 rs6882076 | TIMD4-HAVCR1 rs6882076 cT 0.65 0.051 0.006: 6.0E-17 | 0.199

42 rs2954022 TRIB1 rs2954029 0.966 CiA 0.52 0.063 0.006; 2.0E-27 | 0592

43 rsb81080 TTC39B chrg:15295378 CIG 0383 0.027 0.008: 7T6E-04 . 0.156

44 rs7128198 UBASH3B rs7941030 0934 TIC 0.38 0.036 0.006: 40E-09 : 0.349

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position = SNP

identification used to extract genotyping data from psychiatric cohort. HWE p-value =

genotyping data from psychiatric cohort.
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S$10 Table. List of the selected SNPs from combined meta-analyses with their B-effect on TC and HWE p-

value
Number: Article SNP Nearest gene Cardmml:_tabochl LD (R?) (Eff:;l-:;:her] EAF (ef:s;:::tt;'lter] SE p?\‘::fuse p:lr"::EE
position
1 I rs1883025 ABCA1 rs1883025 CIT 0.76 0.068 0.007 6.0E-21 0463
2 D rs2287623 ABCB11 rs2287623 GIA 0.41 0.027 40E-12: 0319
3 | rs4299376 ABCGS8 rs4299376 GIT 0.27 0.069 0.007: 15E-25: 0598
4 | rs507666 ABO rs507666 AG 0.18 0.067 0.008: 20E-18: 0934
5 | rs3850634 ANGPTL3, DOCKY rs3850634 TIG 0.68 0.076 0.006: 38E-34: 0937
6 I rs964184 APO-cluster rs964184 GIC 0.13 0.118 0.009: 3.7E-39: 0482
7 I rs1041968 APOB rs952275 1.000 AG 0.48 0.095 0006 46E-54 0123
8 | rs7412 APOE chr19:50103919 CiT 0.93 0.413 0.013:75E-239; 0964
9 D rs1077514 ASAP3 rs1077514 TIC 0.85 0.030 6.0E-09 : 0718
10 D rs11065987 BRAP rs11065987 AG 0.59 0.031 20E-16: 0509
11 D rs2814982 Ctorf106 rs2814982 CIT 0.88 0.044 40E-15: 0589
12 | rs646776 | CELSR2-SORT1 rs646776 TIC 0.22 0.120 0.007 1.9E-64: 0568
13 D rs3764261 CETP rs3764261 AIC 0.32 0.050 40E-31 0432
14 | rs10401969 CILP2 rs10401969 TIC 0.92 0.123 0.011: 1.7E-27: 0595
15 D rs7640978 CMTME rs7640978 CiT 0.91 0.038 20E-08 0297
16 D rs4530754 CSNK1G3 rs4530754 AG 0.54 0.023 20E-09: 0121
17 | rs4738684 CYPTA1 rs1030431 0.885 AG 0.34 0.041 0006 28E-11: 0084
18 | rs314263 DLG4 rs314263 TIC 063 0.037 0.007: 25E-08; 0412
19 D rs12670798 DNAH11 rs12670798 CIT 0.25 0.036 1.0E-16 0.168
20 I rs2277862 ERGIC3 rs2277862 CIT 0.89 0.052 0.009: 27E-08 0287
21 | rs174554 FADS1-2-3 rs174546 1.000 AG 063 0.062 0.006: 51E-24 0450
22 | rs115400054 FAM117B rs6705330 1.000 CiT 0.88 0.054 0.009: 54E-09: 0055
23 D rs492602 FLJ36070 rs492602 GIA 0.47 0.031 1.0E-16: 0125
24 D rs9488822 FRK rs3798236 1.000 TIA 0.36 0.034 1.0E-09 0593
25 I rs1260326 GCKR rs1260326 TIC 0.36 0.045 0006 25E-13 0633
26 I rs2255141 GPAM rs2255141 AG 0.27 0.036 0.007: 3.5E-08 0380
27 D rs1997243 GPR146 rs1997243 GIA 0.16 0.033 30E-10 0596
28 | rs7515577 GVI1-EVIS rs6603981 1.000 AC 0.80 0.042 0.007: 42E-09i 0704
29 D rs1800562 HFE rs1800562 GIA 0.93 0.056 20E-12: 0778
30 | rs3177928 HLA-area rs3177928 AG 0.16 0.055 0.008: 6.7E-11: 0786
3 | rs12916 HMGCR rs12916 ciT 0.40 0.082 0.006: 2.9E-40; 08900
32 I rs1169288 HNF1A rs1169288 CIA 0.33 0.037 0.007: 21.E-08: 0639
33 D rs1800961 HNF4A rs1800961 CiT 0.95 0.106 1.0E-24 | 0647
34 | rs11648003 i HP-HPR-DHX38 | chr16:70609849 GIA 0.22 0.070 0.007:28E-23: 0976
35 D rs17526895 INSIG2 rs17526895 GIA 0.92 0.042 6.0.E-09 : 0.212
36 | rs514230 IRF2BF2 rs514230 TIA 0.54 0.048 0.006: 1.1.E-15: 0167
37 D rs2758886 KCNK1T rs2758886 AG 0.30 0.023 30E-08: 0707
38 I rs112374545 LDLR chr19:11049899 CIT 0.89 0217 0.010:1.5.E-113; 0369
39 D rs12027135 LDLRAP1 rs12027135 TIA 0.54 0.027 50E-12 0.721
40 | rs1532085 LIPC rs1532085 AG 0.40 0.049 0.006: 46E-16 0688
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Cardiometabochi

Number : Article SNP Nearest gene p LD (R?) [eff:r.l‘:::her] EAF [ef:s;:::tfer] SE p('_;“;r:fuse p:‘:ﬁe
position
41 | rsf239867 LIPG rsf239867 GIA 0.82 0.047 0.008; 2.3.E-09 ; 0.118
42 D rs2030746 LOC84931 rs2030746 TIC 0.40 0.020 40.E-08 | 0.393
43 | rs12208357 LPA chr6:160463138 TIC 0.06 0.092 0.012: B5E-14 . 0567
44 D rs6818397 LRPAP1 rs6818397 GIA 0.42 0.025 1.0E-10: 0.783
45 D rs970548 | MARCHS8-ALOX5 rs970548 CIA 0.26 0.025 8.0.E-09 ; 0.787
46 D rs4722551 MIR148A rs4722551 CIT 0.20 0.029 7.0.E-09 . 08633
47 D rs2642442 MOSC1 rs2642442 TIC 0.67 0.035 3.0.E-11; 0.555
48 D rs3757354 MYLIP rs3757354 CIT 0.76 0.035 20.E-15 0.142
49 D rs1495741 NAT2 rs1495741 GIA 0.26 0.032 3.0.E-08: 0.835
50 | rs2072183 NPC1L1 rs2072183 CIG 0.27 0.041 0.007: 3.2.E-08 . 0.100
51 | rsf206971 OSBPLT rs6504872 0.935 AG 0.51 0.043 0.006: 3.7.E-13 | 0.328
52 I rs2479409 PCSK9 rs2479409 GIA 0.31 0.066 0.007: 4.9.E-21 | 0597
53 D rs4883201 PHC1-A2MLA rs4883201 AG 0.88 0.035 2.0.E-09 | 0.581
54 D rs11603023 PHLDB1 rs11603023 TIC 0.42 0.022 10E-08 0.418
55 D rs11136341 PLEC1 rs11785060 1.000 GIA 0.40 0.038 6.0.E-09 | 0.231
56 D rs4253772 PPARA rs4253772 TIC 0.11 0.032 1.0E-08: 0.833
57 | rs1699337 PPARG rs1151996 1.000 GIA 0.65 0.043 0.006: 9.3.E-12 } 0.523
58 I rs9987289 PPP1R3B rs9987289 GIA 0.90 0.097 0.010: 1.4E-21 . 0.352
59 D rs13315871 PXK rs13315871 GIA 0.90 0.036 40.E-08: 0.213
60 D rs7570971 RAB3GAP1 rs7570971 AIC 0.35 0.030 1.0E-13 1 0.334
61 | rs2618568 SNX5 rs2618568 CIA 0.37 0.044 0.006: 1.8E-12 | 0613
62 D rs10102164 SOX17 rs10102164 AG 0.21 0.030 50.E-11 0666
63 D rs10128711 SPTY2D1 rs10128711 CIT 0.70 0.031 1.0E-11; 0.844
64 D rs11220462 ST3GAL4 rs11220462 AIG 0.14 0.047 6.0E-15: 0.642
65 | rs6882076 | TIMD4-HAVCR1 rs6882076 CIT 0.65 0.051 0.006: 6.0.E-17 ; 0.199
66 D rs138777 TOM1 rs138777 AG 0.36 0.021 50.E-08: 0.072
67 D rs6029526 TOP1 rs6072249 1.000 AT 0.47 0.040 1.0E-16; 0.999
68 I rs2954022 TRIB1 rs2954029 0.966 CIA 0.52 0.063 0.006: 2.0.E-27 | 0592
69 D rs581080 TTC39B chr9:15295378 CIG 0.79 0.038 1.0E-13} 0.156
70 | rs7128198 UBASH3B rs7941030 0.934 TIC 0.38 0.036 0.006: 4.0.E-09 | 0.349
71 D rs10904908 VIM-CUBN rs10904908 GIA 0.43 0.025 3.0.E-11: 0.869
72 D rs3780181 VLDLR rs3780181 AG 0.92 0.044 7.0.E-10; 0.371

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error, I: meta-analysis from Engage Consortium
(from Surakka and al.), D: meta-analysis from the Global Lipids Genetics Consortium (from Willer and al.).
CardioMetabochip position = SNP identification used to extract genotyping data from psychiatric cohort. HWE p-value
= p-value calculated with genotyping data from psychiatric cohort.
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S11 Table. List of SNPs from the Global Lipids Genetics Consortium meta-analysis with their B-effect on TG

and HWE p-value

Number SNP N;::::t Cardi:cl:;?;i:DChip LD (R?) (eff:l.!::her] EAF (ef:s;:::tc:er] :\‘::?ui p:ﬂ:Ee
1 rs1832007 | AKR1C4 rs1832007 AG 0.82 0.033 2E-12 | 0.385
2 rs2131925 . ANGPTL3 rs3850634 0.965 TG 0.66 0.066 3E-T4 | 0937
3 rs964184 APOA1 rs964184 GIC 0.16 0.234 TE-224 . 0.482
4 rs2412710 CAPN3 rs2412710 AG 0.04 0.099 2E-11 ¢ 0.647
5 rs3764261 CETP rs3764261 CIA 0.68 0.040 2E-25 | 0.432
6 rs10401969 CILP2 rs10401969 TIC 0.91 0.121 1E-69 | 0.595
7 rs11649653 CTF1 rs11649653 CIG 0.60 0.027 2E-07 | 0874
8 rs20686888 | CYP26A1 rs2068888 GIA 0.55 0.024 2E-11 ¢ 0.340
9 rs174546 | FADS1-2-3 rs174546 TIC 0.36 0.045 TE-38 | 0.450
10 rs2929282 FRMDS rs2929282 TIA 0.07 0.072 2E-09 | 0.600
" rs9930333 FTO rs1121980 1.000 AG 0.43 0.021 3E-08 | 0.812
12 rs4846914 ©  GALNT2 rs4846914 GIA 0.41 0.040 TE-31 | 0.441
13 rs1260326 GCKR rs1260326 TIC 0.39 0.115 2E-239 | 0.633
14 rs7248104 INSR rs7248104 GIA 0.58 0.022 5E-10 : 0.386
15 rs2972146 IRS1 rs1515100 0.891 TG 0.63 0.028 3E-15 | 0.082
16 rs10761731: JMJD1C rs10761739 1.000 AT 0.56 0.031 8E-12 | 0.218
17 rs442177 KLHLS rs442177 TG 0.58 0.031 1E-18 | 0.835
18 rs1532085 LIPC rs1532085 AG 0.40 0.031 2E-18 | 0688
19 rs12678919 LPL rs12678919 AG 0.87 0.170 2E-199 | 0.411
20 rs11613352 LRP1 rs11613352 CIT 0.74 0.028 9E-14 | 0.165
21 rs6831256 | LRPAP1 rs6831256 GIA 0.42 0.026 2E-12 ¢ 0.082
22 rs9686661 MAP3K1 rs9686661 TiC 0.20 0.038 3E-16 ¢ 0432
23 rs38845 MET rs38845 AIG 0.53 0.019 2E-08 | 0.749
24 rs4719841 :©  MIR148A rs4719841 CIT 0.20 0.023 9E-11 ¢ 0938
25 rs8077889 MPP3 rs8077889 CIA 0.22 0.025 1E-08 | 0.212
26 rs645040 MSL2L1 rs645040 TG 0.77 0.029 2E-12 ¢ 0.124
27 rs1495741 NATZ2 rs1495741 GIA 0.26 0.040 3E-12 | 0835
28 rs3198697 | PDXDCH1 rs3198697 CIT 0.57 0.020 2E-08 | 0.411
29 rs731839 PEFD rs731839 GIA 0.35 0.022 3E-09 | 0.109
30 irs12748152 PIGV-NROB2 rs12748152 TiC 0.09 0.037 1E-09 | 0672
31 rs11776767 PINX1 rs2271357 1.000 CIG 0.37 0.022 3E-11 1 0.291
32 rs5756931 PLA2G6E rs&756931 TIC 0.60 0.020 3E-08 | 0872
33 rs6065906 PLTP rs6065906 CIT 0.19 0.053 2E-34 | 0.093
34 rs719726 RSPO3 chr: 127456494 TiC 0.51 0.020 3E-08 | 0.138
35 rs6882076 TIMD4 rs6882076 CIT 0.64 0.029 2E-15 | 0.199
36 rs2954029 TRIB1 rs2954029 AT 0.53 0.076 1E-107 | 0.592
37 rs998584 VEGFA rs1358980 0.837 AIC 0.49 0.029 3E-15 | 0.786
38 rs4765127 ZNFE64 rs11057408 1.000 GIT 0.65 0.029 2E-08 | 0.834

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position = SNP
identification used to extract genotyping data from psychiatric cohort. HWE p-value = p-value calculated with
genotyping data from psychiatric cohort.
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S$12 Table. List of the selected SNPs from the Engage Consortium meta-analysis with their B-effect on TG and

HWE p-value
Number SN | Nearestgene |“SCOSEBTR 10 R it A ttoctiotmer) SE  pvalue [pvalus
1 rs2035403 AFF1-KLHLS8 chr4:88238015 GIA 0.39 0.039 0.006: 1.8E-10: 0.654
2 rs2131925 | ANGPTL3, DOCKTY rs3850634 0.965 TIG 068 0.074 0.006: 51E-32 ¢ 0937
3 rs4665710 APCB rs1042034 1.000 CIA 0.76 0.082 0.007: 1.1E-31 { 0.192
4 rs964184 APO-cluster rs964184 GIC 013 0.244 0.009:1.7E-157: 0.482
5 rs439401 APCE rs439401 CT 0.65 0.073 0.007: 1.5E-26 | 0.547
6 rs2540948 CEP&8 rs2540950 0.929 TIC 065 0.036 0.006: 66E-09: 0617
7 rs7205804 CETP rs7205804 GIA 0.56 0.034 0.006: 6.0E-08 : 0.288
8 rs10401969 CILF2 rs10401969 TIC 0.92 0.120 0.012: 20E-25: 0595
9 rs17585887 CITEDZ2 rs668459 1.000 TIC 0.44 0.039 0.006: 71E-11 1 0.722
10 rs174546 FADS1-2-3 rs174546 TIC 0.38 0.053 0.006: 3.2E-18 ; 0.450
11 rs2929282 FRMDS rs2929282 TIA 0.04 0.048 0.014: 1.5E-03 ¢ 0.600
12 rs10864728 GALNTZ2 rs4846914 0.965 AG 0.39 0.052 0.006: 45E-16 ¢ 044
13 rs1260326 GCKR rs1260326 TIC 0.36 0123 0.006: 4 8E-88: 0633
14 rs2255811 GPR85 rs2255811 GIA 0.25 0.041 0.007: 2.3E-08 : 0697
15 rs419132 HLA-area rs419132 GIA 0.20 0.056 0.008: 47E12 | 0.267
16 rs2943645 IRS1 rs2943645 TIC 063 0.029 0.006: 32E-06 : 0.162
17 rs10761731 JMJD1C rs10761739 1.000 AT 0.58 0.034 0.006: 1.9E-08: 0.218
18 rs1077835 LIPC rs1077834 1.000 GIA 022 0.059 0.008: 1.9E-14 : 0.243
19 rs7 759633 LPA rs5014650 0.800 GIA 087 0.051 0.009: 86E-09: 0.508
20 rs12678919 LPL rs12678919 AG 0.91 0.194 0.011; 1.0E-71 : 0.411
21 rsg1352607 LRP1 rs11613352 1.000 GIT 073 0.038 0.007: 1.2E-08 : 0.165
22 rsg831256 LRPAP1 rsg831256 GIA 041 0.037 0.006: 1.5E-09 ¢ 0.082
23 rs9638182 MLXIPL rs11974409 1.000 TIG 0.81 0.100 0.008: 1.2E-40: 0.058
24 rs645040 MSL2L1 rs645040 TIG 0.80 0.040 0.007: 6.8E-08: 0.124
25 rs12748152; PIGV-NROB2 rs12748152 TIC 0.09 0.038 0.010: 2.8E-04 | 0672
26 rs4810479 PLTP rs4810479 CiT 027 0.052 0.007: 1.9E-13: 0.750
27 rs340839 PROX1 rs340839 AG 0.47 0.039 0.006: 44E-10: 0.700
28 rs72958041 RSPO3 chr:127496586 AIG 0.06 0.075 0.014: 4 8E-08 : 0.602
29 rs8077889 SOST-DUSP3 rs8077889 CiA 0.19 0.011 0.008: 1.3E-01 ¢ 0.212
30 rs1553318 | TIMD4-HAVCR1 rs6882076 0.883 CIG 0.65 0.042 0.006: 22E-11 | 0.199
H rs2954029 TRIB1 rs2954029 AT 0.52 0.082 0.006: 44E-44 ¢ 0592
32 rs2412710 UBR1, CAPN3 rs2412710 AG 0.02 0.088 0.024: 29E-04 ¢ 0647
33 rs1358980 VEGFA rs1358980 TIC 047 0.039 0.007: 33E-09: 0.786
EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error. CardioMetabochip position = SNP

identification used to extract genotyping data from psychiatric cohort. HWE p-value

genotyping data from psychiatric cohort.
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S$13 Table. List of the selected SNPs from combined meta-analyses with their B-effect on TG and HWE p-

value
Number Aricle  SNP | Nearestgene  ““TTCERR 1o e (00 ) EAF S omer) F | pvalue pvalue
1 | rs2035403 | AFF1-KLHLS chr4:88238015 GIA 0.39 0.039 0.006: 1.8E-10 | 0.654
2 D | rs1832007 AKR1C4 rs1832007 NG 0.82 0.033 2.0E-12  0.385
3 [ rs2131925 : ANGPTL3, DOCKT rs3g50634 0.965 TIG 0.68 0.074 0.006: 5.1E-32 | 0.937
4 | rs964184 APO-cluster rs964184 GIC 013 0.244 0.000:1.7E-157: 0.482
5 | rs4665710 APOB rs1042034 1.000 CiA 0.76 0.082 0.007: 1.1E-31 | 0.192
6 [ rs439401 APOE rs439401 cIT 0.65 0.073 0.007: 1.5E-26 ;| 0.547
7 | rs2540948 CEP&8 rs2540950 0.929 TIC 0.65 0.036 0.006: 6.6E-00 | 0617
8 D | rs3764261 CETP rs3764261 CIA 0.68 0.040 2.0E-25  0.432
9 I irs10401969 CILP2 rs10401969 TIC 0.92 0.120 0.012; 2.0E-25 | 0.505
10 | irs17585887 CITED2 rs668459 1.000 TIC 0.44 0.039 0.006: 7.1E-11 : 0.722
11 D rs11649653 CTF1 rs11649653 CIG 0.60 0.027 2.0E-07 = 0.874
12 D | rs2068888 CYP26A1 rs2068888 GIA 0.55 0.024 2.0E-11 | 0.340
13 [ rs174546 FADS1-2-3 rs174546 TIC 0.38 0.053 0.006: 3.2E-18 | 0.450
14 D | rs2929282 FRMDS rs2020282 TIA 0.07 0.072 2.0E-09 | 0.600
15 D | rs0930333 FTO rs1121980 1.000 NG 0.43 0.021 3.0E-08 | 0812
16 | irs10864728 GALNT2 rs4846914 0.965 NG 0.39 0.052 0.006: 4.5E-16 | 0.441
17 [ rs1260326 GCKR rs1260326 TIC 0.36 0.123 0.006: 4.8E-88 | 0632
18 | rs2255811 GPR85 rs2255811 GI/A 0.25 0.041 0.007: 2.3E-08 : 0607
19 | rs419132 HLA-area rs419132 GIA 0.20 0.056 0.008: 47E-12 | 0.267
20 D | rs7248104 INSR rs7248104 GIA 0.58 0.022 5.0E-10 = 0.386
21 D | rs2972146 IRS1 rs1515100 0.891 TIG 0.63 0.028 3.0E-15 | 0.082
22 I irs10761731 JMJD1C rs107617390 1.000 AT 0.58 0.034 0.006: 1.9E-08 | 0.218
23 | rs1077835 LIPC rs1077834 1.000 GIA 0.22 0.059 0.008: 1.9E-14 | 0.243
24 [ rs7759633 LPA rs5014650 0.800 GIA 0.87 0.051 0.009: 8.6E-00 | 0.508
25 | irs12678919 LPL rs12678919 NG 0.91 0.194 0.011: 1.0E-71 | 0.411
26 | irs61352607 LRP1 rs11613352 1.000 GIT 0.73 0.038 0.007: 1.2E-08 | 0.165
27 [ rs6831256 LRPAP1 rs6831256 GIA 0.41 0.037 0.006: 1.5E-09 | 0.082
28 D | rsO686661 MAP3K1 rs9686661 TIC 0.20 0.038 3.0E-16 = 0.432
29 D rs38855 MET rs38855 NG 0.53 0.019 2.0E-08 = 0.749
30 D | rs4719841 MIR148A rs4719841 ciT 0.20 0.023 9.0E-11 = 0.938
31 [ rs9638182 MLXIPL rs11974400 1.000 TIG 0.81 0.100 0.008: 1.2E-40 | 0.058
32 D rs645040 MSL2L1 rs645040 TIG 0.77 0.029 2.0E-12 = 0.124
33 D | rs1495741 NAT2 rs1495741 GIA 0.26 0.040 3.0E-12 | 0.835
34 D | rs3198697 PDXDCH1 rs3198697 ciT 0.57 0.020 2.0E-08 = 0.411
35 D rs7318390 PEPD rs731839 GIA 0.35 0.022 3.0E-09 = 0.109
36 D irs12748152 PIGV-NROB2 rs12748152 TIC 0.09 0.037 1.0E-09 | 0672
a7 D rs11776767 PINX1 rs2271357 1.000 CIG 0.37 0.022 3.0E-11 1 0.291
38 D | rs5756931 PLA2GE rs5756931 TIC 0.60 0.020 3.0E-08 = 0.872
39 | rs4810479 PLTP rs4810479 ciT 0.27 0.052 0.007: 1.9E-13 | 0.750
40 | rs340839 PROX1 rs340839 NG 0.47 0.039 0.006: 44E-10 i 0.700
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Namber ricle  SNP | Nearestgene 00 LD () (cricigmnen) EAF (teotomer) S pualue pvalue
41 I rs72959041 RSPO3 chrb:127496586 AG 0.06 0.075 0.014: 48E-08 ; 0602
42 D rs8077889 MPP3 rs8077889 CiA 0.22 0.025 1.0E-08 : 0.212
43 D rs6882076 TIMD4 rsg882076 CiT 0.64 0.029 2.0E-15: 0.199
44 I rs2954029 TRIB1 rs2954029 AT 0.52 0.082 0.006: 4.4E-44 | 0.592
45 D rs2412710 CAPN3 rs2412710 AG 0.04 0.099 2.0E-11; 0.647
46 I rs1358980 VEGFA rs1358980 TiC 0.47 0.039 0.007: 3.3E-09} 0.786
47 D rs4765127 ZNFB64 rs11057408 1.000 GIT 0.65 0.029 2.0E-08: 0.834

EAF: effect allele frequency, LD: linkage disequilibrium, SE: standard error, I: meta-analysis from Engage Consortium
(from Surakka and al.), D: meta-analysis from the Global Lipids Genetics Consortium (from Willer and al.).
CardioMetabochip position = SNP identification used to extract genotyping data from psychiatric cohort. HWE p-value
= p-value calculated with genotyping data from psychiatric cohort.
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S14 Table. Association of rescaled PRS (SNPs selected from each meta-analysis) with lipid traits in GAMM

adjusted for age, sex, BMI, medications and smoking status.

. Explained Explained
number n Estimates variability | variability by { p-value
0,
of SNPs [95% CI] [%] GRS [%]
wPRS_HDL _ds_dMA 65 242 | 0.01]0.01-0.02] 19.24 4.11 <0.01
wPRS LDL_ds dMA 55 232 | 0.02[0.00 - 0.03] 13.28 0.75 0.02
WPRS_TC_ds_dMA 69 239 | 0.03[0.02 - 0.05] 15.82 1.85 <0.01
WPRS_TG_ds_dMA 38 216 | 0.06[0.04 - 0.08] 26.16 6.32 <0.01
wPRS_HDL_ds_iMA 46 233 | 0.02[0.01-0.03] 18.33 3.45 <0.01
wWPRS_LDL_ds_iMA 39 214 | 0.03[0.01 - 0.05] 15.29 1.48 <0.01
wPRS _TC ds_iMA 44 234 | 0.04[0.03 -0.07] 15.99 2.35 <0.01
wPRS _TG_ds_iMA 33 213 | 0.06[0.03 - 0.07] 24.06 4.23 <0.01
wPRS_HDL_rs_dMA 65 105 | 0.02[0.01-0.03] 36.64 5.29 <0.01
wPRS_LDL_rs_dMA 55 102 | 0.03[0.01 - 0.06] 8.24 3.24 <0.01
wWPRS_TC_rs_dMA 69 106 | 0.05[0.02 - 0.07] 14.13 3.44 0.01
WPRS_TG_rs_dMA_ 38 90 0.03 [0.00 - 0.05] 26.47 2.62 0.03
wPRS_HDL rs_iMA 46 98 0.03 [0.01 - 0.04] 41.37 6.65 <0.01
wPRS LDL_rs_iMA 39 93 0.05[0.03 - 0.08] 14.14 8.13 <0.01
wPRS _TC rs_iMA 44 102 | 0.07[0.03 - 0.10] 17.04 6.14 <0.01
WwPRS_TG_rs_iMA_ 33 87 0.04 [0.01 - 0.06] 27.74 4.77 <0.01
wPRS_HDL_ts_dMA 65 347 | 0.02[0.01-0.02] 22.25 4.32 <0.01
wPRS LDL_ts dMA 55 334 | 0.02[0.01-0.04] 10.83 1.13 <0.01
wPRS_TC_ts_dMA 69 345 | 0.03[0.02 - 0.05] 14.8 2.09 <0.01
wWPRS_TG_ts_dMA 38 306 | 0.05[0.03-0.06] 25.38 5.08 <0.01
wPRS_HDL_ts_iMA 46 331 | 0.02[0.01-0.03] 22.87 4.41 <0.01
wWPRS_LDL_ts_iMA 39 307 | 0.04[0.02 - 0.06] 13.33 2.91 <0.01
wPRS_TC_ts_iMA 44 336 | 0.05[0.04 -0.07] 15.72 3.06 <0.01
wPRS_TG_ts iMA 33 300 | 0.05[0.04-0.06] 24.52 4.39 <0.01

ds: discovery sample, rs: replication sample, ts: total sample, dMA: Willer meta-analysis, iMA: Surakka meta-analysis,
MA_: not corrected for psychotropic medication categories, n: number of patients, Cl: confidence interval. Patients
taking lipid-lowering medication were excluded. Only fasting patients were included for TG analyses.
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S$15 Table. Association of rescaled PRS (SNPs selected from each meta-analysis) with lipid traits in GAMM

adjusted for age, sex, BMI, medications and smoking status, with PRS treated as a categorical variable in

age-stratified samples.

number of n Estimates p-value
SNPs [95% CI]
wPRS median_ HDL ts cMA 73 331 0.13[0.07 - 0.19] <0.0001
wPRS p25 HDL ts cMA 73 167 0.280.19 - 0.36] <0.0001
wPRS p10 HDL ts cMA 73 68 0.35[0.22 - 0.49] <0.0001
wWPRS median LDL ts cMA 60 303 0.20[0.04 - 0.36] 0.004
wWPRS p25 LDL ts cMA 60 158 0.31]0.11 - 0.53] 0.003
wPRS p10 LDL ts cMA 60 68 0.63 [0.27 - 1.00] 0.0004
WPRS median TC ts cMA 72 336 0.32]0.15 - 0.49] <0.0001
WPRS p25 TC ts cMA 72 171 0.50[0.28 - 0.74] <0.0001
wPRS p10 TC ts cMA 72 76 0.66 [0.30 - 1.07] 0.0002
WPRS median TG ts cMA 47 299 0.26 [0.13 - 0.38] <0.0001
WPRS p25 TG ts cMA 47 146 0.47 [0.30 - 0.64] <0.0001
wPRS p10 TG ts cMA 47 56 0.60[0.19 - 0.91] 0.002

ts: total sample, cMA: combined meta-analyses, MA_: not corrected for psychotropic medication categories, n:
number of patients, Cl: confidence interval. wWPRS_median = GAMM performed with PRS as a categorical variable
with two groups: one with PRS lower than the median value and the other with PRS higher than the median value.
Young = patients whose age is younger than the median age of patients. Old = patients whose age is older than the
median age of patients. Patients taking lipid-lowering medication were excluded. Only fasting patients were included

for TG analyses.
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S$16 Table. Predictive statistics in the combined sample

Logistic

Sensitivity %

Specificity %

Accuracy %

AUC

. 3
Dependent variable model (95%Cl) (95%Cl) (95%Cl) (95%Cl) P-value
1
TC hypercholesterolemia “Clin' 1722 (60.4-64.4) 63.3 (522-733) 70.0 (61.9-78.1) 0.70 (063077 o0
Clin + Gen 2|73.3 (67.4-80.7) 67.7 (57.7-76.6) 71.9 (66.9-77.5) 0.73 (0.67-0.80)
.1
LDL hypercholesterolemia “Clin' 1705 (57.7-78.4) 609 (51.4-72.4) 672 (599729) 066 (059.073)
Clin + Gen 2|65.6 (55.5-80.2) 62.9 (50.5-73.3) 65.1 (58.7-72.9) 0.68 (0.61-0.74)
.1
HDL hypocholesterolemia “Clin' T712(62679.1) 67.6(60.7-753) 693 (64.3-737) 073 0.74-078) ¢ oo
Clin + Gen 2|70.5 (62.6-79.1) 73.1 (64.4-80.8) 72.4 (67.3-76.8) 0.76 (0.71-0.81)
-1
Hypertriglyceridemia “Clin' 1700(600-79.1) 713 (616-805) 70.4 (64.9.75.9) 074 (068:080)] o,
Clin + Gen 2|70.9 (56.4-80.9) 67.1 (57.9-82.3) 68.9 (63.5-74.8) 0.75 (0.69-0.80)

AUC: area under the curve.

! Logistic model including only clinical variables.

2 Logistic model including clinical and genetic variables.
% P-values of difference between the AUC of the model containing clinical data and the model containing clinical
and genetic data. 2000 bootstraps were used for the analysis.
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S$17 Table. Interaction tests between rescaled PRS and age, sex and BMI in GAMM on lipid traits for SNPs

selected from combined meta-analyses in the combined sample

p-value
HDL age*wPRS ts cMA 0.25
HDL sexe*wPRS ts cMA 0.19
HDL BMI*wPRS ts cMA 0.31
LDL age*wPRS ts cMA 0.32
LDL sexe*wPRS ts cMA 0.19
LDL_BMI*wWPRS _ts cMA 0.02
TC age*wPRS ts cMA 0.3
TC sexe*wPRS ts cMA 0.04
TC_BMI*"WPRS ts cMA 0.47
TG age*wPRS ts cMA 0.14
TG sexe*wPRS ts cMA 0.25
TG _BMI*'wPRS ts cMA 0.20

ds: discovery sample, rs: replication sample, ts: total sample, cMA: combined meta-analyses, MA_: not corrected for
psychotropic medication categories. Age*wPRS = interaction between age and genetic risk score, sex*wPRS =
interaction between sex and genetic risk score, BMI*WPRS = interaction between BMI and genetic risk score.
Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG analyses.
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S$18 Table. Association of rescaled PRS (SNPs selected from each meta-analysis) with lipid traits in GAMM
adjusted with age, sex, BMI, medications and smoking status with PRS treated as a categorical variable in

stratified samples.

number of N Estimates value
SNPs [95% CI] (mmol/l) P
WPRS_median
LDL_BMI_low_ts_cMA_ 60 179 1 0.03[-0.19-0.17] | 0.42
WPRS_median
LDL_BMI high ts cMA 60 155 0.46[0.23-0.72] <0.0001
WPRS_median
TC female ts cMA 72 199 0.40[0.18 - 0.62] <0.0001
WPRS_median
TC male ts cMA 72 137 0.27 [0.04 - 0.58] 0.01

ts: total sample, cMA: combined meta-analyses, MA_: not corrected for psychotropic medication categories, n:
number of patients, Cl: confidence interval. wWPRS_median = GAMM performed with PRS as a categorical variable
with two groups: one with PRS lower than the median value and the other with PRS higher than the median value.
BMI_low = patients whose BMI is smaller than the median value. BMI_high = patients whose BMI is higher than the
median value. Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG
analyses.
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S$19 Table. Explained variability of each covariates using GAMM with SNP selected from combined meta-

analyses in the combined sample

- Variability Variability

_Total sample E:chle_al_ned explained without explained by

Combined meta-analyses : variability [%)] variable [%] variable [%]
WGRS HDL 22.79 18.46 4.33
BMI_HDL 22.79 16.20 6.59
Age HDL 22.79 21.39 1.40
Gender_HDL 22.79 16.64 6.15
Smoker HDL 22.79 22.52 0.27
Medication_HDL 22.79 22.51 0.28
WGRS LDL 13.61 10.21 3.40
BMI_LDL 13.61 10.44 3.17
Age LDL 13.61 10.94 2.67
Gender_LDL 13.61 12.77 0.84
Smoker LDL 13.61 12.01 1.60
Medication LDL 13.61 13.54 0.07
WGRS TC 15.91 12.66 3.25
BMI_TC 15.91 13.22 2.69
Age TC 15.91 12.65 3.26
Gender TC 15.91 13.80 2.1
Smoker TC 15.91 15.19 0.72
Medication_TC 15.91 15.70 0.21
WGRS TG 24.97 20.14 4.83
BMI_TG 24.97 10.42 14.55
Age TG 24.97 24.63 0.34
Gender TG 24.97 23.02 1.95
Smoker TG 24.97 24.34 0.63
Medication TG 24.97 23.63 1.34

Explained variability = variability explained by the clinical and genetic data. Variability explained without variable =
variability explained by the whole model without the considered variable. Patients taking lipid-lowering medication
were excluded. Only fasting patients were included for TG analyses.
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analyses in the combined sample

S20 Table. Explained variability of each SNP groups using GAMM with SNPs selected from combined meta-

. Variability Variability
Total sample Explained . . .
Combined meta-analyses n SNPs|n obs variability [%] explalne.d without explal.ned by
genetics [%] genetics [%]

ALL SNPs wPRS_HDL 73 331 22.79 18.46 4.33
ALL SNPs =1 wPRS_HDL 73 331 20.04 18.46 1.58
<B p50 SNPs wPRS_HDL 36 361 18.04 17.77 0.27
>B p50 SNPs wPRS_HDL 37 331 22.54 18.46 4.08
>B p95 SNPs wPRS HDL 4 358 21.71 18.16 3.55
ALL SNPs wPRS_LDL 60 303 13.61 10.21 3.40
ALL SNPs B=1 wPRS_LDL 60 303 10.25 10.21 0.04
<B p50 SNPs wPRS_LDL 30 346 9.79 9.64 0.15
>B p50 SNPs wPRS_LDL 30 307 15.03 10.42 4.61
>B p95 SNPs wPRS_LDL 3 346 12.5 9.41 3.09
ALL SNPs wPRS_TC 72 336 15.91 12.66 3.25
ALL SNPs =1 wPRS_TC 72 336 13.81 12.66 1.15
<B p50 SNPs wPRS_TC 36 361 12.66 12.66 0.00
>B p50 SNPs wPRS_TC 36 339 16.69 12.85 3.84
>B p95 SNPs wPRS TC 4 363 15.57 13.01 2.56
ALL SNPs wPRS TG 47 299 24.97 20.11 4.86
ALL SNPs =1 wPRS TG 47 299 22.72 20.11 2.61
<B p50 SNPs wPRS TG 26 317 19.77 19.24 0.53
>B p50 SNPs wPRS_TG 21 300 23.73 20.13 3.6
>B p95 SNPs wPRS TG 3 308 23.52 20.19 3.33

Explained variability = variability explained by the clinical and genetic data. Variability explained without genetics =
variability explained by the whole model without considering genetics. ALL SNPs = wPRS constructed with the total
number of SNPs. ALL SNPs =1 = non-weighted PRS, i.e. PRS constructed with the total number of SNPs without
considering specific 3-effects (all B-effects=1). < p50 SNPs = wPRS constructed with SNPs whose 3-effects are
lower or equal to the median of all B-effects. >B p50 SNPs = wPRS constructed with SNPs whose B-effects are higher
than the median of all 3-effects. > p95 SNPs = wPRS constructed with SNPs whose B-effects are higher than the
percentile 95 of all B-effects. Patients taking lipid-lowering medication were excluded. Only fasting patients were
included for TG analyses.
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S$21 Table. SNPs most involved in genetic explained variability of lipid phenotypes

a.
HDL rs3764261 rs12678919 rs1800961 rs78058190
LDL rs1065853 rs112374545 rs646776 |
TC rs7412 rs112374545 rs10401969 rs646776

TG rs964184 rs12678919 rs1260326 |
b.
SNP Gene Gene name Remarks Phenotypes1
Cholesteryl Ester
rs3764261 CETP Transfer HDL, LDL, TC, TG
Protein
rs12678919 LPL Lipoprotein lipase HDL, TG
rs1800961 HNF4A Hetatocyte Nuclear | ;o nse SNP HDL, TC
Factor 4 Alpha
Protein Kinase AMPH
rs78058190 PRKAG3 Activated Non- HDL
Catalytic
Subunit Gamma 3
rs1065853 APOE Apolipoprotein E LDL
Low density
rs112374545 LDLR lipoprotein LDL, TC
receptor
Cadherin EGF
LAG
rs646776 CELSR2 Seven-Pass G- LDL, TC
Type
Receptor 2
rs7412 APOE Apolipoprotein E missense SNP TC
Cartilage
rs10401969 CILP2 Intermediate LDL, TC, TG
Layer Protein 2
rs964184 APOA1 Apolipoprotein A1 HDL, LDL, TC, TG
Glucokinase
rs1260326 GCKR (Hexokinase 4) missense SNP TC, TG
Regulator

a. SNPs whose B-effects are higher than the percentile 95 of all B-effects (i.e. p95 SNPs) for HDL, LDL, TC and TG
are shown, in decreasing order. P95 SNPs shared between two or more phenotypes are in bold. b. Characteristics of
each p95 SNPs of a. ' other phenotypes significantly associated with corresponding SNP in the combined meta-

analysis.
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S1 Figure. Decision tree for the selection between two SNPs located in the same gene. LD: linkage
disequilibrium, MAF: minor allele frequency. P-value of 10 = p-value considered as being GWAS significant. Impact:
meta-analysis from Engage Consortium (from Surakka and al.). Discovery: meta-analysis from the Global Lipids

Genetics Consortium (from Willer and al.).
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Evolution of HDL levels during psychotropic treatment
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Evolution of TG levels during psychotropic treatment
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S2 Figure. Evolution of lipid levels during psychotropic treatment according to BMI: model including patients
from the discovery sample. Blue dots represent patients whose BMI was lower or equal to the median (23.3
kg/mz). Red dots represent patients whose BMI was higher than the median (23.3 kg/mz). Patients taking lipid-

lowering medication were excluded. Only fasting patients were included for TG analyses.
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Evolution of HDL levels during psychotropic treatment

4 treatment duraion p-value = 0.84
Age p-value = 0.007
treatment duration-age p-value = 0.29

w
n

E B . -

£ e el ;
£ . :

= 19 v - .. .. b7
AR AR VG
3 —

2 T

- - Rl -. -
. ~ mm mag s s
1 . =g ae = . -
. s m =
.e “om o e
[] 200 400 500
Treatment duration [days]
Age gories « A .

Evolution of TC levels during psychotropic treatment

treatment duration p-value = 0.005
g ™ it Age p-vaiue = 0.003
2 treatment duration-age p—walpe = 0.74
'.n g ? i =
. *a . .
e "_- . L * . .
5 oy AR e SRS
~ " PR - s . = .
— > 2 . - 3 -
= l--;: - -..- - o -.
Bol f i o0t P R
e 4T . e e b [ iR
=) P b el phappehe? '
° - L] - - - 0 - L
[ "'4..'.".t a2t s . T
1] - . - -
S AT =
b S ek N e
by s ‘ e
. . -
2 .
A
- -
I
[] 25a 400 800
Treatment duration [days]

Age categories  Abovemedan « Below median

LDL level [mmol/1)

TG level [mmol/]

-

@
L

=

Evolution of LDL levels during psychotropic treatment

treatment duration p—value = 0.002
Age p-value = 0.01
treatment duration-age p-value = 0.49

-

a 200 400 800
Treatment duration [days]

Age categories « Abovemedin + Below median

Evolution of TG levels during psychotropic treatment

treatment duration p-value = 0.51
Age p-value = 0.82
treatment duration-age p—value = 0.35

Treatment duration [days]

Age categories « Abovemedian = Below median

S3 Figure. Evolution of lipid levels during psychotropic treatment according to age: model including patients

from the discovery sample. Blue dots represent patients younger or equal to the median value (48 years old). Red

dots represent patients older than the median value (48 years old). Patients taking lipid-lowering medication were

excluded. Only fasting patients were included for TG analyses.
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S4 Figure. Evolution of lipid levels during psychotropic treatment according to gender: model including
patients from the discovery sample. Patients taking lipid-lowering medication were excluded. Only fasting patients

were included for TG analyses.
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S5 Figure. Evolution of lipid levels during psychotropic treatment according to medication classes in the
discovery sample. Patients receiving antipsychotics, mood stabilizers and antidepressants are represented in

yellow, blue and grey dots, respectively. Patients taking lipid-lowering medication were excluded. Only fasting

patients were included for TG analyses.
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S6 Figure. Evolution of lipid levels during psychotropic treatment according to the smoking status: model
including patients from the discovery sample. Patients taking lipid-lowering medication were excluded. Only

fasting patients were included for TG analyses.
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S7 Figure. Evolution of lipid variables during psychotropic treatment: boxplots including all patients. Low risk
PRS = PRS lower than the median value. High risk PRS = PRS higher than the median value. Median, interquartiles
and number of observations are indicated for each box. Months were defined as: month [0]: day 0, month ]J1[: 210 &
<45 days, month ]2-3[: 245 & <135 days, month ]6-12[: 2135 & <535 days. Patients taking lipid-lowering medication

were excluded. Only fasting patients were included for TG analyses.
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S8 Figure. Lipid variables evolution during psychotropic treatment: boxplots including only 50% of patients
having extreme PRS values. 25% PRS = PRS lower than the 25th percentile. 75% PRS = PRS higher than the 75th
percentile. Median, interquartiles and number of observations are indicated for each box. Months were defined as:
month [0]: day 0, month ]1[: 210 & <45 days, month ]2-3[: 245 & <135 days, month 16-12[: 2135 & <535 days.

Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG analyses.
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S9 Figure. Evolution of lipid levels during psychotropic treatment with linear mixed regression: model
including all patients. Low risk PRS = PRS lower than the median value. High risk PRS = PRS higher than the
median value. Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG

analyses.
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Evolution of abnormal HDL levels over psychotropic Evolution of abnormal LDL levels over psychotropic
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S$10 Figure: Evolution of dyslipidemia prevalence for each lipid trait during psychotropic treatment: plots
including all patients. Low risk PRS = PRS lower than the median value. High risk PRS = PRS higher than the

median value. Numbers of observations are indicated for each barplot. Months were defined as: month [0]: day O,
month J1[: 210 & <45 days, month ]2-3[: 245 & <135 days, month ]6-12[: 2135 & <535 days. Patients taking lipid-

lowering medication were excluded. Only fasting patients were included for TG analyses.
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treatment between GRS extreme percentiles treatment between GRS extreme percentiles

n=51

4

n=61
n=65

3

il
L

0
L
Proportion of patients with abnormal LDL levels

Proportion of patients with abnormal HDL levels
s
L

[0] 1l 12-3] 16-12( [0] n 123 I6-12(
Time (months) Time (months)
| 25 GRs NN 75% GRS | [N 25% GRs EEEEEE 75% GRS |
Evolution of abnormal TC levels over psychotropic Evolution of abnormal TG levels over psychotropic

treatment between GRS extreme percentiles treatment between GRS extreme percentiles

n=41

6

4

2

0
|
Proportion of patients with abnormal TG levels

Proportion of patients with abnormal TC levels

[0] 1t 12-3( 16-12[
Time (months) Time (months)

[0] i 12-3( 1612

|_ 25% GRS [ 75% GRS ‘ I- 25% GRs [N 75% GRS \

S11 Figure. Evolution of dyslipidemia prevalence for each lipid trait during psychotropic treatment: plots
including only 50% of patients having extreme PRS values. 25% PRS = PRS lower than the 25th percentile. 75%
PRS = PRS higher than the 75th percentile. Numbers of observations are indicated for each barplot. Months were
defined as: month [0]: day 0, month ]1[: 210 & <45 days, month ]2-3[: 245 & <135 days, month ]6-12[: 2135 & <535

days. Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG analyses.
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S12 Figure. Evolution of dyslipidemia prevalence for each lipid trait during psychotropic treatment: plots

including only 20% of patients having extreme PRS values. 10% PRS = PRS lower than the 10th percentile. 90%

PRS = PRS higher than the 90th percentile. Numbers of observations are indicated for each barplot. Months were

defined as: month [0]: day 0, month ]1[: 210 & <45 days, month ]2-3[: 245 & <135 days, month ]6-12[: 2135 & <535

days. Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG analyses.
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S13 Figure. Evolution of dyslipidemia prevalence for each lipid trait during psychotropic treatment: plots
including only patients younger than the median age of patients. Low risk PRS = PRS lower than the median
value. High risk PRS = PRS higher than the median value. Young = patients whose age is younger than the median
age of patients. Numbers of observations are indicated for each barplot. Months were defined as: month [0]: day O,
month ]1[: 210 & <45 days, month ]2-3[: 245 & <135 days, month ]6-12[: 2135 & <535 days. Patients taking lipid-

lowering medication were excluded. Only fasting patients were included for TG analyses.
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S14 Figure. Evolution of lipid levels during psychotropic treatment with linear mixed regression: model
including only patients younger than the median age of patients. Low risk PRS = PRS lower than the median
value. High risk PRS = PRS higher than the median value. Young = patients whose age is younger than the median
age of patients. Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG

analyses.
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S$15 Figure. Evolution of dyslipidemia prevalence for each lipid trait during psychotropic treatment: plots
including only patients older than the median age of patients. Low risk PRS = PRS lower than the median value.
High risk PRS = PRS higher than the median value. Old = patients whose age is older than the median age of
patients. Numbers of observations are indicated for each barplot. Months were defined as: month [0]: day 0, month
11[: 210 & <45 days, month 12-3[: 245 & <135 days, month ]6-12[: 2135 & <535 days. Patients taking lipid-lowering

medication were excluded. Only fasting patients were included for TG analyses.
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S16 Figure. Evolution of lipid levels during psychotropic treatment with linear mixed regression: model
including only patients older than the median age of patients. Low risk PRS = PRS lower than the median value.
High risk PRS = PRS higher than the median value. Old = patients whose age is older than the median age of
patients. Patients taking lipid-lowering medication were excluded. Only fasting patients were included for TG

analyses.
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S17 Figure a. ROC curves for HDL hypocholesterolemia, LDL hypercholesterolemia, total
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patients were included for TG analyses.
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Evolution of abnormal LDL levels over psychotropic
treatment between upper and lower p50 GRS
among patients with low BMI

Evolution of abnormal LDL levels over psychotropic
treatment between upper and lower p50 GRS
among patients with high BMI

4

2

Proportion of patients with abnormal LDL levels
3

[0] 1l

12-3
Time (months)

16-12[

| (0w risk GRS [EEEEN high risk GRS |

Evolution of LDL levels over psychotropic
treatment duration among patients with low BMI

s
L

LDL level [mmol/I]

(X}
L

treatment duration p-value = 0.08

GRS p-value = 0.83
. . treatment duration:GRS p-value = 0.60

0 200 400
Treatment duration [days]

GRS categories  * Lowrisk GRS *  High risk GRS

6

4

2

Proportion of patients with abnormal LDL levels
0

= n=54
=68 n=65

n=55 n=69

[0] i

123
Time (months)

[N 10w risk GRS NN high risk GRS |

16-12[

Evolution of LDL levels over psychotropic
treatment duration among patients with high BMI

s
L

LDL level [mmolf]

%)
L

. treatment duration p-value = 0.13
J. GRS pevatue = 0.17
. . treaiment duration:GRS p-value = 0.81

. L *
. . *
"
+
e e hd
y —e Lan .
. *y * -
o L, T
* *, * » -
P TR
. ot
.
.
T T T T
i} 200 400 600

Treatment duration [days]

GRS categories  * Lowrisk GRS *  High risk GRS

S18 Figure. Evolution of dyslipidemia prevalence and lipid levels for LDL during psychotropic treatment:

plots including all patients (low BMI patients one the left and high BMI patients on the right). Low risk PRS =

PRS lower than the median value. High risk PRS = PRS higher than the median value. Numbers of observations are

indicated for each barplot. Months were defined as: month [0]: day 0, month ]J1[: 210 & <45 days, month ]2-3[: 245 &

<135 days, month 16-12[: 2135 & <535 days. Patients taking lipid-lowering medication were excluded.
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the median value. High risk PRS = PRS higher than the median value. Numbers of observations are indicated for
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month ]6-12[: 2135 & <535 days. Patients taking lipid-lowering medication were excluded.
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ABSTRACT

Background: Cardiovascular diseases and dyslipidemia represent a major health issue
in psychiatry. Many psychotropic drugs can induce a rapid and substantial increase of
blood lipid levels. Objective: This study aimed to determine the potential predictive
power of an early change of blood lipid levels during psychotropic treatment on long-
term change and on dyslipidemia development. Methods: Data were obtained from a
prospective study including 181 psychiatric patients with metabolic parameters
monitored during the first year of treatment and with adherence ascertained. Blood lipid
levels (i.e. total- (TC), low-density lipoprotein- (LDL-C), high-density lipoprotein- (HDL-
C), non-high-density lipoprotein- (non-HDL-C) cholesterol and fasting triglycerides
(TG)) were measured at baseline and after 1, 3 and/or 12 months of treatment. Results:
Receiver operating characteristic analyses indicated that early (i.e. after one month of
psychotropic treatment) increases (25%) for TC, LDL-C, TG and non-HDL-C and
decrease (25%) for HDL-C were the best predictors for clinically relevant modifications
of blood lipid levels after 3 months of treatment (230% TC, 240% LDL-C, 245% TG,
255% non-HDL-C increase and >220% HDL-C decrease; sensitivity 70-100%, specificity
53-72%). Predictive powers of these models were confirmed by fitting longitudinal
multivariate models in the same cohort (p<0.03) as well as in a replication cohort (n=79;
p<0.003). Survival models showed significantly higher incidences of new onset
dyslipidemia (TC, LDL-C and non-HDL-C hypercholesterolemia, HDL-C
hypocholesterolemia and hypertriglyceridemia) for patients with early changes of blood
lipid levels compared to others (p<0.01). Conclusion: Early modifications of blood lipid
levels following prescription of psychotropic drugs inducing dyslipidemia should

therefore raise questions on clinical strategies to control long-term dyslipidemia.
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INTRODUCTION

Individuals with severe mental illness, in particular schizophrenia, bipolar and major
depressive disorders have a 10 to 25-year reduced life expectancy compared to
subjects from the general population 8. Most of this premature mortality has been
attributed to cardiovascular diseases resulting from the metabolic syndrome °. Several
risk factors implying complex mechanisms may explain this excess cardiovascular risk,
including psychiatric disease-related factors, unhealthy lifestyle, poverty and adverse

effects of treatment '©

. Thus, the use of psychotropic medications such as
antipsychotics (most atypical but also some typical), mood stabilizers (e.g. lithium and
valproate) and some antidepressants (e.g. mirtazapine) can increase the risk of

metabolic disorders including obesity, type 2 diabetes, hypertension and dyslipidemia '2.

Components of the metabolic syndrome may develop early during psychotropic

treatment '31°

and may initiate a steady process leading to cardiometabolic diseases in
the long-term, highlighting the importance to prospectively monitor metabolic
parameters during treatment '®. A threshold of 5% weight gain during the first month of
psychotropic treatment was recently defined as a robust predictor for subsequent
important weight gain '*. To date, nothing is known about any other early metabolic
threshold for predicting worsening of cardiometabolic parameters during treatment with
psychotropic drugs. Dyslipidemia, defined as high LDL-cholesterol (LDL-C) and/or low
HDL-cholesterol (HDL-C) and/or high triglyceride (TG) levels, constitutes an important
risk factor for cardiovascular diseases as its prevalence has been shown to reach 55%

in schizophrenia patients receiving psychotropic drugs '’. This side effect induced by

psychotropic drugs has long been considered as resulting from psychotropic-drug
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induced weight gain. However, new data revealed that these lipogenic adverse effects
may occur very early during treatment and may even precede weight gain, displaying
weight-independent molecular effects in addition to weight-related ones '+ 518 19.20,

To our knowledge, only one study investigated the predictive value of early on mid-term
lipid changes 2'. This study observed that a lack of early (i.e. from 6 to 12 weeks)
elevation in triglyceride concentration of 0.23 mmol/l (20 mg/dL) was predictive of later
(i.e. from 24 to 28 weeks) lack of substantial triglyceride increase in patients receiving

21 Notably, the latter study was a post-hoc

olanzapine, ziprasidone or aripiprazole
analysis of clinical trials examining the effects of specific drugs, with restrictions on the
number of prescribed drugs, conditions that are not comparable to the usual clinical
practice. Moreover, the longest treatment duration was of 28 weeks, with no data on

longer term.

Although no threshold of serum lipid concentration was defined as being a sign to
reconsider psychotropic treatment , the National Cholesterol Education Program
(ATPII) states that increases of 50 mg/dL (0.57 mmol/l) for TG, of 40 mg/dL (1.04
mmol/l) for total cholesterol (TC) and of 30 mg/dL (0.77 mmol/l) for low-density
lipoprotein cholesterol are considered as sufficient for a categorical-risk change from
“borderline-high” to “high” and are therefore clinically significant 2. When referring to the
upper values of the clinical ranges, these increases correspond to approximately 29% of

TG (0.57/2), 21% of TC (1.04/5) and 26% of LDL-C (0.77/3).

Because of the high mortality and morbidity associated with dyslipidemia, an early
detection of patients who are at higher risk of developing an important change in plasma

lipid levels during psychotropic treatment is of major clinical relevance. In the present
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study, we sought to determine, in a cohort of patients taking psychotropic medication
with adherence ascertained by therapeutic drug monitoring, how plasma lipid changes
during the first month of treatment could predict mid- and long-term plasma lipid

changes and new onset dyslipidemia (NOD).
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METHODS

Study design

Since 2007, a longitudinal observational study is ongoing in the Department of
Psychiatry of the Lausanne University Hospital. Patients starting a psychotropic
treatment with amisulpride, aripiprazole, clozapine, haloperidol, lithium, mirtazapine,
olanzapine, quetiapine, risperidone and/or valproate were included, as described in the
flowchart (S1 Figure). The present study included patients with informed consent from
an ongoing pharmacogenetic study (PsyMetab) as described elsewhere 2. In addition,
data of patients in the clinical follow-up (PsyClin) were obtained in the hospital or in
outpatients centers during a medical examination based on the department guideline for
metabolic follow-up performed on a routine basis '®. Monitoring for physical health risk
factors include prospective assessments of body mass index (BMI), waist
circumference, fasting glucose, lipid profile, blood pressure and tobacco smoking during
treatment 2°. When a treatment was stopped for more than 2 weeks, or if a drug was
replaced by another drug on the list, the follow-up was restarted from baseline. In case
of the introduction of a second studied drug, the follow-up was restarted and the last
introduced drug considered as the main treatment. Because of the noninterventional
post hoc analysis study design, no informed consent was requested from the clinical
follow-up patients. Both studies were approved by the ethics committee of the Lausanne
University Hospital.

Only patients with available lipid levels at least at baseline, first month (15 to 45 days of
treatment; median of 32 days (interquartile range (IQR): 28-36)) and another month, i.e.

either month 3 (45 to 135 days of treatment; median of 94 days (IQR: 88-106)) or month
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12 (136 to 535 days of treatment; median of 365 days (IQR: 277-392)) without any lipid-
lowering drug (S1 Table) were included for the determination of early thresholds. For
analyses of NOD incidence, only patients without dyslipidemia at baseline were

included (S1 Figure; see Supplementary Material (paragraph 1.2)).

Statistical analyses
Marginal analyses were conducted using Wilcoxon-Mann-Whitney rank-sum tests to
compare continuous variables across groups and Chi-squared and Fisher’s exact tests

to assess associations among categorical variables.

Short-term lipid changes as predictors of long-term lipid changes in the discovery

sample

To assess the predictive value of an early change of blood lipid levels (i.e. during the
first month of treatment) on long-term lipid change (3 and 12 months), sensitivity,
specificity, positive predictive value and negative predictive value were calculated using
the pROC R package . Sensitivity was defined as the percentage of patients predicted
as high-risk patients among all truly high-risk patients. Specificity was defined as the

percentage of patients predicted as low-risk patients among all truly low-risk patients.

Thresholds for early lipid changes were examined in 5% increments (from 5 up to 35,
whenever the number of observations was sufficient) to find the best predictors for long-
term increases of TC, LDL-C, TG and non-HDL-C increase and HDL-C decrease
(increments of 5% from 5 up to 55, whenever the number of observations was
sufficient). These analyses allowed assessing the best relation between sensitivity and
specificity to find acceptable thresholds for short and long term blood lipid changes.

More details in Supplementary Material (paragraph 1.4.1).
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Confirmatory analyses in discovery and replication samples

The nime package of R was used to fit a linear mixed effect model on long-term lipid
changes adjusted for age, gender, baseline BMI, treatment duration, smoking status,
current psychotropic drug and early weight gain (25%) groups. More details in

Supplementary Material (paragraph 1.4.2).

Short-term lipid changes and new onset dyslipidemia

Kaplan-Meier estimates with log-rank tests, logistic mixed regression and Cox
regression tests adjusting for variables mentioned below were used to compare the
incidence of dyslipidemia development between early and non-early lipid change
groups, i.e. TC 25% vs TC <5%, LDL-C 25% vs LDL-C <5%, TG 25% vs TG <5%, HDL-
C £-5% vs HDL-C >-5% and non-HDL-C 25% vs non-HDL-C <5%, using the survival
package of R. More details in Supplementary Material (paragraph 1.4.3). Statistical
significance was determined by a p-value <0.05. Statistical analyses were performed
using Stata 12 (StataCorp, College Station TX, USA) and R environment for statistical

computing version 3.3.1.
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RESULTS

Demographics and evolution of metabolic parameters

One hundred and eighty one patients who did not receive any lipid lowering agent
during psychotropic treatment were included (Table 1, S2 Table). More details in
Supplementary data (paragraph 2.1).

Short-term lipid changes as predictors of long-term lipid changes in a discovery
cohort

For the selection of predictors, thresholds with the highest sensitivity combined with
high area under the curve (AUC) values were chosen to maximize the detection of
patients at high risk for important lipid profile worsening in the long-term.

Early (i.e. after one month of psychotropic treatment) increase (25%) for TC, LDL-C TG
and non-HDL-C and decrease (25%) for HDL-C were the best predictors for clinically
relevant modifications of blood lipid levels after 3 months of treatment (230% TC, 240%
LDL-C, 245% TG, 255% non-HDL-C increase and 220% HDL-C decrease; sensitivity
70-100%, specificity 53-72%) (S3 Table) and one of best predictors after 12 months of

treatment (S4 Table). More details in Supplementary data (paragraph 2.2).

Demographic and clinical characteristics of the psychiatric discovery sample according
to defined thresholds are shown in Table 1 (more details in Supplementary data

(paragraph 2.3)).

Confirmation of early lipid changes as predictors of long-term lipid changes
The above-mentioned thresholds of 5% for TC, LDL-C, TG, non-HDL-C increase and
5% for HDL-C decrease were confirmed as being significant predictors for subsequent

increase of TC, LDL-C, TG and non-HDL-C, and of HDL-C decrease after 3 months of
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psychotropic treatment in linear mixed models (S5 Table). Patients exceeding early
thresholds had 25% (p<0.0001) higher TC increase (TCi), 34% (p=0.0001) higher LDL-
C increase (LDLi), 40% (p=0.03) higher TG increase (TGi), 36% (p<0.0001) higher non-
HDL-C increase (non-HDLi) and 14% (p<0.0001) higher HDL-C decrease (HDLd) after
3 months compared to patients who did not reach such thresholds. Of note, some
clinical variables were associated with these lipid changes as well (more details in
Supplementary data (paragraph 2.4)).

These early thresholds of lipid change were replicated in an independent psychiatric
sample (S6 Table). In the replication sample, patients reaching early thresholds had
22%, 29%, 57%, 31% and 21% higher TCi, LDLi, TGi, non-HDLi and HDLd after 3
and/or 12 months of psychotropic treatment compared to patients who did not
(p<0.003).

Of note, patients exceeding early thresholds for TC, LDL-C, non-HDL-C and TG had a
3% higher weight increase compared to patients who did not reach such thresholds

(p=0.004; data not shown).

Influence of early lipid thresholds on new onset dyslipidemia

Demographic and clinical data of patients with no dyslipidemia at baseline, namely in
patients who did not receive any lipid-lowering drugs at baseline and for whom baseline
lipid levels were within normal range, are reported in S7 Table. An important proportion
of patients developed NOD during the first year of psychotropic treatment (more

information in Supplementary data).
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Incidence of NOD during treatment is displayed in Figure 1. It is noteworthy that
survival rate curves sharply divided over time according to early threshold groups
(Figure 2). Thus, the incidence of NOD was significantly higher in patients with TCi=5%,
LDLi=5%, HDLd=5%, TGi=5% and non-HDLi=5% compared to patients without early
lipid changes (p=1*10%; p=3*107; p=2*107; p=0.01 and p=1*10", respectively). These
results were confirmed by Cox and logistic regressions and were replicated in an
independent psychiatric sample for TCi25%, LDLi25% and non-HDLi 25% threshold
groups (data not shown). S8 Table shows clinical risk factors associated with NODs.
Apart from early lipid increase thresholds, some factors such as sex, early weight gain
group and medication group were also associated with dyslipidemia incidence (S2

Figure).

Influence of the number of early lipid thresholds on new onset dyslipidemia

S9 Table and Figure 3 display dyslipidemia incidence according to the number of early
exceeded thresholds (EET) after the first month of treatment, namely according to the
number of reached lipid phenotype (either TCi25%, LDLi25%, TGi25% and/or
HDLd=5%). When developing one or more EET during the first month of treatment, the
risk of developing dyslipidemia at a later stage in any of the four lipid variables was

increased 14.4 fold, independently of the nature of EET.
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DISCUSSION

The present study aimed to explore whether early lipid increase during the first month of
psychotropic treatment may predict further important lipid increase and/or dyslipidemia
development in patients receiving psychotropic drugs. In the present psychiatric sample,
dyslipidemia prevalence of 37% for TC, 32% for LDL-C, 17% for HDL-C and 11% for TG
were observed at baseline. These values are higher than those reported in the RAISE

"7 possibly because of the

study (Recovery After an Initial Schizophrenia Episode)
shorter lifetime exposition to psychotropic treatment in the later (less than 6 months)
than in the present psychiatric sample (around 8 years) and/or to the less stringent
criterion used to define dyslipidemia in RAISE study. Nonetheless, in the present study
a worsening of lipid parameters was observed during treatment despite of the high
prevalence already observed at baseline, in parallel with a deterioration of other
metabolic parameters. It is unlikely that the increase of dyslipidemia observed over time
was due to a loss of follow-up of patients with no metabolic disturbances. Indeed,
follow-up was required whatever the metabolic status of patients. In addition, an
increase of dyslipidemia was observed after one month despite the same numbers of
patients at both periods. This emphasizes the importance to prospectively monitor
metabolic (including lipid) parameters during psychotropic treatment in all patients
starting a psychotropic medication '®. Thus, the potential for psychotropic drugs to
cause or to exacerbate metabolic syndrome in patients is not restricted to at-risk
patients (e.g. drug naive, first episode disease, non-obese or young patients) .

Because clinicians have been found to have a poor adherence to guidelines for

metabolic monitoring worldwide 2%, there is a need for programs to help educate
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providers and to facilitate monitoring of these cardiometabolic risk factors. Beside, a
poor quality of management of potential physical health problems in psychiatric patients
has also been recognized 8. For instance, a study investigating cardiometabolic risks in
first-episode schizophrenic patients showed that only a small proportion of patients with
dyslipidemia were treated with lipid-lowering agent, underlining an under-recognition of

lipid abnormalities '/, which is consistent with other studies from Mitchell and

collaborators 27 30 31

and with the low proportion (i.e. less than 10%) of patients with
hyperlipidemia who receive lipid-lowering drugs in the present psychiatric sample. To
date, no consensus has been established among clinicians with regard to thresholds of
lipid increase that would need a reconsideration of the psychotropic treatment.
Nevertheless, recent guidelines from the European Society of Cardiology and European
Atherosclerosis Society were proposed for the management of dyslipidemia in patients
receiving antipsychotics *. These recommendations emphasize the importance of
starting primary prevention earlier rather than later in psychiatric patients receiving
psychotropic medication associated with metabolic disturbances **. According to the
National Institute for Health and Care Excellence (NICE) * and to the Joint British

% guidelines on the management of cardiovascular risk, all people with

Societies
dyslipidemia should receive advice about diet, exercise, weight management and
smoking cessation. If lifestyle advice is ineffective in normalizing the lipid profile, a statin

should be considered after screening for the risk of cardiovascular disease .

The present study showed that an early lipid increase of 5% or more for TC, LDL-C, TG
and non-HDL-C and an early decrease of 5% or more for HDL-C were the best

predictors for subsequent important lipid changes after 3 and 12 months of psychotropic
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treatment. These predictors displayed high sensitivities, meaning that among all truly at-
risk patients at 3 and 12 months, high percentages of patients were classified as being
at risk during the first month of treatment. Additionally, these predictive models had high
negative predictive values for the five lipid traits after 3 and 12 months, implying that
most patients who did not reach early lipid threshold did not have substantial increase of
lipid levels after 3 and 12 months of psychotropic treatment. Since a 1% reduction in
LDL-C on average was shown to reduce risks for hard coronary heart disease events by
approximately 1% in short-term controlled trials 23, our clinical predictive thresholds to
prevent important lipid level increases appear clinically relevant. As from a clinical point
of view, it is better to misclassify a patient in the high-risk group rather than to miss a
truly high-risk patient, the present study aimed at maximizing sensitivity, with a lesser
focus on specificity. Such as misclassification may result in possible unnecessary
preemptive advices about diet, exercise, weight management and smoking cessation
for low-risk patients identified as high risk, which can be considered beneficial whatever

the metabolic status of the patient.

The present findings are in agreement and expand those from a previous study in our
Department, underlining the importance of a 5% weight increase during the first month
of treatment to predict further important weight gain during longer-term treatment .
Additionally, the present TG negative predictive value is in accordance with the results
of a previous post-hoc randomized clinical trial reporting that a lack of early (i.e. from 6
to 12 weeks) elevation in triglyceride concentration was predictive of later (i.e. from 24
to 28 weeks) lack of substantial triglyceride increase in patients receiving olanzapine,

ziprasidone or aripiprazole 2'. Notably, predictors of a 5% increase in lipid levels were
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also significant in age-stratified, gender-stratified and medication-stratified subgroups of
patients. These findings emphasize the robustness of these clinical predictors and
should motivate clinicians to systematically monitor early lipid changes for each patient
subgroups and not only in patients with known risk factors (e.g. young patients,
women). Additional multivariate analyses showed that an early increase of weight (5%

or more) ®

was not associated with longer-term lipid increases for TC, LDL-C, non-
HDL-C and TG, meaning that both lipids and weight should be monitored during
treatment. These results are in accordance with a study that observed a lack of early

predictive value of BMI to explain dyslipidemia on the long-term in patients receiving

olanzapine and risperidone .

In line with the expected metabolic effects, i.e. olanzapine, clozapine and valproate
being associated with the highest risk of dyslipidemia, risperidone and quetiapine
conferring an intermediate risk, and aripiprazole and amisulpride being at lower risk x
the incidence of LDL-C dyslipidemia was significantly associated with risk-categorized
drugs. Psychotropic drug categories were not associated with significant difference of
dyslipidemia incidence for the remaining lipid phenotypes. This does not mean that the
prescribed drugs did not have risk differences but rather underlines the relevance of the
5% predictor independently of the drug prescribed. Of note, some studies have
documented significant reductions in TC and LDL-C in patients treated with valproate
% Additional analyses considering valproate as conferring a low risk for TC and LDL-C
hyperlipidemia did not modify the present results (data not shown). Finally, the present
study showed that patients who reached one or more early lipid thresholds of 5% during

the first month of treatment had a 14 fold risk of developing subsequent dyslipidemia,
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regardless of the nature of lipid phenotype, highlighting the need to implement clinical

strategies to control long-term dyslipidemia.

Of note, according to NICE guidelines , the consideration of non-HDL-C instead of
LDL-C is regarded as more appropriate, because this gives a measure of all of the lipids
that may promote arterial plaque production. In addition, LDL-C is not directly measured
but requires a calculation using a fasting sample and for triglyceride levels to be less
than 4.5 mmol/l, whereas the measurement of non-HDL-C does not. In the present
study, non-HDL-C and LDL-C analyses provided consistent results, which strengthen

the clinical predictive value of LDL-C.

Several limitations of the present study need to be mentioned. Firstly, the majority of
patients were not drug naive, and the observed lipid level increase may have resulted
from past treatments. However, such patients constitute the majority of psychiatric
populations, which therefore may even strengthen the clinical validity of the present
findings. Secondly, the follow-up period lasted a median period of time of 378 days and
even if most lipid trait worsening occurred within the period covered by the present
study, it would be interesting to investigate the validity of these findings in longer-term
treatment durations. Thirdly, environmental changes such as physical exercise or diet
habits throughout the treatment, which could have influenced the evolution of lipid
levels, were not available and their effects were not taken into account. Finally, although
10 psychotropic drugs known as potentially leading to weight gain and/or worsening of
other metabolic parameters were analyzed in the present study, the results cannot be
extrapolated to other drugs. The major strength of this study is its longitudinal design

with prospective monitoring of plasma lipid levels. In addition, the use of therapeutic
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drug monitoring allowed assessing patient adherence at each time of treatment, which
is a critical issue to exclude false negatives (i.e. patients not taking the drug with no lipid

increase).

In conclusion, this study underlines the importance of metabolic monitoring following the
introduction of antipsychotic drugs, mood stabilizers or some antidepressants for all
patients, regardless of gender, age, baseline BMI and previous treatment history. Lipid
level increases and a decrease of HDL-C by 5% or more during the first month of
treatment should be used by clinicians as an early warning sign to consider such
patients as being at higher risk for further important lipid level increases and/or
dyslipidemia development during longer term treatment. Of note, we also previously
demonstrated that a threshold of >5% weight gain could be used as the best predictor of
important long-term weight gain. Clinical strategies such as preemptive lifestyle
interventions should be implemented to prevent these adverse effects. The causative
psychotropic drug should be replaced if clinically possible, after a careful evaluation of
the risk-benefit ratio of a drug switch, considering the major impact of obesity and/or
metabolic symptoms including dyslipidemia and their major consequences on morbidity

and mortality.
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Table 1. Comparison of demographic parameters between patients with and without early
changes of blood lipid levels

; TC TC e b T 6 WDLC  HDLC hon-HDL-C non-HDL-C
| i M <5% CL o ) EXI o Y % EE T Y PT 3 T T
Number of patients 181(95for TG)| 102 7 2 ) a1 100 7 91 )
Age, median (IQR). y 33(2350) | 35(2354) 30(2348) 032 | 35(2355) 31(2350) 055 [30(23.47) 31(21-43) 056 | 32(23-52) 33(2248) 0.66 [ 34(23.56) 31(23.47) 054
Men, n(%) 9(53) | 52(510) 44(557) 053 | 4589) 40(57.1) 03 | 20(488) 32(593) 031 51(510) 43(589) 03 | 46(506) 48 (585) 029
Smoking, n(%) 82(453) | 45(441) 37(468) 093 | 43(467) 31(443) 067 | 18(439) 20(537) 056 46(460) 34(466) 06 | 40(44) 40488 078
Daagnosis, n(%)
Psychoticdisorders|  69(38.1) | 32(314) 37(468) 003 | 27(29.4) 32@57) 003 | 14342 2007 077| 39(390) 26(356) 065 20319 36(49 01
Schizaffective disorders| 13 (7.2) 1008  3(38) 012 | 10(109) 3(43 013 | 1(24) 503 017| 7(70) 662 076| 888 561 05
Bpolardisorders|  28(155) | 18(177) 10(127) 036 | 16(17.4) 9(129) 043 [ 8(185 10185 09 | 12(120) 14(192) o019 150165 11(134 057
Depressivedisorders| 26 (144) | 15(147)  11(139) 042 | 16(174) 10(143) 041 | 6146 10(185 02| 18(180) 8(11.0) 075 16(176) 10(122 05
Organic disorders| 3 (1.7) 1(1) 225 088 | 1(L) 229 059 2200 104 02| 1(1) 2024 03
Other| 14(7.7) 7(6.9 7(89) 0.62 5(54) 7(10.0) 027 3(7.3) 4(74) 099 7(7.0) 5(6.9) 0.97 4(44) 8(9.8) 0.17
Not available| 28 (155) 19 (18.6) 9(11.4) 0.18 17 (18.5) 7(10.0) 013 9(22) 5(9.3) 0.08 15 (15.0) 13(17.8) 062 18(198) 10(122) 0.8
Medication, n(%)
Amisulpride 19(105) 12(11.8) 7(89) 053 11(12.0) 5(7.1) 031 6(14.6) 4(74) 026 14 (14.0) 4(48) 0.07 | 12(132) 6(7.3) 021
Arpiprazole| 23(127) 17 (16.7) 6(7.5) 0.07 17 (18.5) 4(57) 0.02 9(22.0) 5(93) 0.08 14 (14.0) 9(123) 0.75 | 15(16.5) 8(9.8) 0.19
Clozapine| 13 (7.2) 6(59) 7(89) 044 | 4(44) 8(114) 009 | 4(98) 3(56) 044| 7770 569 097 3(33  9(110) 005
Haloperidol| ~ 1(0.6) 1(1) 101.0) 0(0) 0(0) 1(1.0) 1(1.1) 0(0) 034
Lithium{ ~ 13.(7.2) 769  6(76) 085 | 8@®7n 5@ o072 3(73  3(56) 073 900 455 03| 707 603 0%
Mirtazapine| 5 (2.8) 5(4.9) 4(44) 124 00 02| 220 227 075| 444 00O 006
Olanzapine| 33(182) 14 (137) 19(24.1) 007 13(14.1) 17 (243) 0.1 4(98) 11(204) 0.16 19 (19.0) 12(16.4) 066 | 11(121) 20(244) 0.04
Quetiapine| 53(293) | 27(265) 26(329) 034 | 22(289) 24(343) 015 | 9(220) 22(407) 0053 28(280) 22(30.1) 076 24(264) 26(317) 044
Risperdone| 13 (7.2) 8(78) 563 07 | 7(76) 467 084 | 2(49 503 042| 550 8(10) o14| 909 4@y o2
Valproate| 8 (4.4) 549 338 072| 564 343 o074| 3(73 109 o1 100 796 008| 565 367 057
[Obesity prevalence (BMI 2 30kg/m’), n(%)
Baseline| 19 (115) 12(13.0) 7(9:6) 049 10(11.9) 8(125) 091 3(886) 5(9.8) 085 8(8.7) 10(154) 0.19| 11(136) 792 0.39
tyeal 12(207) | 6(188) 6(231) 069 | 62149 S5@27) o091 | 1(125 3(167) 078 5(147) 7318 013| 50185 7(241) 081

of metabolic syndrome IDF, n/total (%)"
Baseline| 16/87(18.4) | 7/52(134) 935(25.7) 0.5 |9/52(17.3) 6/32(18.8) 087 | 739(19.4) 51(17.7) 083 [10/49(204) 638 (15.8) 058 | 847 (17.0) 840(20.0) 073
1yearl 1033(303) [ 4119(21.1) 614 (429) 0.8 |4/19(21.1) 513(38.4) 028 [313(23.1) 7/20(350) 047 | 519(26.3) 514(35.7) 056 | 3/16(18.8) 7/17(412) 0.16

Prevalence of raised fasting plasma glucose, nftotal (%)

Baseline| 20/96(208) | 1357 (228) 7/39(17.9) 057 [12/54(222) 535(14.3) 035 | 9/41(22) 1053 (18.9) 071 [10/52(192) 9/41(21.9) 075 |12150 (240) 7/43(163) 036
Early weight gain (25%), n(%)
1 month| 31 (178) 9(93)  22(286) 0001| 11(125 16(235) 007 | 3(77) 10(189) 0.3 | 15(152) 14(209) 0.34 1087 (115) 1979 (24.1) 0.03

Prevalence of hypercholesterolemia (2 5 mmol), motal (%)
Baseline| 68/181 (37.6) |54/102 (52.9) 14/79 (17.7) <0.001|44/92 (47.8) 1170 (15.7) <0.001|20/41 (48.8) 14/54 (25.9) 0.02 |33/100 (33.0) 30/73 (41.1) 0.27 [49/91 (53.9) 14/82 (17.1) <0.001

1 month| 78/181 (43.1) [37/102 (36.3) 41/79 (51.9) 0.04 |30/92(326) 3570(0.5) 0.03 |16/41(39.0) 18/54 (33.3) 0.57 |44/100 (44.0) 28/73 (38.4) 0.46 [33/91 (36.3) 39/82 (47.6) 0.13

3months| 79/163 (48.5) | 44/94 (46.8) 35/69 (50.7) 0.62 |36/84 (42.8) 28/60 (46.7) 0.65 |16/37 (43.2) 25/51 (49.0) 0.59 | 41/93 (44.1) 32/62(51.6) 0.36 |39/85 (45.9) 34/70 (48.6) 0.74

12 months| 45/84 (53.6) | 2548 (52.1) 20/36 (55.6) 0.75 (18/42(42.9) 18/33(54.6) 0.32 | 8/16(50.0) 6/22(27.3) 0.15 | 20/46 (43.5) 22/35(62.9) 0.08 |21/41(51.2) 21/40 (52.5) 0.91

Prevalence of LDL hypercholesterolemia (2 3 mmol), nfotal (%)
Baseline| 52/162 (32.1) | 3991 (42.9) 1371 (18.3) 0.001 [40/92 (43.5) 12770 (17.1) <0.001|13/37 (35.1) 15/53 (28.3) 049 | 24/94 (25.5) 28/68 (412) 0.04 |39/86 (45.4) 13776 (17.1) <0.001

1 month| 611162 (37.7) | 27191 (29.7) 34/71(47.9) 002 [25/92 (27.2) 36/70 (51.4) 0.002 |11/37 (29.7) 2053 (37.7) 0.43 | 31/94 (33.0) 30/68 (44.1) 0.15 |26/86 (30.2) 3576 (46.1) 0.04

3 months| 56/136 (41.2) | 3081(37.0) 26/55 (47.3) 023 |29/80 (36.3) 27/56(48.2) 0.16 [14/33 (424) 16/45 (35.6) 0.54 [ 31/82(37.8) 25/54(46.3) 0.33 [30/78 (38.5) 26/58 (44.8) 0.46

12months| 33/69 (47.8) | 17/41(41.5) 16/28 (57.1) 02 |17/42(40.5) 1627 (59.3) 0.13 | 6/14 (429) 6/19(31.6) 051 | 17/39(43.6) 16/30(53.3) 0.42 |17/38 (44.7) 16/31 (51.6) 0.57

Prevalence of hypertriglyceridemia (2 2 mmol), nftotal (%)
Baseline| 11/95(11.6) | 9/55(164) 240 (50) 009 | 4/54(74) 236(56) 073 | 941(220) 2/54(37) 0.006| 552(9.6) 4/41(98) 098 | 7/49 (14.3) 244 (45) 0.1
1month| 15/95(15.8) | 6/55(10.9) 940 (22.5) 0.13 | 6/54 (11.1) 7/36(19.4) 027 | 341(73) 1254 (222) 0.048| 352(58) 11/41(26.8) 0.005| 4/49 (82) 10/44 (22.7) 0.05
3months| 14/85(165) | 7/51(13.7) 7/34(206) 04 |549(10.2) 531(16.1) 044 [637(162) 848(167) 0.96 | 7/46 (152) 637(162) 09 | 647 (128) 7/36 (194) 0.41
12months| 9/37 (24.3) | 4/22(182) 515(33.3) 029 | 3/21(14.3) 4/14(286) 03 |316(18.8) &21(286) 049 | 421 (19.1) 415(267) 059 | 1/17(59) 7/19(368) 0.08

[Prevalence of HDL hypocholesterolemia (< 1 mmol1), ntotal (%)
Baseline| 30/173 (17.3) | 1596 (15.6) 1577 (19.5) 051 [10/92(10.9) 14770(20.0) 0.1 | 839 (20.5) 4/54(7.4) 0.06 |24/100 (24.0) 6/73(8.2) 0.007|17/91(18.7) 13/82(15.9) 0.62

1 month| 36/173 (20.8) | 21/96(21.9) 1577 (195) 0.7 |16/82(17.4) 1470(20.0) 0.67 [10/39 (25.6) 12/54 (22.2) 0.7 |13/100 (13.0) 23/73(31.5) 0.003|21/91(23.1) 1582(18.3) 0.44

3months| 28/153 (18.3) | 17/86(19.8) 11/67 (164) 0.6 (11/82(13.4) 1060 (16.7) 059 | 7/35(20.0) 7/50(14.0) 0.46 | 1593(16.1) 13/60(21.7) 0.39 |17/84 (20.2) 11/69 (15.9) 0.49

12 months| 25/80(31.3) | 11/45(24.4) 14/35 0.14 [10/42(238) 11/32(344) 0.32 | 415(26.7) 9/22(40.9) 0.37 | 13/45(28.9) 12/35(34.3) 0.61 |10/41(24.4) 15/39 (38.5) 0.18

Only patients without any lipid-lowering medication are included. P values were calculated using Wilcoxon ranksum tests for
continuous variables and Chi2 tests for categorical variables. Values in bold are significant. Abbreviations: TC: total cholesterol; LDL-
C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride; non-HDL-C: non- high-density
lipoprotein cholesterol.

' Metabolic syndrome was defined according to the IDF definition. Metabolic syndrome was present if patients had central obesity
(men 294 cm; women 280 cm) and at least two other following factors: triglycerides 1.7 mmol/l (150 mg/dL) or lipid-lowering
treatment; glucose 25.6 mmol/l (100 mg/dL) or type 2 diabetes treatment; blood pressure 2130/85 mm Hg or treatment for
hypertension; high-density lipoprotein cholesterol (men <1.03 mmol/l (40 mg/dL); women £1.29 mmol/l (50 mg/dL)).

2 Raised fasting plasma glucose was defined according to the IDF definition, i.e. glucose 25.6 mmol/l or type 2 diabetes treatment, in
fasting conditions. Of note, no patient suffered from type 2 diabetes at baseline (defined by receiving a type 2 diabetes treatment or if
at least two fasting glucose levels 27 mmol/l, according to the American Diabetes Association)
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Figure 1. Survival curves for new onset dyslipidemia (NOD) by unadjusted Kaplan-Meier
curves.

a. Patient survival curve for NODTC (new onset TC hypercholesterolemia) b. Patient survival
curve for NODLDL (new onset LDL-C hypercholesterolemia) c. Patient survival curve for
NODTG (new onset hypertriglyceridemia) d. Patient survival curve for NODHDL (new onset
HDL-C hypocholesterolemia). e. Patient survival curve for NODnon-HDL (new onset non-HDL-C
hypercholesterolemia).
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Figure 2. Survival curves for new onset dyslipidemia (NOD) by unadjusted Kaplan-Meier
curves according to early lipid change groups.

a. Patient survival curves for NODTC (new onset TC hypercholesterolemia) according to early
5% TC increase threshold (n=114).
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Figure 2. Survival curves for new onset dyslipidemia (NOD) by unadjusted Kaplan-Meier
curves according to early lipid change groups.

b. Patient survival curves for NODLDL (new onset LDL-C hypercholesterolemia) according to
early 5% LDL-C increase threshold (n=115).
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Figure 2. Survival curves for new onset dyslipidemia (NOD) by unadjusted Kaplan-Meier
curves according to early lipid change groups.

c. Patient survival curves for NODTG (new onset hypertriglyceridemia) according to early 5%
TG increase threshold (n=84).
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Figure 2. Survival curves for new onset dyslipidemia (NOD) by unadjusted Kaplan-Meier
curves according to early lipid change groups.

d. Patient survival curves for NODHDL (new onset HDL-C hypocholesterolemia) according to
early 5% HDL-C decrease threshold (n=152).
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Figure 2. Survival curves for new onset dyslipidemia (NOD) by unadjusted Kaplan-Meier
curves according to early lipid change groups.

e. Patient survival curves for NODnonHDL (new onset non-HDL-C hypercholesterolemia)
according to early 5% non-HDL-C increase threshold (n=127).
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Figure 3. Survival curves for new onset dyslipidemia (NOD) by unadjusted Kaplan-Meier
curves according to the number of early exceeded thresholds (EETs)

NOD was defined as positive if one (or more) of the four lipid traits outreached clinical

thresholds and/or if patients received a lipid-lowering comedication during psychotropic
treatment (n=86).
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¢ Lipid parameters significantly worsened during psychotropic treatment
e Early changes of lipid levels could predict a longer-term lipid deterioration
e Early changes of lipid levels were good predictors of new onset dyslipidemia
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SUPPLEMENTARY DATA

1. METHODS

1.1 Study design

Clinical data were either collected during hospitalization or in outpatient centers during a
medical examination based on the department guideline for the metabolic follow-up of
psychotropic drugs performed on a routine basis (1). Follow-up was restarted from
baseline if a treatment was stopped for more than 2 weeks, if a psychotropic drug was
replaced by another, or if a second psychotropic drug was added. If two or more follow-
ups were available for one patient, only the longest one was included in the analysis, as
described in the flowchart (81 Figure). Adherence was monitored by therapeutic drug
monitoring and only patients for whom adherence was ascertained at each time point
were included in analyses for the discovery sample (more information in paragraph 1.3).
Diagnoses were based on the International Classification of Diseases 10™ (ICD-10):
FO0-FO09: organic disorders; F20.0-F24.9 and F28-F29: psychotic disorders; F25.0-
F25.9; schizoaffective disorders; F30.0-F31.9: bipolar disorders; F32.0-F33.9:
depression. Anxiety, personality disorders and mental retardation were classified in

“other” disorders.

1.2 Blood samples and lipid levels

The majority of blood samples were drawn in the morning in fasting conditions. Non-
fasting blood samples (i.e. within six hours following last meal) were excluded only for
triglyceride (TG) analysis (not for total (TC), HDL- (HDL-C), LDL- (LDL-C) and
non_HDL- (non-HDL-C) cholesterol) (2,3). Clinical chemistry assays from plasma
samples collected before and after January 2009 were performed at the Unit of

Pharmacogenetics and Clinical Psychopharmacology and at the Clinical Laboratory of
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the Lausanne University Hospital, respectively (both laboratories are ISO 15189
certified). LDL-C was calculated using the Friedewald formula only if TG levels were
lower than 4.6 mmol/l (407 mg/dL) (4). Non-HDL-C was calculated from TC minus HDL-
C. The definition of different categories for elevated blood lipid levels varies slightly
between different guidelines and recommendations (4-6). Low HDL-C, high LDL-C, high
TG and high TC levels were defined by HDL hypocholesterolemia (<1 mmol/l; 39
mg/dL), LDL hypercholesterolemia (=3 mmol/l; 116 mg/dL), hypertriglyceridemia (=2
mmol/l; 177 mg/dL) and hypercholesterolemia (= 5 mmol/l; 193 mg/dL), respectively,
and/or by the prescription of a lipid-lowering agent (S1 Table), according to European
Society of Hypertension and of the European Society of Cardiology (ESH/ESC)
guidelines (5). In order to take into account the large variability of baseline lipid values,

relative thresholds expressed in percentage of change were used.

1.3 Quantification of drug concentration

Plasma drug concentrations were quantified at one, three and twelve months in trough
conditions (i.e. in the morning before the next drug intake). Liquid chromatography/mass
spectrometry methods were used for measuring plasma levels of medications
considered in the present study, i.e. aripiprazole, amisulpride, clozapine, haloperidol,
mirtazapine, olanzapine, risperidone, OH-risperidone (paliperidone) or quetiapine as
previously described (7-9) and/or validated according to the ISO 17025 / 15189 criteria
under which the laboratory is accreditated (Eap et al., unpublished data, available on
request). Valproate was measured by fluorescence polarization immunoassay (Cobas
integra 400 plus Roche ®, Roche Diagnostic, Rotkreuz, Switzerland) and lithium by ion
selective electrode (EasyLyte Na/K/CI/Li, Medica ®, Chatel St-Denis, Switzerland). All

methods are used on a routine basis for therapeutic drug monitoring (TDM) in patients.
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The accuracy profiles (total error) were included in the acceptance limits of +30% for
biological samples on the entire investigated range, in accordance with the latest
international recommendations (10). Patients were considered non compliant when drug
plasma concentrations were lower than 10% of the lower value of the recommended
therapeutic range (11). For risperidone, the sum of plasma concentrations of risperidone
and of its active metabolite OH-risperidone was used. Only patients with adherence
ascertained at each time point were included in analyses (discovery sample). Thus,
patients were included in the present study only if their drug plasma levels were above
the arbitrary threshold at 10% of the minimal value of the therapeutic range (11) (i.e. 10
ng/ml, 15 ng/ml, 35 ng/ml, 0.1 ng/ml, 0.05 mmol/l, 3 ng/ml, 2 ng/ml, 10 ng/ml, 2 ng/ml, 2
ng/ml and 5 mg/L for amisulpride, aripiprazole, clozapine, haloperidol, lithium,
mirtazapine, olanzapine, quetiapine, risperidone plus OH-risperidone, OH-risperidone
(paliperidone) and valproate, respectively). This threshold was chosen to indicate a
suspicion of compliance issue and/or a rapid metabolism and/or pharmacokinetics drug
interaction and/or low dose prescription (e.g. prescription of 50 mg/day of quetiapine).
Less stringent criteria were used to define the replication sample, in which patients were
included when at least one observation with adherence ascertained, but with other
observations without adherence assessment (i.e. no plasma available for TDM). Of
note, patients with at least one observation of non-adherence as defined above were

not included in the present study.

1.4 Statistical analyses

1.4.1 Short-term lipid changes as predictors of long-term lipid changes in the discovery
sample
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Early lipid changes below 5% were not examined because small changes could
represent normal fluctuations in lipid concentrations rather than clinically meaningful
changes (12). Indeed, a study investigating the within-person variation in TC and HDL-C
plasma levels observed that for a median of 4 days between blood draws, the geometric
mean of the within-person standard deviation was 0.13 mmol/l (5 mg/dL) for TC and
0.04 mmol/l (1.5 mg/dL) for HDL-C (coefficient of variation ~3% for both lipid levels)

(12).

1.4.2 Confirmatory analyses in discovery and replication samples

The fitted linear mixed effect model had a random effect at the subject level. To be more
robust in inferences, a bootstrap analysis was used to evaluate the uncertainty of
estimated parameters (evaluated uncertainties are more conservative, but more reliable
if there are violations from model assumptions, as normality assumption of residuals).
Results were based on 10000 bootstrap replicates at the subject level (subjects were
considered to be independently recruited) and increasing the number of bootstraps did
not influence substantially the uncertainty of estimated parameters. Results of linear
mixed models were tested for replication in an independent replication sample. The
replication sample included patients with less strict criteria of drug-adherence, i.e.
patients with at least one observation with adherence ascertained, without any
observations of non-adherence, but with one or several observations without adherence

measurement.

1.4.3 Short-term lipid changes and new onset dyslipidemia
Logistic mixed regression models and Cox regression tests were fitted adjusting for

baseline age, baseline body mass index (BMI), gender, smoking status, psychotropic
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drug category (i.e. olanzapine, clozapine and valproate being associated with the
highest risk of dyslipidemia, mirtazapine, lithium, risperidone, quetiapine conferring an
intermediate risk, and aripiprazole, amisulpride and haloperidol being at lower risk
(13,14)) and early weight gain (=5%) groups. More specifically, TC=5% was compared
to TC<5% patient group on hypercholesterolemia development, LDL-C=5% was
compared to LDL-C <5% patient group on LDL hypercholesterolemia development,
TG=5% was compared to TG<5% patient group on hypertriglyceridemia development,
and HDL-C <-5% was compared to HDL-C >-5% patient group on HDL

hypocholesterolemia development.

Further analyses were conducted using combined predictors integrating multiple early
thresholds (i.e. for TC, LDL-C, TG and HDL-C) to predict outcomes integrating multiple
dyslipidemia phenotypes (i.e. for TC, LDL-C, TG and HDL-C). Because non-HDL-C
integrates both TC and HDL-C, this paramater was not considered in these analyses.
Predictors were defined as the number of exceeded early thresholds (EET), ranging
from 0 to 4. Outcomes were defined as the number of new onset dyslipidemia after 3
months of treatment, ranging from 0 to 4. Especially, several groups (0 versus 1 or more
EET(s); O or 1 versus 2 or more EETs; 0, 1 or 2 versus 3 or more EETs; 0,1,2 or 3
versus 4 EETs) were compared to determine the impact of each additional EET on the
subsequent risk of developing long-term dyslipidemia. Of note, non adjusted Chi-
squared and Fisher exact tests were conducted to confirm results obtained using

multivariate analyses.
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2. RESULTS

2.1 Demographics and evolution of metabolic parameters

S2 Table displays demographic and clinical characteristics of the psychiatric discovery
sample used for the determination of best early thresholds for TC, LDL-C and TG
increase and for HDL-C decrease. Median age was 33 years (IQR 23-50), which is
younger than in our previous study on early weight increase as predictor on long term
weight gain (15), probably explained by the exclusion of patients receiving lipid lowering
comedication(s). Psychotic disorders (F20.0-F24.9 and F28-F29) were the most
frequent diagnosis (38%), and quetiapine was the most frequently prescribed
psychotropic drug (29%). Blood lipid levels and the prevalence of dyslipidemia
significantly increased during psychotropic treatment (S2 Table). Of note, no data on

cardiovascular and/or kidney diseases was available in the present study.

2.2 Short-term lipid changes as predictors of long-term lipid changes in a

discovery cohort

Of note, patients with TCi=5%, LDLi=25% or HDLd=5% after the first month of treatment
but who did not exceed TCi=30%, LDLi240% or HDLd=20% after 3 months (i.e. false
positives), had still higher TCi, LDLi and HDLd compared to patients with TCi<5%,
LDLi<5% or HDLd<5% after the first month of treatment (TCi of 11% vs -4%, p<0.0001;
LDLi of 9% vs -8%, p<0.0001; HDLd of 0% vs 8%, p=0.0004). However, patients with
TGi=5% after one month who did not reach TGi245% after three months did not differ
significantly from patients with TGi<5% (TGi of 0% vs -13%; p=0.13). This lack of
significance may probably be explained by an insufficient number of observations due to

the exclusion of patients in non-fasting conditions.
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2.3 Distribution of demographic and clinical variables according to risk-groups

based on early lipid thresholds

Table 1 displays demographic and clinical characteristics of the psychiatric discovery
sample according to the early thresholds of blood lipid changes. The characteristics of
the one hundred and eighty one patients already described in S2 Table are repeated in
the first column. A higher proportion of patients suffering from psychotic disorders was
observed in patients with early TCi=5% and LDLi=5% compared to others (i.e. TCi<5%
and LDLi<5%, respectively). Additionally, a lower proportion of patients with LDLi=5%
received aripiprazole (6% versus 19%; p=0.02) and a higher proportion of patients with
HDLd =25% received valproate (10% versus 1%; p=0.008). Beside, a higher proportion
of patients with early weight gain (WG)=5% was observed in patients with early TCi=5%
(p=0.001), underlining a possible synchrony in the worsening of these two metabolic

phenotypes.

For the five lipid phenotypes, at baseline, patients whose early lipid increase outreached
5% had a significantly lower proportion of dyslipidemia as compared to others.
Conversely, after the first month of treatment, the proportion of dyslipidemia was
significantly higher in patients whose early lipid increase outreached 5% compared to
others, underlining a higher propensity of developing dyslipidemia in patients whose

early lipid levels outreached 5% compared to others (Table 1).

2.4 Confirmation of early lipid changes as predictors of long-term lipid trait
changes
Some clinical variables were significantly associated with lipid changes after 3 months

of treatment (S5 Table). Thus, men had a significantly lower increase of TC levels and a
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significantly higher decrease of HDL-C levels. In addition, HDL-C levels were
significantly decreasing with increasing age and in patients with early WG=5% (data not
shown). Finally, men had a significantly lower increase of non-HDL-C levels as
compared to women (data not shown). In the replication sample, none of the covariates
was associated with lipid profile worsening, except age and baseline BMI which were
significantly associated with decreased HDL-C.

Notably, early lipid increase thresholds were also significant in age-stratified, gender-
stratified and lipid level-stratified subgroups (data not shown). However, medication-
stratified analyses could not be conducted because of the low final number of patients in

each drug group, even when grouping medication into drug classes.

2.5 Influence of early lipid thresholds on new onset dyslipidemia

An important proportion of patients developed new onset dyslipidemia (NOD) during the
first year of psychotropic treatment (S7 Table). Most NOD classifications were based on
exceeded clinical thresholds and not on new prescriptions of lipid-lowering
comedications (only one case). This is in agreement with the reported undertreatment of
dyslipidemia in psychiatric patients (16). Patients developing NOD had significantly
higher baseline lipid levels compared to patients who did not develop NOD (p<0.004),
making them closer to dyslipidemia thresholds, reminding that most included patients
were not drug naive when starting the current psychotropic treatment. The incidence of
NOD was significantly higher in patients whose early lipid change outreached 5%
compared to others (S8 Table).

In addition, the medication group was significantly associated with the incidence of new
onset hypercholesterolemia for LDL-C and non-HDL-C (p=0.01 and 0.05, respectively).

Moreover, men had significantly higher risk of new onset HDL-C and new onset
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hypertriglyceridemia compared to women (p=0.007 and p=0.04, respectively) and
patients with early weight gain had a higher incidence of new onset hypertriglyceridemia
and of new onset hypercholesterolemia compared to others (p=0.0004 and 0.05,

respectively) (S2 Figure).

2.6 Influence of the number of early lipid thresholds on new onset dyslipidemia

When restricting analyses to patients without dyslipidemia in any of the four lipid traits at
baseline (n=84), 12 patients did not reach any of the four lipid trait thresholds during the
first month of treatment, 12 had one EET, 25 had two EETs, 24 had three EETs and 11
had four EETs. EET(s) number was significantly associated with the risk of developing
at least one dyslipidemia during psychotropic treatment in whichever of the four lipid
traits (S9 Table). These results were supported by non-adjusted analyses (Fisher tests)
and interestingly, in contrast to results including each lipid trait separately, none of the
covariates was associated with the risk of developing dyslipidemia during psychotropic
treatment, suggesting that this risk is age- sex- baseline BMI- smoking- psychotropic
drug- and weight gain-independent and/or that the early lipid profile worsening captures

the main dyslipidemia risk variance.
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S1 Table. Lipid-lowering drugs considered as characterizing dyslipidemia

Lipid-lowering drugs Antidiabetic drugs  Antihypertensive drugs

Atorvastatin Desmopressin Aliskiren
Ezetimibe Glibenclamid Amiloride hydrochlorothiazide
Fenofibrate Gliclazide Amlodipin
Fluvastatin Glimepiride Atenolol
Pravastatin Insulin Bisoprolol
Rosuvastatin Metformin Bosentan
Simvastatin Pioglitazone Candesartan
Rosiglitazone Captopril
Sitagliptin Carvedilol
Vildagliptin Celiprolol

The list was extracted from (17). This list only provides lipid-lowering drugs prescribed in the present psychiatric sample.
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S2 Table. Demographic parameters and evolution of lipid profile during psychotropic

treatment in patients without lipid-lowering comedication

Demographics n=181
Age, median (IQR), y 33 (23-50)
Men, n(%) 96 (53)
Diagnosis, n(%)
Psychotic disorders 69 (38.1)
Schizoaffective disorders 13(7.2)
Bipolar disorders 28 (15.5)
Depressive disorders 26 (14.4)
Organic disorders 3(1.7)
Other 14 (7.7)
Not available 28 (15.5)
Medication, n(%)
Amisulpride 19 (10.5)
Aripiprazole 23 (12.7)
Clozapine 13(7.2)
Haloperidol 1(0.6)
Lithium 13(7.2)
Mirtazapine 5(2.8)
Olanzapine 33(18.2)
Quetiapine 53 (29.3)
Risperidone 13(7.2)
Valproate 8(4.4)
Variable evolution Baseline 1 month p-value' 3 months p-value’ 12 months __ p-value®
Smoking, n(%) 82 (45.3) 90 (50.0) 0.06 78 (52.0) 0.21 32 (52.5) 0.62
Overweight prevalence (BMI 2 25 kg/m2), n(%) 53 (32.1) 58 (35.4) 0.53 56 (41.8) 0.08 27 (46.6) 0.05
Obesity prevalence (BMI 2 30 kg/m?), n(%) 19 (11.5) 18 (11.0) 0.88 13(9.7) 0.61 12 (20.7) 0.08
Total cholesterol, median (IQR) mmol/I 4.7 (4-54) 4.7 (4.1-5.6) 0.12 4.9 (4.2-5.7) 0.03 5.1 (4.2-6.0) 0.02
Prevalence of hypercholesterolemia (= 5 mmol/l), n/total (%) 68/181 (37.6) 78/181 (43.1) 0.28 79/163 (48.5) 0.04 45/84 (53.6) 0.01
LDL-C, median (IQR) mmol/I 2.6(2-3.2) 2.7(2.2-3.3) 0.08 2.8 (2.2-3.4) 0.07 2.9 (2.3-3.6) 0.03
Prevalence of LDL hypercholesterolemia (= 3 mmol/l), n/total (%) 52/162 (32.1) 61/162 (37.7) 0.29 56/136 (41.2) 0.1 33/69 (47.8) 0.02
HDL-C, median (IQR) mmol/I 1.3(1.1-1.7) 1.3(1.1-1.6) 0.29 1.3 (1.1-1.6) 0.47 1.3 (1-1.6) 0.08
Prevalence of HDL hypocholesterolemia (£ 1 mmol/l), n/total (%) 30/173 (17.3) 36/173 (20.8) 0.41 28/153 (18.3) 0.82 25/80 (31.3) 0.01
Fasting TG, median (IQR) mmol/I 1.1(0.8-1.4) 1.1(0.9-1.6) 0.25 1.2 (0.8-1.6) 0.4 1.2(0.9-1.7) 0.12
Prevalence of hypertriglyceridemia (= 2 mmol/l), n/total (%) 11/95 (11.6) 15/95 (15.8) 0.4 14/85 (16.5) 0.34 9/37 (24.3) 0.07
Non-HDL-C, median (IQR) mmol/I 3.1(2.6-4) 3.4(2.8-4.1) 0.05 3.4 (2.9-4.3) 0.02 3.6 (2.9-4.6) 0.002
Prevalence of dyslipidemia, n/total (%)* 81/162 (50.0) 91/162 (56.2) 0.26 76/136 (55.9) 0.31 47/69 (68.1) 0.01

! p-values were calculated using ranksum tests (for continuous variables) and chi? tests (for categorical variables) between baseline

versus 1 month of treatment. Values in bold are significant.

2 p-values were calculated using ranksum tests (for continuous variables) and chi? tests (for categorical variables) between baseline

versus 3 months of treatment. Values in bold are significant.

® p-values were calculated using ranksum tests (for continuous variables) and chi’ tests (for categorical variables) between baseline

versus 12 months of treatment. Values in bold are significant.

* Dyslipidemia was defined as an elevated TC level (= 5 mmol/l (193 mg/dL)), LDL-C level (= 3 mmol/l (116 mg/dL)) and/or a low HDL-C
level (< 1 mmol/l (39 mg/dL)). In order to keep a sufficient number of observations, TG level was not considered in this variable.
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S3 Table. Receiver operating parameters for early lipid changes after one month to

predict lipid changes after 3 months of psychotropic treatment

TC increase TC increase

after 1st

month (2,%) month (2,%)

(3, IS IN¢, B &, NG |

(4]

10
10
10
10
10
15
15
15
15
15
20
20
20
20
25
25
25

after 3rd

10
15
20
25
30
35
10
15
20
25
30
35
15
20
25
30
35
20
25
30
35
25
30
35

PPV

69.7
57.58
50
40.91
33.33
24.24
75
61.54
53.85
44.23
38.46
26.92
68.29
60.98
51.22
43.9
31.71
75
67.86
60.71
46.43
71.43
66.67
47.62

NPV

84.38
87.5
94.79
96.88
97.92
97.92
80
83.64
90.91
93.64
96.36
96.36
81.82
89.26
92.56
95.04
95.87
87.31
91.79
94.78
96.27
89.36
92.91
94.33

Sensitivity Specificity

75.41
76
86.84
90
91.67
88.89
63.93
64
73.68
76.67
83.33
77.78
56
65.79
70
75
72.22
55.26
63.33
70.83
72.22
50
58.33
55.56
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80.2
75
73.39
70.45
68.12
65.28
87.13
82.14
80.65
78.03
76.81
73.61
88.39
87.1
84.85
83.33
80.56
94.35
93.18
92.03
89.58
95.45
94.93
92.36

AUC

77.8
75.5
80.11
80.23
79.89
77.08
75.53
73.07
77.16
77.35
80.07
75.69
722
76.44
77.42
79.17
76.39
74.81
78.26
81.43
80.9
72.73
76.63
73.96

Number of Number of

positives
after 1st
month

76
76
76
76
76
76
61
61
61
61
61
61
49
49
49
49
49
33
33
33
33
25
25
25

positives
after 3rd
month

61
50
38
30
24
18
61
50
38
30
24
18
50
38
30
24
18
38
30
24
18
30
24
18

Number of
observations

162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162



LDL
increase
after 1st

month (2,%) month (2,%)
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LDL
increase
after 3rd

5
10
15
20
25
30
35
40
45
50
55
10
15
20
25
30
35
40
45
50
55
15
20
25
30
35
40
45
50
55
20
25
30
35
40
45
50
55
25
30
35
40
45
50
55

PPV

81.13
64.15
60.38
54.72
52.83
52.83
47.17
41.51
37.74
30.19
24.53
67.35
63.27
57.14
55.1
55.1
48.98
42.86
38.78
30.61
24.49
62.22
57.78
57.78
57.78
51.11
44.44
40
33.33
26.67
65.71
65.71
65.71
57.14
48.57
45.71
40
31.43
74.07
74.07
66.67
59.26
55.56
48.15
37.04

NPV

78.75
82.5
87.5

90

91.25

95

96.25
97.5
97.5
97.5
97.5

82.14
86.9

89.29

90.48

94.05

95.24

96.43

96.43

96.43

96.43

84.09
87.5

89.77

93.18

94.32

95.45

95.45

96.59

96.59

85.71

87.76

90.82

91.84

92.86

93.88

95.92

95.92

85.85

88.68

90.57

92.45
93.4

95.28

95.28

Sensitivity Specificity

71.67
70.83
76.19
78.38
80
87.5
89.29
91.67
90.91
88.89
86.67
68.75
73.81
75.68
77.14
84.38
85.71
87.5
86.36
83.33
80
66.67
70.27
74.29
81.25
82.14
83.33
81.82
83.33
80
62.16
65.71
71.88
71.43
70.83
72.73
77.78
73.33
57.14
62.5
64.29
66.67
68.18
72.22
66.67

205

86.3
77.65
76.92

75
74.49
75.25
73.33
71.56
70.27
67.83

66.1
81.18
80.22
78.12
77.55
78.22
76.19
74.31
72.97
70.43
68.64
81.32
80.21
80.61
81.19
79.05
77.06
75.68
73.91
72.03

87.5
87.76
88.12
85.71
83.49
82.88
81.74
79.66
92.86
93.07
91.43
89.91
89.19
87.83
85.59

AUC

78.98
74.24
76.56
76.69
77.24
81.37
81.31
81.61
80.59
78.36
76.38
74.96
77.01
76.9
77.35
81.3
80.95
80.91
79.67
76.88
74.32
73.99
75.24
77.45
81.22
80.6
80.2
78.75
78.62
76.02
74.83
76.73
80
78.57
77.16
77.81
79.76
76.5
75
77.78
77.86
78.29
78.69
80.02
76.13

Number of Number of

positives
after 1st
month

68
68
68
68
68
68
68
68
68
68
68
62
62
62
62
62
62
62
62
62
62
57
57
57
57
57
57
57
57
57
47
47
47
47
47
47
47
47
36
36
36
36
36
36
36

positives
after 3rd
month

67
52
46
41
37
33
29
24
22
18
15
52
46
41
37
33
29
24
22
18
15
46
41
37
33
29
24
22
18
15
41
37
33
29
24
22
18
15
37
33
29
24
22
18
15

Number of
observations

149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149



TG increase TG increase

after 1st

month (2,%) month (2,%)
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after 3rd

10
15
20
25
30
35
40
45
50
10
15
20
25
30
35
40
45
50
15
20
25
30
35
40
45
50
20
25
30
35
40
45
50
25
30
35
40
45
50
30
35
40
45
50
35
40
45
50

PPV

58.33
5417
45.83
45.83
45.83
31.25
31.25
31.25
31.25
57.78
53.33
44 .44
44.44
44 .44
28.89
28.89
28.89
28.89
63.89
52.78
52.78
52.78
36.11
36.11
36.11
36.11
50
50
50
32.35
32.35
32.35
32.35
51.52
51.52
33.33
33.33
33.33
33.33
51.61
35.48
35.48
35.48
35.48
47.83
47.83
47.83
47.83

NPV

75.68
81.08
81.08
81.08
83.78
86.49
97.3
100
100
72.5
775
77.5
77.5
80
82.5
92.5
95
95
79.59
79.59
79.59
81.63
85.71
93.88
95.92
95.92
76.47
76.47
78.43
82.35
90.2
92.16
92.16
76.92
78.85
82.69
90.38
92.31
92.31
77.78
83.33
90.74
92.59
92.59
85.48
91.94
93.55
93.55

Sensitivity Specificity

75.68
78.79
75.86
75.86
78.57
75
93.75
100
100
70.27
72.73
68.97
68.97
71.43
65
81.25
86.67
86.67
69.7
65.52
65.52
67.86
65
81.25
86.67
86.67
58.62
58.62
60.71
55
68.75
73.33
73.33
58.62
60.71
55
68.75
73.33
73.33
57.14
55
68.75
73.33
73.33
55
68.75
73.33
73.33
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58.33
57.69
53.57
53.57
54.39
49.23
52.17
52.86
52.86
60.42
59.62
55.36
55.36
56.14
50.77
53.62
54.29
54.29
75
69.64
69.64
70.18
64.62
66.67
67.14
67.14
69.64
69.64
70.18
64.62
66.67
67.14
67.14
71.43
71.93
66.15
68.12
68.57
68.57
73.68
69.23
71.01
71.43
71.43
81.54
82.61
82.86
82.86

AUC

67
68.24
64.72
64.72
66.48
62.12
72.96
76.43
76.43
65.34
66.17
62.16
62.16
63.78
57.88
67.44
70.48
70.48
72.35
67.58
67.58
69.02
64.81
73.96

76.9
76.9
64.13
64.13
65.44
59.81
67.71
70.24
70.24
65.02
66.32
60.58
68.43
70.95
70.95
65.41
62.12
69.88
72.38
72.38
68.27
75.68
78.1
78.1

Number of Number of

positives
after 1st
month

54
54
54
54
54
54
54
54
54
51
51
51
51
51
51
51
51
51
40
40
40
40
40
40
40
40
37
37
37
37
37
37
37
36
36
36
36
36
36
34
34
34
34
34
26
26
26
26

positives
after 3rd
month

37
33
29
29
28
20
16
15
15
37
33
29
29
28
20
16
15
15
33
29
29
28
20
16
15
15
29
29
28
20
16
15
15
29
28
20
16
15
15
28
20
16
15
15
20
16
15
15

Number of
observations

87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87



HDL
decrease
after 1st

month (2,%) month (2,%)

5
5
5
5
10
10
10
15
15

HDL
decrease
after 3rd

5
10
15
20
10
15
20
15
20

PPV

63.16
50.88
36.84
24.56
59.09
43.18
27.27
53.12
34.38

NPV

76.34
84.95
89.25
93.55
83.96
88.68
92.45
88.14
92.37

Sensitivity Specificity

62.07
67.44
67.74
70
60.47
61.29
60
54.84
55
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7717
73.83
69.75
66.92
83.18
78.99
75.38
87.39
83.85

AUC

69.62
70.64
68.74
68.46
71.82
70.14
67.69
71.12
69.42

Number of Number of

positives
after 1st
month

71
71
71
71
56
56
56
41
41

positives
after 3rd
month

60
45
33
22
45
33
22
33
22

Number of
observations

159
159
159
159
159
159
159
159
159



Non-HDL-C Non-HDL-C

increase
after 1st

month (2,%) month (2,%)
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increase
after 3rd

5
10
15
20
25
30
35
40
45
50
55
10
15
20
25
30
35
40
45
50
55
15
20
25
30
35
40
45
50
55
20
25
30
35
40
45
50
55
25
30
35
40
45
50
55
30
35
40
45
50
55
35
40
45
50
55
40
45
50
55
45
50
55
50
55

PPV

73.85
60
55.38
55.38
50.77
46.15
44.62
38.46
32.31
30.77
26.15
67.27
61.82
61.82
58.18
52.73
50.91
43.64
36.36
34.55
29.09
68.75
68.75
64.58
58.33
56.25
47.92
39.58
37.5
31.25
75
72.22
63.89
61.11
52.78
47.22
44 .44
36.11
77.42
67.74
64.52
58.06
51.61
48.39
38.71
71.43
67.86
60.71
57.14
53.57
42.86
76.19
66.67
61.9
57.14
52.38
77.78
72.22
66.67
61.11
76.47
70.59
64.71
68.75
62.5

NPV

74.12

84.71
88.24
92.94
95.29
96.47
97.65
97.65
97.65
98.82
80
84.21
87.37
92.63
94.74
95.79
96.84
96.84
96.84
97.89
84.31
87.25
92.16
94.12
95.1
96.08
96.08
96.08
97.06
83.33
88.6
90.35
91.23
92.98
94.74
94.74
95.61
87.39
89.08
89.92
92.44
94.12
94.12
94.96
88.52
89.34
91.8
94.26
94.26
95.08
87.6
89.92
92.25
92.25
94.57
90.15
92.42
92.42
94.7
92.48
92.48
94.74
91.79
94.03

Sensitivity Specificity

68.57
69.64
73.47
78.26
84.62
88.24
90.62
92.59
91.3
90.91
94.44
66.07
69.39
73.91
82.05
85.29
87.5
88.89
86.96
86.36
88.89
67.35
71.74
79.49
82.35
84.38
85.19
82.61
81.82
83.33
58.7
66.67
67.65
68.75
70.37
73.91
72.73
72.22
61.54
61.76
62.5
66.67
69.57
68.18
66.67
58.82
59.38
62.96
69.57
68.18
66.67
50
51.85
56.52
54.55
61.11
51.85
56.52
54.55
61.11
56.52
54.55
61.11
50
55.56
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78.75
72.34
71.29
72.12
71.17
69.83
69.49
67.48
65.35
64.84
63.64
80.85
79.21
79.81
79.28
77.59
77.12
74.8
72.44
71.88
70.45
85.15
85.58
84.68
82.76
82.2
79.67
7717
76.56
75
91.35
90.99
88.79
88.14
86.18
85.04
84.38
82.58
93.69
91.38
90.68
89.43
88.19
87.5
85.61
93.1
92.37
91.06
90.55
89.84
87.88
95.76
94.31
93.7
92.97
92.42
96.75
96.06
95.31
94.7
96.85
96.09
95.45
96.09
95.45

AUC

73.66
70.99
72.38
75.19
77.89
79.03
80.06
80.04
78.33
77.88
79.04
73.46
74.3
76.86
80.67
81.44
82.31
81.84
79.7
79.12
79.67
76.25
78.66
82.09
82.56
83.29
82.43
79.89
79.19
79.17
75.02
78.83
78.22
78.44
78.27
79.48
78.55
77.4
77.62
76.57
76.59
78.05
78.88
77.84
76.14
75.96
75.87
77.01
80.06
79.01
77.27
72.88
73.08
75.11
73.76
76.77
74.3
76.29
74.93
77.9
76.69
75.32
78.28
73.05
75.51

Number of Number of

positives
after 1st
month

78
78
78
78
78
78
78
78
78
78
78
66
66
66
66
66
66
66
66
66
66
57
57
57
57
57
57
57
57
57
43
43
43
43
43
43
43
43
37
37
37
37
37
37
37
34
34
34
34
34
34
26
26
26
26
26
22
22
22
22
20
20
20
19
19

positives
after 3rd
month

72
57
50
46
39
34
32
27
23
22
18
57
50
46
39
34
32
27
23
22
18
50
46
39
34
32
27
23
22
18
46
39
34
32
27
23
22
18
39
34
32
27
23
22
18
34
32
27
23
22
18
32
27
23
22
18
27
23
22
18
23
22
18
22
18

Number of
observations

159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159



PPV: positive predictive value; NPV: negative predictive value; AUC: area under the curve; Number of positives after 1% month:
number of patients whose lipid levels outreached the 1% month threshold indicated in the first column. Number of positives after 3™

month: number of patients whose lipid levels outreached the 3" month threshold indicated in the second column.
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S4 Table. Receiver operating parameters for early lipid changes after one month to

predict lipid changes after 12 months of psychotropic treatment

TC increase TC increase

after 1°

month (2,%) month (2,%)

[S N, BN, ING, |

[3,]

10
10
10
10
15
15
15
15
20
20
20
25
25

after 12"

10
15
20
25
30
10
15
20
25
30
15
20
25
30
20
25
30
25
30

PPV

80
65.71
48.57
37.14
34.29
82.14
67.86
53.57
42.86
39.29
66.67

50

37.5
33.33
58.82
52.94
47.06
64.29
57.14

NPV

75.51
83.67
85.71
91.84
95.92
69.64
78.57
83.93
91.07
94.64
75
80
86.67
90
791
88.06
91.04
88.57
91.43

Sensitivity Specificity

70
74.19
70.83
76.47
85.71
57.5
61.29
62.5
70.59
78.57
51.61
50
52.94
57.14
41.67
52.94
57.14
52.94
57.14
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84.09
77.36
70
67.16
67.14
88.64
83.02
78.33
76.12
75.71
84.91
80
77.61
77.14
88.33
88.06
87.14
92.54
91.43

AUC

77.05
75.78
70.42
71.82
76.43
73.07
72.15
70.42
73.35
77.14
68.26
65
65.28
67.14
65
70.5
72.14
72.74
74.29

Number of Number of

positives
after 1%
month

76
76
76
76
76
61
61
61
61
61
49
49
49
49
33
33
33
25
25

positives
after 12"
month

40
31
24
17
14
40
31
24
17
14
31
24
17
14
24
17
14
17
14

Number of
observations

84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84



LDL
increase

after 1°

month (2,%) month (2,%)

aoaooaooaoaa

I\)I\)Nl\)l\)l\)I\)[\)N’\)[\)[\)N_\_\_\_\_\_\_\_\_\_\_\_\_\_L_\_\_\m
[6 146, ¢, I& I ) Ne oo NolNoNoNaolNO MO RO RO NN N N NololNoNo oo ool ol

LDL
increase

after 12™

5
10
15
20
25
30
35
40
45
50
10
15
20
25
30
35
40
45
50
15
20
25
30
35
40
45
50
20
25
30
35
40
45
50
25
30
35
40
45
50

PPV

84.62
76.92
69.23
57.69
53.85
50
42.31
42.31
42.31
38.46
75
70.83
58.33
54.17
5417
45.83
45.83
45.83
41.67
76.19
61.9
57.14
57.14
52.38
52.38
52.38
47.62
62.5
56.25
56.25
56.25
56.25
56.25
50
58.33
58.33
58.33
58.33
58.33
58.33

NPV

60.47
65.12
67.44
79.07
86.05
93.02
93.02
93.02
93.02
93.02
62.22
66.67
77.78
84.44
93.33
93.33
93.33
93.33
93.33
66.67
77.08
83.33
91.67
93.75
93.75
93.75
93.75
73.58
79.25
86.79
90.57
90.57
90.57
90.57
77.19
84.21
87.72
87.72
87.72
89.47

Sensitivity Specificity

56.41
57.14
56.25
62.5
70
81.25
78.57
78.57
78.57
76.92
51.43
53.12
58.33
65
81.25
78.57
78.57
78.57
76.92
50
54.17
60
75
78.57
78.57
78.57
76.92
41.67
45
56.25
64.29
64.29
64.29
61.54
35
43.75
50
50

53.85
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86.67
82.35
78.38
75.56
75.51
75.47
72.73
72.73
72.73
71.43
82.35
81.08
77.78
77.55
79.25
76.36
76.36
76.36
75
86.49
82.22
81.63
83.02
81.82
81.82
81.82
80.36
86.67
85.71
86.79
87.27
87.27
87.27
85.71
89.8
90.57
90.91
90.91
90.91
91.07

AUC

71.54
69.75
67.31
69.03
72.76
78.36
75.65
75.65
75.65
74.18
66.89
67.1
68.06
71.28
80.25
77.47
77.47
77.47
75.96
68.24
68.19
70.82
79.01
80.19
80.19
80.19
78.64
64.17
65.36
71.52
75.78
75.78
75.78
73.63
62.4
67.16
70.45
70.45
70.45
72.46

Number of Number of

positives
after 1°
month

68
68
68
68
68
68
68
68
68
68
62
62
62
62
62
62
62
62
62
57
57
57
57
57
57
57
57
47
47
47
47
47
47
47
36
36
36
36
36
36

positives
after 12"
month

41
37
33
24
20
16
14
14
14
13
37
33
24
20
16
14
14
14
13
33
24
20
16
14
14
14
13
24
20
16
14
14
14
13
20
16
14
14
14
13

Number of
observations

76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76



TG increase TG increase

after 1

month (2,%) month (2,%)

(S¢S, BN, BNS NG, &) ]

(3]

10
10
10
10
10
10
10
15
15
15
15
15
15
15
20
20
20
20
20
20
25
25
25
25
25
30
30
30
30
35
35
35

after 12"

10
15
20
25
30
35
40
45
10
15
20
25
30
35
40
45
15
20
25
30
35
40
45
20
25
30
35
40
45
25
30
35
40
45
30
35
40
45
35
40
45

PPV

71.43
71.43
71.43
71.43
71.43
61.9
47.62
47.62
75
75
75
75
75
65
50
50
75
75
75
75
62.5
50
50
73.33
73.33
73.33
60
46.67
46.67
73.33
73.33
60
46.67
46.67
73.33
60
46.67
46.67
72.73
63.64
63.64

NPV

56.25
62.5
68.75
75
75
75
75
81.25
58.82
64.71
70.59
76.47
76.47
76.47
76.47
82.35
57.14
61.9
66.67
66.67
66.67
71.43
76.19
59.09
63.64
63.64
63.64
68.18
72.73
63.64
63.64
63.64
68.18
72.73
63.64
63.64
68.18
72.73
65.38
73.08
76.92

Sensitivity Specificity

68.18
71.43
75
78.95
78.95
76.47
71.43
76.92
68.18
71.43
75
78.95
78.95
76.47
71.43
76.92
57.14
60
63.16
63.16
58.82
57.14
61.54
55
57.89
57.89
52.94
50
53.85
57.89
57.89
52.94
50
53.85
57.89
52.94
50
53.85
47.06
50
53.85
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60
62.5
64.71
66.67
66.67
60
52.17
5417
66.67
68.75
70.59
72.22
72.22
65
56.52
58.33
75
76.47
77.78
77.78
70
65.22
66.67
76.47
77.78
77.78
70
65.22
66.67
77.78
77.78
70
65.22
66.67
77.78
70
65.22
66.67
85
82.61
83.33

AUC

64.09
66.96
69.85
72.81
72.81
68.24
61.8
65.54
67.42
70.09
72.79
75.58
75.58
70.74
63.98
67.63
66.07
68.24
70.47
70.47
64.41
61.18
64.1
65.74
67.84
67.84
61.47
57.61
60.26
67.84
67.84
61.47
57.61
60.26
67.84
61.47
57.61
60.26
66.03
66.3
68.59

Number of Number of

positives
after 1%
month

54
54
54
54
54
54
54
54
51
51
51
51
51
51
51
51
40
40
40
40
40
40
40
37
37
37
37
37
37
36
36
36
36
36
34
34
34
34
26
26
26

positives
after 12"
month

22
21
20
19
19
17
14
13
22
21
20
19
19
17
14
13
21
20
19
19
17
14
13
20
19
19
17
14
13
19
19
17
14
13
19
17
14
13
17
14
13

Number of
observations

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38



HDL
decrease

after 1%

month (2,%) month (2,%)

5
5
5
5
10
10
10
15
15

HDL
decrease

after 12"

5
10
15
20
10
15
20
15
20

PPV

77.14
62.86
48.57
28.57
73.08
53.85
34.62
55.56
33.33

NPV

73.33
82.22
82.22
93.33
79.63
79.63
92.59
75.81
88.71

Sensitivity Specificity

69.23
73.33
68
76.92
63.33
56
69.23
40
46.15

213

80.49
74
67.27
62.69
86
78.18
74.63
85.45
82.09

AUC

74.86
73.67
67.64
69.8
74.67
67.09
71.93
62.73
64.12

Number of Number of

positives
after 1%
month

71
71
71
71
56
56
56
41
41

positives
after 12"
month

41
32
27
15
32
27
15
27
15

Number of
observations

83
83
83
83
83
83
83
83
83



Non-HDL-C Non-HDL-C

increase
after 1st

month (2,%) month (2,%)

5

a oo oaoaa

(3]

10
10
10
10
10
10
10
15
15
15
15
15
15
15
20
20
20
20
20
20
25
25
25
25
25
30
30

30
35
35

40
40
45

increase
after 12™

5
10
15
20
25
30
35
40
45
10
15
20
25
30
35
40
45
15
20
25
30
35
40
45
20
25
30
35
40
45
25
30
35
40
45
30
35
40
45
35
40
45
40
45
45

PPV

81.58
81.58
68.42
60.53
50
50
50
50
34.21
90.62
78.12
71.88
59.38
59.38
59.38
59.38
40.62
74.07
66.67
59.26
59.26
59.26
59.26
44.44
68.42
68.42
68.42
68.42
68.42
52.63
75
75
75
75
56.25
75
75
75
56.25
92.31
92.31
69.23
90.91
63.64
70

NPV

61.9
69.05
73.81
76.19
83.33
85.71
90.48
95.24
95.24
68.75

75
79.17
85.42

87.5
91.67
95.83
95.83
67.92

7.7
81.13
83.02
86.79
90.57
94.34
67.21
78.69
80.33
83.61
86.89

91.8
78.12
79.69
82.81
85.94
90.62
79.69
82.81
85.94
90.62
83.58
86.57
91.04
84.06
88.41
88.57

Sensitivity Specificity

65.96
70.45
70.27
69.7
73.08
76
82.61
90.48
86.67
65.91
67.57
69.7
73.08
76
82.61
90.48
86.67
54.05
54.55
61.54
64
69.57
76.19
80
39.39
50
52
56.52
61.9
66.67
46.15
48
52.17
57.14
60
48
52.17
57.14
60
52.17
57.14
60
47.62
46.67
46.67

78.79
80.56
72.09
68.09
64.81
65.45
66.67
67.8
61.54
91.67
83.72
80.85
75.93
76.36
77.19
77.97
70.77
83.72
80.85
79.63

80.7
81.36
76.92
87.23
88.89
89.09
89.47
89.83
86.15
92.59
92.73
92.98
93.22
89.23
92.73
92.98
93.22
89.23
98.25
98.31
93.85
98.31
93.85
95.38

AUC

72.37
75.51
71.18
68.89
68.95
70.73
74.64
79.14
741
78.79
75.64
75.27
745
76.18
79.9
84.22
78.72
68.89
67.7
70.58
72
75.13
78.77
78.46
63.31
69.44
70.55
73
75.87
76.41
69.37
70.36
72.58
75.18
74.62
70.36
72.58
75.18
74.62
75.21
77.72
76.92
72.96
70.26
71.03

Number of Number of

positives
after 1st
month

78
78
78
78
78
78
78
78
78
66
66
66
66
66
66
66
66
57
57
57
57
57
57
57
43
43
43
43
43
43
37
37
37
37
37
34
34
34
34
26
26
26
22
22
20

positives
after 3rd
month

49
45
38
34
26
25
23
21
15
45
38
34
26
25
23
21
15
38
34
26
25
23
21
15
34
26
25
23
21
15
26
25
23
21
15
25
23
21
15
23
21
15
21
15
15

Number of
observations

83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83

PPV: positive predictive value; NPV: negative predictive value; AUC: area under the curve. Number of positives after 1% month:

number of patients whose lipid levels outreached the 1* month threshold indicated in the first column. Number of positives after 12"

month: number of patients whose lipid levels outreached the 12" month threshold indicated in the second column.
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S5 Table. Linear mixed effect models fitted on lipid trait changes (%) over time in the discovery sample

Difference of TC change Difference of LDL-C Difference of TG Difference of HDL-C Difference of non-HDL-C

0, 0,
n (%) between <5% and | p-value | n fg;ngsd(f;;etmens p-value| n fgzng:d(fs);et\:fuens p-value| n [change (%) between <5% | p-value | n |change (%) between <5% | p-value
5% groups (95%Cl) ° (5% c°|)g P ° (95% c°|)g P and 25% groups (95%Cl) and 25% groups (95%Cl)
0 0

39.8% (-0.8% - 88.1%)| 0.03 ]172]-13.9% (-19.3% - (-)8.6%) [<0.0001)172| 36.1% (22.5% - 50.6%) [<0.0001

O

181 | 24.6% (16.1% - 33.2%) |<0.0001|161|34.0% (17.2% - 50.6%)| 0.0001 |9

Results were obtained by fitting a linear mixed model controlling for age, gender, time, baseline BMI, smoking, current psychotropic drug and early weight gain >5%, during the first three

months of treatment
P-values in bold are significant.

Abbreviation: TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; non-HDL-C: non high-density lipoprotein

cholesterol.
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S6 Table. Linear mixed effect models fitted on lipid trait changes (%) over time in the replication sample

Difference of TC change Difference of LDL-C Difference of TG change Difference of HDL-C Difference of non-HDL-C
n (%) between <5% and |p-value| n |change (%) between <5%|p-value| n | (%) between <5% and |p-value| n | change (%) between <5% |p-value| n | change (%) between <5% |p-value
25% groups (95%Cl) and 25% groups (95%Cl) 25% groups (95%Cl) and 25% groups (95%Cl) and 25% groups (95%Cl)

79 | 21.6% (10.2%-33.9%) [<0.001[73| 28.6% (12.7% - 45.0%) [<0.001]45| 56.5% (16.9% - 92.8%) | 0.003 |78 -21.4% (-30.6% - (-)11.8%) | <0.001|78| 30.9% (13.8% - 49.4%) [<0.001

Results were obtained by fitting a linear mixed model controlling for age, gender, time, baseline BMI, smoking, current psychotropic drug and early weight gain >5% after 3 and/or 12 months of

psychotropic treatment.

P-values in bold are significant.

Abbreviation: TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; non-HDL-C: non high-density lipoprotein cholesterol.
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S7 Table. Demographic parameters and comparisons between patients with and without new onset dyslipidemia

Patients Patients Patients Patients Patients Patients Patients Patients Patients Patients with
without with p-value without with p-value without with p-value without with p-value without NODnonHDL p-value
NODTC NODTC NODLDL NODLDL NODTG NODTG NODHDL NODHDL NODnonHDL (n=38)
(n=64) (n=50) (n=72) (n=43) (n=66) (n=18) (n=116) (n=36) (n=89)
Age, median (IQR), y 26 (20-41) 35 (26-50) 0.03 26 (20-44) 35 (25-51) 0.04 29 (20-46) 34 (26-42) 0.39 34 (22-53) 32 (25-55) 0.98 28 (20-46) 34 (28-51) 0.06
Men, n(%) 39 (60.9) 23 (46.0) 0.11 38 (52.8) 20 (46.5) 0.52 30 (45.5) 13 (72.2) 0.04 49 (42.2) 26 (72.2) 0.002 43 (48.3) 22 (57.9) 0.32
Smoking, n(%) 31 (48.4) 21 (42.0) 0.76 30 (41.7) 21 (48.8) 0.57 29 (43.9) 10 (55.6) 0.59 39 (33.6) 22 (61.1) 0.01 37 (41.6) 19 (50.0) 0.56
Diagnosis, n(%)
Psychotic disorders| 20 (31.3) 27 (54) 0.01 26 (36.1) 21 (48.8) 0.18 22 (33.3) 7 (38.9) 0.66 38 (32.7) 13 (36.1) 0.71 32 (35.9) 17 (44.7) 0.35
Schizoaffective disorders| 7 (1.09) 2 (4) 0.17 7(9.7) 2(4.7) 0.33 4(6.1) 2(11.1) 0.46 7 (6.0) 4(11.1) 0.3 9(10.1) 2(5.3) 0.37
Bipolar disorders 5(7.8) 5(10.0) 0.68 7(9.7) 3(7) 0.61 13 (19.7) 3(16.7) 0.77 20 (17.2) 8(22.2) 0.5 9(10.1) 5(13.2) 0.62
Depressive disorders| 12 (18.8) 0(0) 0.02 12 (16.7) 3(7) 0.14 11 (16.7) 4(22.2) 0.59 22 (18.9) 2 (5.6) 0.05 14 (15.7) 4 (10.5) 0.44
Organic disorders| 2 (3.1) 2 (4.0) 0.21 2(2.8) 0(0) 0.27 0 (0) 0 (0) 3(2.6) 1(2.8) 0.95 2(2.3) 1(2.6) 0.9
Other| 5(7.8) 7 (14.0) 0.29 6 (8.3) 4(9.3) 0.86 7 (10.6) 0 (0) 0.15 9(7.7) 4(11.1) 0.53 7(7.9) 4(10.5) 0.63
Not available| 13 (20.3) 7 (14.0) 0.38 12 (16.7) 10 (23.3) 0.39 9(13.6) 2(11.1) 0.78 17 (14.7) 4(11.1) 0.59 16 (18.0) 5(13.2) 0.5
Medication, n(%)
Amisulpride| 9 (14.1) 5(10.0) 0.51 10 (13.9) 4(9.3) 0.47 7(10.6) 1(5.6) 0.52 11 (9.5) 3(8.3) 0.84 11 (12.4) 1(2.6) 0.09
Aripiprazole| 10 (15.6) 4 (8.0) 0.22 11 (15.3) 1(2.3) 0.03 10 (15.2) 2(11.1) 0.66 16 (13.8) 3(8.3) 0.39 13 (14.6) 3(7.9) 0.3
Clozapine 3(4.7) 4 (8.0) 0.47 2(2.3) 8(18.6) 0.004 4(6.1) 2(11.1) 0.46 8(6.9) 1(2.8) 0.36 4 (4.5) 7(18.4) 0.01
Haloperidol 0(0) 0(0) 0(0) 1(2.3) 0.19 0(0) 0(0) 1(0.9) 0(0) 0.58 0(0) 0(0)
Lithium 2(3.1) 1(2.0) 0.71 5(6.9) 1(2.3) 0.28 5(7.6) 1(5.6) 0.77 9(7.8) 3(8.3) 0.91 6 (6.7) 1(2.6) 0.35
Mirtazapine 1(1.6) 0(0) 0.38 1(1.4) 0(0) 0.44 1(1.5) 0 (0) 0.6 3(2.6) 2(5.7) 0.38 2(2.3) 0(0) 0.35
Olanzapine| 14 (21.9) 12 (24.0) 0.79 1419.4) 11 (25.6) 0.44 12 (18.2) 2(11.1) 0.48 22 (18.9) 7(19.4) 0.95 18 (20.2) 8(21.1) 0.92
Quetiapine| 15 (23.4) 20 (40.0) 0.06 20 (27.8) 14 (32.6) 0.59 17 (25.7) 9 (50.0) 0.05 35(30.2) 9 (25.0) 0.55 24 (27.0) 14 (36.8) 0.27
Risperidone 5(7.8) 4 (8.0) 0.97 5(6.9) 3(7.0) 0.99 6(9.1) 1(5.6) 0.63 7 (6.0) 4(11.1) 0.3 6 (6.7) 4 (10.5) 0.47
Valproate 5(7.8) 0(0) 0.04 4 (5.6) 0(0) 0.12 4(6.1) 0 (0) 0.29 4 (3.5) 4(11.1) 0.07 5(5.6) 0(0) 0.14
Obesity prevalence (BMI = 30kg/m?), n(%)
Baseline| 6 (10.3) 6(9.1) 0.83 4 (5.9) 6 (16.7) 0.08 6 (10.0) 1(5.9) 0.6 10 (9.4) 5(15.6) 0.32 6 (7.3) 5(14.7) 0.22
1year| 4(13.8) 6 (27.3) 0.23 2 (6.5) 5(31.3) 0.02 4(17.4) 0(0) 0.24 6 (30.0) 5(6.0) 0.05 3(8.3) 7 (33.3) 0.02
Early weight gain (25%), n(%) 9(14.8) 12 (24.5) 0.2 12 (17.4) 10 (23.8) 0.41 5(7.7) 6 (35.3) 0.003 19 (17.1) 10 (28.6) 0.14 13 (15.1) 10 (27.0) 0.12
Psychiatric illness duration, median (IQR) years 3(1-8) 6 (2-10) 0.16 4 (2-10) 4 (1-13) 0.86 | 3.5(1-10.5) 5(3-10) 0.33 4 (1-10) 3(1-9) 0.35 4 (1-10) 4 (3-10) 0.55
Baseline lipid levels', median (IQR), mmol/I 3.9(3.5-4.3) 4.4(4.1-4.7) 0.0001 | 2.1 (1.8-2.4) 2.4(2.0-7.8) 0.003 | 1(0.7-1.2) 1.2(1.1-1.6) 0.004 [1.5(1.3-1.8) 1.2(1.2-1.4) <0.0001| 2.7 (2.2-3.1)  3.2(2.9-3.5) <0.0001

Only patients with no dyslipidemia at baseline are included.

NODTC: new-onset hypercholesterolemia, defined either by plasma levels of total cholesterol =5 mmol/l (193 mg/dL) and/or by prescription of a lipid-lowering agent.

NODLDL: new-onset LDL hypercholesterolemia, defined either by plasma levels of LDL cholesterol 23 mmol/l (116 mg/dL)and/or by prescription of a lipid-lowering agent.

NODTG: new-onset hypertriglyceridemia, defined either by plasma levels of triglycerides =2 mmol/l (177 mg/dL) and/or by the prescription of a lipid-lowering agent.

NODHDL: new-onset HDL hypocholesterolemia, defined either by plasma levels of HDL cholesterol <1 mmol/l (39 mg/dL) and/or by the prescription of a lipid-lowering agent.
NODnonHDL: new-onset nonHDL hypercholesterolemia, defined either by plasma levels of non-HDL cholesterol 24 mmol/l (154 mg/dL) and/or by the prescription of a lipid-lowering agent.
! Levels of TC for NODTC groups, LDL-C for NODLDL groups, TG for NODTG groups, HDL-C for NODHDL groups and non-HDL-C for NODnonHDL groups.

p-values were calculated using ranksum tests (for continuous variables) and chi tests (for categorical variables) between groups. Values in bold are significant.
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HDL hypercholesterolemia in patients receiving psychotropic treatment

S8 Table. Risk factors for new onset TC- and LDL hypercholesterolemia, hypertriglyceridemia, HDL-hypocholesterolemia and non-

NODTC (n=114) NODLDL (n=115) NODHDL (n=152) NODTG (n=84) NODnonHDL (n=127)
estimate (SE) p-value |estimate (SE) p-value |estimate (SE) p-value [|estimate (SE) p-value |estimate (SE) p-value
Age NS NS 0.03 (0.01) 0.02 NS NS
Sex NS NS 1.62 (0.60) 0.007 2.69 (1.02) 0.008 NS
Baseline BMI NS NS NS NS NS
Smoking status NS NS NS NS NS
Early lipid increase’| 1.25 (0.41) 0.002 1.65 (0.56) 0.003 1.84 (0.54) 0.0007 2.6 (1.24) 0.04 NS
Psychotropic medication group? NS 0.88 (0.30) 0.003 NS NS 0.62 (0.27) 0.02
Early weight gain®| 0.83 (0.41) 0.04 NS NS 2.2 (0.69) 0.001 1.10 (0.43) 0.01

Results were obtained by fitting Cox regressions controlling for age, gender, baseline BMI, smoking status, current psychotropic drug category and early weight gain >5% group.

' Early lipid change groups constructed according to 5% thresholds (25% versus <5% of TC increase for NODTC model, 25% versus <5% of LDL-C increase for NODLDL model, 25% versus
<5% of TG increase for NODTG model, 25% versus <5% of HDL-C decrease for NODHDL model and (25% versus <5% of non-HDL-C increase for NODnonHDL model ).

2 Psychotropic medication categories were defined according to their expected metabolic effect drugs i.e. olanzapine, clozapine and valproate being associated with the highest risk of
dyslipidemia, mirtazapine, lithium, risperidone and quetiapine conferring an intermediate risk, and aripiprazole, amisulpride and haloperidol being at lower risk.

® Early weight gain groups were constructed according to the 5% threshold after one month of treatment (25% versus <5%).

Abbreviation: SE: standard error; NS: non significant; NODTC: new onset hypercholesterolemia for total cholesterol; NODLDL: new onset hypercholesterolemia for low-density lipoprotein
cholesterol; NODTG: new onset hypertriglyceridemia; NODHDL: new onset hypocholesterolemia for high-density lipoprotein cholesterol; NODnonHDL: new onset hypercholesterolemia for non-

high-density lipoprotein cholesterol.
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S9 Table. Influence of the number of exceeded early thresholds on new onset

dyslipidemia during psychotropic treatment.

Risk of developing one or more new onset dyslipidemia

Non adjusted analyses Adjusted analyses
Fisher Logistic mixed model
Number of early exceeded | Patients developing at least one
thresholds dyslipidemia during psychotropic . o Adjusted odd-
freatment, n/total (%) Odd-ratio (CI 95%) p-value ratio (Cl 95%)2 p-value

Control 0 3/12 (25%)

Case 1230r4 47172 (65%) 5.5(1.2-34.5) 0.01 14.4(1.5-137.6) 0.02
Control 0,1 7/24 (29%)

Case 230r4 43160 (72%) 6.0 (1.9-20.4) 0.0005 10 (2.1 -47.2)  0.004
Control 0,1,2 22/49 (45%) ) )

Case 3ord 28/35 (80%) 48(1.7-15.7) 0.002 5.8(1.7-19.8)  0.005

Risk of developing two or more new onset dyslipidemia

Non adjusted analyses Adjusted analyses

Fisher Logistic mixed model

Number of early exceeded | Patients developing at least two
thresholds dyslipidemia during psychotropic Adjusted odd-

-rati 0 i i
treatment, n/total (%) Odd-ratio (CI 95%) p-value ratio (CI 95%)2 p-value

Control 0,1 3/24 (13%) ] )

i 23004 28160 (47%) 6.0 (1.5 - 34.8) 0005 | 6.8(1.1-42.1)  0.04
Control 0,1,2 9/49 (18%)

Oncs 3ord 22135 (63%) 7.3(25-231)  0.00007 | 9.2(2.4-36.1) 0.001
Control 0,123 21/73 (29%) ) )

i . 1011 91%) 23.8(3.1-1087.9) 0.0001 | 42.8(3.4-540) 0.004

" Number of early exceeded thresholds refers to TCi25%, LDLi25%, TGi=5% and/or HDLd>5%
? Logistic mixed models were adjusted for age, sex, baseline BMI, smoking status, psychotropic drug category and early weight gain

group.
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AAbsence of this
step for new onset

dyslipidemia

analyses (data 2)

O For TG analyses:
excluding follow-

ups with non
fasting

observations
(0]

6550 observations
2390 follow-ups
1603 patients

39170bservations
1860 follow-ups
1300 patients

2789 observations
1210 follow-ups
936 patients

1601 observations
461 follow-ups
401 patients

1054 observations
308 follow-ups
274 patients

972 observations
286 follow-ups
253 patients

453 observations
195 follow-ups
181 patients

421 observations
181 follow-ups
181 patients

222 TG observations

97 TG follow-ups
97 TG patients

TC: 114 patients

LDL: 115 patients

HDL: 152 patients &§
TG: 81 patients

P A VA VAVAVIAVEV RV

Excluding observations with no lipid measurement

Excluding observations with no baseline lipid measurement

Excluding observations with less than three lipid measurements

Excluding follow-ups with one or more observations of non-compliance

Excluding follow-ups with at least one lipid-lowering drug prescription

Excluding follow-ups with 15t month recorded <15 or >45 days;
12 month recorded >535 days

Excluding shortest follow-up if several follow-ups for the same patient

Excluding patients with baseline dyslipidemia and/or with baseline
prescription of a lipid-lowering drug.

S1 Figure. Flow chart of patient selection

Data 1 constitute data used for the determination of thresholds of early lipid changes to predict long-term lipid change, in patients
with no lipid-lowering medication at any time of treatment (see paragraphs 1.1 and 1.2).

Data 2 constitute data used for the analysis of thresholds of early lipid changes to predict new onset dyslipidemia, i.e. in patients
with no dyslipidemia at baseline (see paragraphs 1.1 and 1.2).

Of note, replication samples of data 1 and data 2 include patients with less strict criteria of drug-adherence, i.e. patients with at least
one observation with adherence ascertained, without any observations of non-adherence, but with one or several observations
without adherence measurement.

-220-



a ‘ TC hypercholesterolemia development according to early weight gain groups

1.001

N
P L L L T T T T

-----------------------------------------------------

Q75 ="~"~ ;

Cumulative survival probability
<o
g

T R i e,
o00f p=0.05
1 100 200 200 200 500

Psychotropic treatment duration (days)

S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters
a. Survival curves for NODTC (new onset hypercholesterolemia) according to weight gain threshold groups (n=114). Kaplan-Meier
p-value is shown.
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b . LDL hypercholesterolemia development according to medication groups
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S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters

b. Survival curves for NODLDL (new onset LDL hypercholesterolemia) according to psychotropic medication groups (low risk group
includes patients receiving amisulpride or aripiprazole; mid risk group includes patients receiving mirtazapine, haloperidol, lithium,
quetiapine, risperidone or paliperidone; high risk group includes patients receiving clozapine, olanzapine or valproate) (n=115).
Kaplan-Meier p-value is shown.
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(C. HDL hypocholesterolemia development according to age groups
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S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters
c. Survival curves for NODHDL (new onset HDL hypocholesterolemia) according to age groups (median=40 years old) (n=152).
Kaplan-Meier p-value is shown.
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cl. HOL hypocholesterclemia development according to gender
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S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters
d. Survival curves for NODHDL (new onset HDL hypocholesterolemia) according to gender (n=152). Kaplan-Meier p-value is shown.
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a Hypertriglyceridernia development according to gender
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S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters
e. Survival curves for NODTG (new onset hypertriglyceridemia) according to gender (n=84). Kaplan-Meier p-value is shown.
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f _ Hypertriglyceridemia development according to early WG groups
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S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters

f. Survival curves for NODTG (new onset hypertriglyceridemia) according to weight gain threshold groups (n=84). Kaplan-Meier p-
value is shown.
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g Mon-HDL hypercholesteralemia development according to medication aroups
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S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters

g. Survival curves for NODnonHDL (new onset non-HDL hypercholesterolemia) according to psychotropic medication groups (low
risk group includes patients receiving amisulpride or aripiprazole; mid risk group includes patients receiving mirtazapine, haloperidol,
lithium, quetiapine, risperidone or paliperidone; high risk group includes patients receiving clozapine, olanzapine or valproate)
(n=127). Kaplan-Meier p-value is shown.
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h Non-HDL hypercholesterolemia development according to eary WG groups
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S2 Figure. Survival curves for new onset dyslipidemia (NOD) by Kaplan-Meier curves

according to clinical parameters
h. Survival curves for NODnonHDL (new onset non-HDL hypercholesterolemia) according to weight gain threshold groups (n=127).
Kaplan-Meier p-value is shown.
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DISCUSSION
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A substantial inter-individual variation in the therapeutic efficacy and tolerability of
psychotropic drugs is observed in psychiatry, which represents a significant challenge for
physicians and their patients. Adverse metabolic effects induced by psychotropic drugs are a
major source of patients’ non adherence (and/or treatment discontinuation), which leads to
higher rates of relapse (165, 166). To date, there is still a lack of evidence regarding the
consideration of clinical and pharmacogenetic data in psychiatric care, in particular to prevent
metabolic side effects induced by psychotropic drugs. The global aim of the present thesis was
to improve the current understanding of psychotropic-induced metabolic side effects and to

identify the possible clinical and genetic predictors of these adverse effects.

For that purpose, we conducted different projects based on different approaches. Firstly, we
examined the influence of tagging SNPs localized in a candidate gene involved in the regulation
of food intake, the melanin-concentrating hormone receptor 2 (MCHRZ2), on BMI during
treatment with psychotropic drugs. In a second step, we aimed to determine whether
population-based genetic variants related to BMI are associated with cardiometabolic phenotype
worsening in patients during psychotropic treatment. The two other projects were focused on
psychotropic-induced lipid disturbances. Firstly, we investigated whether polygenic risk score
combining multiple risk-associated SNPs from two lipid meta-analyses were associated with
dyslipidemia-related traits in patients receiving psychotropic drugs. Secondly, in a more clinic-
based approach, we investigated the evolution of lipid changes over one year of treatment, and
attempted to define how plasma lipid changes during the first month of treatment could predict
mid- and long-term plasma lipid changes and new onset dyslipidemia (NOD) in patients taking
psychotropic drugs. Of note, we also investigated whether psychotropic drugs could induce
methylation changes in candidate genes during the first month of treatment, and to which extent
these potential epigenetic modulations were associated with the worsening of cardiometabolic
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parameters during psychotropic treatment. In addition, we aimed to use genetic and clinical

markers in order to predict early lipid changes during treatment with psychotropic medications.

Since the last decade, the ability to sequence DNA at increasing throughput and decreasing
cost has enabled scientists to successfully reveal many genetic variants associated with
cardiometabolic parameters in the general population (167) and in patients treated with
psychotropic drugs known to induce metabolic disturbances (130, 168). Although GWAS on
metabolic traits have been a rich source to determine new pathways and provide new candidate
genes, the explained variance of genetics on cardiometabolic phenotypes remains very low
(169-173). Thus, it appears that very little of the heritability of cardiometabolic phenotypes has
been explained, suggesting that many genetic and epigenetic variants remain to be determined.

In a first step, we conducted a candidate gene approach, i.e. a hypothesis-driven approach.
We focused our analysis on MCHR2, a receptor involved in the transduction of orexigenic
signals, which can be upregulated during treatment with antipsychotics and may probably
enhance rewarding aspects of food (69). We determined a significant association between BMI
and one variant (i.e. rs7754794) located in the promoter of MCHRZ2 and/or of its antisense gene.
In addition, this association was also recognized in individuals from the general population
suffering from atypical depression, an illness characterized by an improved mood in response to
positive events, featuring some symptoms such as an increased appetite, weight gain and
hypersomnia (174). It is worth mentioning that no difference of rs7754794 frequency was
observed in the atypical depression subgroup of PsyColLaus as compared to others, suggesting
that rs7754794 is not a risk factor for atypical depression but rather for BMI increase during
atypical depression. In our research unit, similar hypothesis-driven approaches were used to
identify associations between obesity and genetic variants located in other candidate genes
(e.g. HSD11B1, PCK1 and CRTC1 genes (131-133)); (see collaborations in Appendix).
Interestingly, the contribution of the latter genetic variants on metabolic phenotypes appeared to

be greater in psychiatric patients compared to individuals from the general population, possibly
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attributable to the higher prevalence of metabolic abnormalities in the psychiatric population
compared to the general population (32), but also to a possible specific synergistic influence of
these genetic factors in patients with psychiatric disorders. Thus, it has been hypothesized that
psychiatric disorders share common etiological pathways with obesity, suggesting that comorbid
obesity and psychiatric diseases have related neurobiological bases (175-177). Another further
study on CRTC1 aimed to investigate whether this gene was associated with major depressive
disorder (MDD) and/or with obesity markers in large case-control samples with MDD (178) (see
collaborations in Appendix). As for MCHR2, CRTC1 did not seem to play a role in the
development of psychiatric diseases, but was rather involved in obesity markers specifically in
individuals with MDD (178). By contrast, one example of a shared genetic contributor between
metabolic and psychiatric conditions is the well-known gene FTO, which was extensively
associated with obesity in GWAS (179), and which was also recognized to be associated with
major depressive disorder especially in patients suffering from atypical depression,
independently of BMI (180-182). To date, data on such shared and/or synergistic genes remain
scarce and further genetic studies are warranted to better elucidate the close interaction
between psychiatric and metabolic diseases, in particular in diagnostic-stratified studies.

As mentioned above, a growing body of evidence suggests that the influence of genetic
factors on metabolic phenotypes in patients suffering from psychiatric diseases seems to be
stronger than in healthy controls. On the other hand, some genetic studies have paid attention
to the possibility of certain genetic variants to be pleiotropic, meaning that these can be
associated with multiple phenotypic traits at once (e.g. obesity, hyperlipidemia, diabetes,
hypertension) (169). Given that the power to detect genetic associations with cardiometabolic
variables appears particularly high in the psychiatric population (177), we examined whether
SNPs previously associated with BMI and other cardiometabolic variables in the general
population (170) are associated with the worsening of cardiometabolic phenotypes in a
psychiatric population receiving psychotropic treatments known to induce metabolic

disturbances. In particular, we aimed to refine underlying mechanisms linking and/or discerning
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genetics of BMI with regard to other cardiometabolic comorbidities in the psychiatric population.
For that purpose, we used a hierarchical statistical approach to detect SNPs whose impact on
cardiometabolic variable deterioration during psychotropic treatment was meaningful, i.e. on TC,
HDL, LDL, TG, BMI, waist circumference (WC), fasting glucose (FG), systolic blood pressure
(SBP) and diastolic blood pressure (DBP). After some statistical steps fully described in the
paper (183), we determined that SH2B71 rs3888190C>A and RABEP1 rs1000940A>G were
significantly associated with LDL and FG levels, respectively, in two independent psychiatric
samples. This study proposed possible mechanisms to explain the novel association of these
SNPs with both cardiometabolic variables, which were not observed in population-based
samples. The most recent GWAS meta-analysis of BMI including more than 300’000 individuals
from the general population observed that although most BMI variants were associated with
related cardiometabolic traits in accordance with epidemiological relationships, some BMI-
associated variants had effects on other cardiometabolic traits going against biological
expectations. To date, cross phenotypic associations going against biological expectations are
only poorly understood and many other effects remain to be discovered. In addition, future
studies on obesity should preferably focus on body fat percentage rather than on BMI, which is

a less accurate marker of overall adiposity (184).

Metabolic diseases arise from a complex interplay between genetic and environmental
factors. During the last two decades, many efforts were put into understanding how genetic and
environmental factors interact to contribute to the development of cardiometabolic diseases.
Recently, epigenetic mechanisms have been proposed to link the genetic background with
environmental influences, thus placing significant expectations on their potential to give new
insights into the mechanisms underlying cardiometabolic diseases (185). Although different
types of epigenetic regulation have been investigated in relation to cardiometabolic diseases
(e.g. DNA methylation, histone modification and post-transcriptional silencing mediated by

micro-RNAs) (186-188), most efforts have been essentially put on DNA methylation, due in part
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to the large number of technical platforms available for analysis (189). A growing number of
epigenome-wide studies indicate that BMI and other obesity features are associated with
widespread changes in DNA methylation in different tissues (188, 190-193). Besides,
environmental factors such as smoking, diet, physical exercise, environmental toxins and
certain drugs are known to promote substantial changes in DNA methylation (194-204). In the
psychiatric population, DNA methylation changes in different genes and tissues have been
recognized in patients treated with psychotropic drugs, including atypical antipsychotics (73-75)
and mood stabilizers (76-78), giving insights into possible mechanisms underlying the side
effects of these drugs. Recently, some studies observed a relationship between the use of
second generation antipsychotics, insulin resistance and global DNA methylation (81, 82).
However, to the best of our knowledge, no prospective study has been performed yet in
psychiatric patients receiving psychotropic drugs. In the epigenetic project, we aimed to better
understand epigenetic mechanisms underlying metabolic adverse effects induced by
psychotropic drugs. In particular, methylation analyses were conducted in DNA extracted from
blood samples drawn before the initiation of psychotropic drug and after the first month of
treatment, in 96 candidate methylation sites, using each patient as his own control. During the
first month of psychotropic treatment, significant methylation decreases in 4 methylation sites
localized in different candidate genes (i.e. SP110, NR3C2, IRS2 and CRTC1) were determined.
In particular, during the first month of treatment, CRTC1 CpG319 decrease was associated with
BMI increase. However, whether BMI increase resulted from psychotropic-driven methylation
decrease or conversely (i.e. methylation decrease resulted from psychotropic-drug induced BMI
increase) remains to be determined. Such a causal inference could be conducted in future
studies using mendelian randomization, a recently proposed tool which can be used in this sort
of analysis (205). Besides, in order to test the validity of our GoldenGate Genotyping VeraCode
Technology-derived methylation results, CRTC1 CpG319 was assessed using another
technique considered as the gold-standard for methylation analyses, namely pyrosequencing.

Unfortunately, methylation values observed using pyrosequencing were totally inconsistent with
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those obtained with the GoldenGate Genotyping VeraCode Technology Assay. Since all quality
controls were adequate in results obtained using the GoldenGate VeraCode Technology, one
hypothesis that might explain these discrepancies is that the detected signal resulted from a
combination of multiple signals in the genome, suggesting that the probe used for these
analyses was not specific enough. This hypothesis is in accordance with one study which
recognized some limitations of methylation arrays from lllumina, such as a suboptimal probe
design (e.g. probes hybridizing to multiple map adresses) (206). In spite of this, in accordance
with results observed using the GoldenGate Genotyping VeraCode Technology, results from
pyrosequencing analyses also showed a trend of association between the CRTC7 SNP
previously associated BMI (i.e. rs3746266A>G) and CRTC1 CpG319, located only 10 base
pairs apart, in line with the literature showing associations between some methylation sites and
certain SNPs in their close proximity (207, 208). It is worth noting that this trend was also
observed in samples from adipose tissue, which sounds promising regarding the possible use of
blood samples as a peripheral biomarker, at least for the present methylation site. However, as
these results are only preliminary, they will be confirmed (or infirmed) in the future by using the
Infinium MethylationEPIC Array of lllumina, an assay including more than 850’000 methylation
sites. CRTC1 methylation sites (n=44 in 450K) will be analysed in order to better understand to
which extent CRTC1 is epigenetically modulated following psychotropic treatment and to
understand the biological mechanisms underlying this possible influence (funds obtained, study
in preparation). Globally, the contribution of epigenetic mechanisms in the development of
cardiometabolic diseases is an exciting, yet complex, field of research. A growing number of
prospective studies are now emerging, which will help better understand to which extent
epigenetic mechanisms are involved in the pathophysiology of cardiometabolic diseases,

specifically in patients taking psychotropic treatments known to induce metabolic abnormalities.

Metabolic diseases are polygenic diseases resulting from multiple contributing genetic

variants, which have shown minor effects on metabolic phenotypes when considered
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individually. In order to grasp the overall picture of the contribution of genetic factors in
cardiometabolic phenotype worsening during psychotropic treatments, one approach would
entail a combination of all contributing genetic risk factors into one single parameter. Thus,
combining data from numerous SNPs in the construction of a polygenic risk score (PRS) would
allow a better integration of these numerous nominal effects (139). While several PRS were
identified to be associated with obesity, diabetes and dyslipidemia in population-based studies
(140-142), associations between PRS and these metabolic conditions among the psychiatric
population have never been established. Our research group recently demonstrated that PRS
(combining 52 polymorphisms associated with BMI) was shown to be significantly associated
with BMI increase in psychiatric patients taking psychotropic treatment (142); see collaborations
in Appendix. Similarly, the aim of the third project was to investigate whether PRS combining
multiple risk-associated SNPs from two lipid meta-analyses (137, 138) were associated with
lipid traits (i.e. HDL, LDL, TC and TG) in patients taking psychotropic drugs known to induce
worsening of metabolic parameters. In the present study, we observed that genetic variants
from population-based PRS had significant influence on lipid levels in the psychiatric population.
Thus, genetics alone explained 4.3%, 3.4%, 3.3% and 4.8% of the total variability of HDL (73
SNPs), LDL (60 SNPs), TC (72 SNPs) and TG (47 SNPs), respectively. Compared to the
previously reported explained variability of BMI-associated SNP on BMI (i.e. 2%; see
collaborations in Appendix (142), these values are higher, in agreement with previous genetic
studies showing a greater contribution of genetics on lipid levels than on BMI (138, 170).
However, in the general population, polygenic risk scores constructed using lipid-associated
SNPs explained 6.6%, 5.7%, 8.2% and 5.0% for the variance of HDL, LDL, TC and TG
respectively (209), which seems higher than in the present psychiatric sample. This difference
can be explained by a lower number of patients in our psychiatric sample but also by the use of
inappropriate allele estimates. Thus, population-based estimates could either under- or over-
represent the influence of some SNPs in the psychiatric population, which may flatten explained

variability. As a matter of fact, the psychiatric population displays a greater influence of some
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genetic variants on metabolic features in comparison to the general population, possibly
because of an intricate interaction between the psychiatric illness and metabolic regulation (178,
210), as well as a higher prevalence of metabolic abnormalities in this specific population (211).
As a consequence, a PRS constructed with estimates from psychiatric samples would be more
pertinent and would certainly enhance the explained variability of genetics in this high-risk
population. Unfortunately, no GWAS on lipid traits has been performed in the psychiatric
population yet. Hence, results from this project underline the need to conduct GWAS in
psychiatric patients in order to get more accurate estimates for the construction of more
adequate polygenic risk scores. Although some questions remain about the eventual clinical
utility of polygenic risk scores, new ways to combine polygenic risk scores with other traditional

risk factors (e.g. clinical) may prove to be beneficial.

The clinical project of the present thesis aimed to calculate the predictive power of early (i.e.
after one month) modifications of lipid levels on further (i.e. after 3 months) changes of lipid
levels. In our psychiatric sample, increases of 5% for TC, LDL and TG (and decrease for HDL)
were found to be the best predictors for important lipid changes after 3 and 12 months of
psychotropic treatment. The negative predictive value observed for TG was in agreement with
findings from the only other predictive study previously conducted on lipid levels, which
recognized that patients with low triglyceride increase during the first month of treatment (i.e.
less than 20 mg/dl (corresponding to 0.22 mmol/l) after 6 to 12 weeks) did not have a
substantial triglyceride increase after 24 to 28 weeks of treatment with haloperidol, olanzapine
or risperidone (212). Taken together, results from the present study emphasize the importance
of metabolic monitoring in patients receiving psychotropic treatments known to induce metabolic
disturbances. Because clinicians have been found to have a poor adherence to these guidelines
worldwide (213), there is a need for programs to help educate providers and to facilitate
monitoring of these cardiometabolic risk factors. To date, no consensus has been established

among clinicians with regard to thresholds of lipid increase that would need a reconsideration of
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the psychotropic treatment. Nevertheless, recent guidelines from the European Society of
Cardiology and European Atherosclerosis Society were proposed for the management of
dyslipidemia in patients receiving antipsychotics (214). These recommendations emphasize the
importance of starting primary prevention earlier rather than later in psychiatric patients
receiving psychotropic medication associated with metabolic disturbances (215). In addition, a
study investigating cardiometabolic risks in first-episode schizophrenic patients showed that
only a small proportion of patients with dyslipidemia were treated with lipid-lowering agent,
underlining poor access to health care and an under-recognition of lipid abnormalities (216),
consistent with some other studies from Mitchell and collaborators (20, 213, 217) and with the
low proportion (i.e. less than 10%) of patients with hyperlipidemia who receive lipid-lowering
drugs in our present psychiatric sample. In the present study, patients with baseline
hypercholesterolemia appeared to be less prone to have = 5% early increase of TC, LDL, TG or
decrease of HDL during the first month, in comparison to patients who did not have baseline
hypercholesterolemia. These results are in agreement with those reported for early WG (i.e.
where baseline obese patients were less prone to have a strong and rapid WG during the first
month of treatment than leaner patients (218); (see collaborations in Appendix)). In order to
better understand to which extent early lipid levels could potentially predict an important WG
during the first year of psychotropic treatment, as well as the reverse (i.e. to which extent an
early WG could predict important lipid changes during the first year of treatment), further
predictive analyses were conducted. These additional analyses showed that patients with early
LDL, TC and TG increase of 25% had a significantly higher WG over one year of treatment (by
approximately 3%; p<0.007) compared to those who had an early LDL, TC and TG increase of
<5% (data not shown). However, the observed difference of WG appears clinically marginal,
indicating that, compared to early lipid predictors, the early WG predictor is a better indicator to
predict subsequent important WG. Conversely, patients with early WG 25% had higher HDL
decrease (9%; p=0.004) compared to others during the long term psychotropic treatment (no

difference was however observed for TC, LDL and TG increase). The above-mentioned results
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are in agreement with the reported kinetics of the different metabolic variables during
psychotropic treatment (haloperidol, risperidone or olanzapine) in patients with a first treated
psychotic episode (219). The latter study observed that weight and levels of TC, LDL and TG
significantly increased during the first year of treatment whereas HDL levels only started to

decrease after the first year of treatment (219).

The identification of at-risk patients before the initiation of a psychotropic drug, based on
individual susceptibilities, would be even more pertinent for personalized medicine. In the last
project, we aimed to combine genetic and clinical risk factors to predict, before initiating the
psychotropic treatment, patients who are at high risk for developing important increase of lipid
levels and/or dyslipidemia (i.e. patients with 25% early TC, LDL and TG increase and HDL
decrease). Genetic variants associated with lipid levels in GWAS meta-analyses from the
general population were retained in the final predictive model if they contributed to the variance
of linear mixed models, using a statistical method described in the project. Preliminary results
showed that adding genetic to clinical factors significantly increased the prediction of a 25%
early TC, LDL and TG increase and HDL decrease by approximately 20%. Analyses are
underway to test the present findings for replication in an independent psychiatric sample. Of
note, because no GWAS has been performed yet on the genetic determinants of a 5% increase

of lipid levels, no estimates were available to construct a polygenic risk score.

The results of the projects presented in the scope of this thesis need to be evaluated with
some limitations. First, projects including genetic analyses were restricted to Caucasian
patients. Second, effects of environmental changes such as physical exercise or diet habits
throughout the treatment, which could have influenced the evolution of metabolic features, were
not available and therefore not taken into account. Third, a considerable drop-out rate was
observed during the prospective study, reducing the number of available observations after one
year of treatment, possibly due to psychiatry-related factors such as treatment switching, poor

medication compliance and/or the refusal of outpatients to be followed-up. Fourth, in both cross-
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sectional studies (i.e. Etude Ambulatoire and Etude Poids Geneve), initial weights (i.e. before
the introduction of the psychotropic treatment) were self-estimated by patients, which may not
be accurate. However, it is worth mentioning that, for a subset of patients for whom both self-
reported and medical file weights were available, a good concordance between both values was
observed (164). In addition, the majority of patients were not drug naive, and the observed
metabolic disturbances may have resulted from past treatments. However, the naturalistic
setting of the present studies strengthens the clinical validity of the present findings. In addition,
therapeutic drug monitoring was performed to ascertain compliance to exclude false negatives,
i.e. patients who did not develop metabolic disturbances because they did not take the drug,
which is an important factor to consider in the psychiatric population. Finally, the naturalistic and

prospective setting of PsyMetab strengthens the clinical validity of the present findings.

Perspectives

The present work gives new insights into mechanisms underlying psychotropic drug-induced
metabolic disturbances and emphasizes the importance of clinical and genetic parameters to
predict metabolic side effects in patients receiving these drugs, providing possible steps towards

personalized medicine.

In particular, clinically useful values for sensitivity, specificity and accuracy (>70%) were
identified using predictive models integrating clinical and/or genetic predictors. For instance,
models including both polygenic risk scores and clinical variables indicated that the prediction of
HDL hypocholesterolemia was informative and useful enough (220) and that only 24 patients
would be needed to be genotyped to avoid HDL hypocholesterolemia for one patient (221).
Besides, an early lipid increase during the first month of treatment of 2 5% for TC, LDL and TG
and an early decrease of = 5% for HDL were identified as best predictors for subsequent
important lipid changes after 3 and 12 months of psychotropic treatment. Sensitivities of these

early predictors (=70%) indicated that they allowed the detection of the majority of at-risk
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patients. Conversely, the observed high negative predictive values (294%) implied that most
patients who did not outreach early lipid thresholds did not have neither substantial increase of
lipid levels in the longer-term. Finally, models combining clinical and genetic variables to predict
early lipid changes of 25% displayed high predictive values (i.e. AUC>0.8) and emphasized the
additive value of adding genetic in the model, improving accuracy by more than 10%. The
aforementioned results seem clinically relevant and should motivate clinicians to consider
genetic testing in clinical health care. However, these models should be tested for replication in
additional studies with larger sample size before the additive value of including genetic
information in predictive models is transposable to routine clinical practice. On the other hand, it
must be emphasized that our results show the need to combine clinical with genetic data to
increase the accuracy of predictive models.

With improvements in technology, the analysis of multiple genes in a single assay has
become more easily available, for considerably lower costs than previously for single gene
tests. Thus, costs for genome sequencing have been in continuous free falls since the human
genome has been sequenced for the first time in 2003 (which costed roughly $ 2.7 billion and
took more than ten years). In 2017, lllumina announced the launch of a new sequencer, called
NovaSeq, able to sequence a whole genome for less than $100, within less than one hour.
Many scientists have predicted that in the near future, each individual’'s entire genome will be
sequenced, making genetic results available for clinical use and for an optimized health care
throughout life (222). Nowadays, the question is therefore shifting from “whether to perform a
genetic test” to “how the available genetic results can and should be used for prescribing
optimization”. Considering the important amount of data we are facing, there is a growing need
of consortia to puts efforts into creating evidence-based and publicly available guidelines for
prescribers to know how to use genomic data.

Despite an increasing number of tools helping to predict side effects, a trial and error
strategy is still commonly used today in clinical practice when prescribing psychotropic drugs.

Thus, many barriers hinder the implementation of clinical and pharmacogenetic tools in clinical
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settings. For instance, many health care systems do not provide financial reimbursement for
preventive medicine or for pre-emptive screening services (223, 224), although the situation has
changed recently in Switzerland (225). Although the cost-effectiveness for some drugs has been
studied (226), the cost-effectiveness of a panel approach implemented early in life usable for an
individual’s lifetime has never been established, which impedes reimbursement of systematic
pre-emptive genomic testing. In addition, the significant reduction of genotyping costs is
counterbalanced by emerging costs associated with genetic result interpretations and their
continuous updates, including annotation of additional novel variants (222). Another hurdle of
using pharmacogenetic tools in clinical settings is the lack of clinical guidelines for translating
genetic variation into actionable recommendations. Finally, other barriers include the willingness
of more clinical evidence, the lack of education among clinicians about utility and interpretation
of pharmacogenomic tests and logistic barriers (e.g. institutional inertia, automation of clinical
decision support in electronic medical record) (227). For the last ten years, many efforts of
implementation were made worldwide for improving therapy by integrating pharmacogenetic
information into clinical care (228-234). In the near future, genetic tests integrated into
comprehensive knowledge of side effects related to psychotropic drugs will hopefully help to
intervene earlier to achieve better somatic outcomes.

In parallel, the implementation of metabolic monitoring programs has still to be developed in
many institutions. Although the American Diabetes Association and the American Psychiatric
Association published a consensus statement including metabolic monitoring guidelines more
than ten years ago (235), clinicians have been found to have a poor adherence to them.
According to studies conducted between 2000 and 2011 in five countries, only 22% of patients
initiating a second-generation antipsychotic received a test for lipid profile (213). Even if local
and national guideline implementations helped to significantly increase this disquieting
screening rate (up to 37%), rates of testing remained insufficient (213). More recently, another
study also concluded that only a minority of psychiatric patients being prescribed psychotropic

medications known to induce metabolic side effects was screened for metabolic syndrome in
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accordance with best practice recommendations (236). In addition, it has been evaluated that
nearly 40% of primary care providers were unaware of consensus guidelines for metabolic
monitoring, an alarming rate which should be diminished, partly by putting more efforts into the
enforcement of knowledge (237). In our institution, since ten years, many efforts have been
made to carry out metabolic monitoring in clinical practice. However, further steps need to be
taken in order to improve the early detection of at-risk patients and to define clinical
recommendations and procedures for dealing with metabolic disturbances.

With regard to future research projects, an increased number of patients and of
observations would enable to examine the evolution of additional pertinent phenotypes during
psychotropic treatment. For instance, calculating a cardiovascular risk score (e.g. Framingham
risk score (238)), would be useful to determine the likelihood of a patient to develop
cardiovascular disease (e.g. coronary heart disease, stroke, peripheral vascular disease, or
heart failure) over a fixed time, for example the next 10 years. Because such an algorithm
integrates numerous cardiovascular risk factors, i.e. sex, age, systolic blood pressure, total
cholesterol, high-density lipoprotein cholesterol, smoking behavior, and diabetes status, such
analyses require data fully completed for each of these variables. Furthermore, an increased
number of patients would allow performing medication-stratified analyses in order to examine
the influence of particular psychotropic drugs on the worsening of metabolic parameters. In the
future, many other projects will be conducted in our research group once the number of
observations and/or of patients is sufficient.

Finally, complex diseases such as obesity and dyslipidemia arise from a close interplay
between genetic and multiple environmental factors. Ongoing and future whole-genome
sequencing studies will help to identify additional common and rare variants associated with
these diseases. In addition, the influence of other sources of variability including other genetic
(e.g. copy number variants) or epigenetic factors (e.g. histone acetylation, DNA methylation and
microRNA) should be integrated in future predictive models. Last but not least, multiple “omic”

techniques, including transcriptomics, epigenomics, proteomics, metabolomics and/or
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microbiomics, also recently emerged as possible predictors of complex diseases (213). Future
studies integrating the combination of such variables will need to develop complex statistical
algorithms in order to further refine the prediction of metabolic side effects induced by
psychotropic drugs.

To conclude, over the last decades, substantial improvements have been achieved in
medical science. To date, many efforts remain to be made before personalized medicine can be
applied in routine care, in particular for patients suffering from complex diseases. The
emergence of new “omic” techniques holds the promise of providing new steps towards

personalized medicine.
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Impact of HSD11B1 polymorphisms on BMI and components
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Background Metabolic syndrome (MetS) associated with
psychiatric disorders and psychotropic treatments
represents a major health issue. 11f-Hydroxysteroid
dehydrogenase type 1 (113-HSD1) is an enzyme that
catalyzes tissue regeneration of active cortisol from
cortisone. Elevated enzymatic activity of 11-HSD1 may
lead to the development of MetS.

Methods We investigated the association between seven
HSD11B1 gene (encoding 113-HSD1) polymorphisms and
BMI and MetS components in a psychiatric sample treated
with potential weight gain-inducing psychotropic drugs

(n = 478). The polymorphisms that survived Bonferroni
correction were analyzed in two independent psychiatric
samples (ng, = 168, ng, = 188) and in several large
population-based samples (n, = 5338; n, = 123 865;

n3 > 100 000).

Results HSD11B1 rs846910-A, rs375319-A, and
rs4844488-G allele carriers were found to be associated
with lower BMI, waist circumference, and diastolic blood
pressure compared with the reference genotype

(Peorrected < 0.05). These associations were exclusively
detected in women (n = 257) with more than 3.1 kg/mz,

7.5 cm, and 4.2 mmHg lower BMI, waist circumference, and
diastolic blood pressure, respectively, in rs846970-A,
rs375319-A, and rs4844488-G allele carriers compared with
noncarriers (Peoprected < 0.05). Conversely, carriers of the
rs846906-T allele had significantly higher waist
circumference and triglycerides and lower high-density
lipoprotein-cholesterol exclusively in men

(Peorrectea = 0.028). The rs846906-T allele was also

Introduction

Weight gain and obesity are major health problems asso-
ciated with psychiatric disorders and/or with psychotropic
drug treatments, and in particular, atypical antipsychotics
(AP) and some mood stabilizers (MS) [1,2]. T'his may have

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of this
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associated with a higher risk of MetS at 3 months of follow-
up (odds ratio: 3.31, 95% confidence interval: 1.53-7.17,
Pcorrectea = 0.014). No association was observed between
HSD11B1 polymorphisms and BMI and MetS components
in the population-based samples.

Conclusions Our results indicate that HSD1181
polymorphisms may contribute toward the development of
MetS in psychiatric patients treated with potential weight
gain-inducing psychotropic drugs, but do not play a
significant role in the general population. Pharmacogenetics
and Genomics 25:246-258 Copyright © 2015

Wolters Kluwer Health, Inc. All rights reserved.
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major clinical consequences considering that obesity can
lead to the development of other components of the
metabolic syndrome (MetS) such as dyslipidemia, hyper-
tension, and type 2 diabetes [1], which may ultimarely lead
to the development of cardiovascular discases (CVDs),
reducing patients’ quality of life and increasing mortality in
psvychiatric populations [3]. Indeed, schizophrenic patients
are reported to have excess risk of mortality and 20%
shorter life span compared with the general population,
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with CVDs being the leading cause of death [4]. Meta-
analyses also showed nearly two times increased risk of
mortality and CVDs in depressive patients [5] and regular
follow-up of all components of the MetS is therefore
strongly recommended in psychiatric patients receiving
psychotropic drug treatments [6].

Heritability has been shown to influence individual sus-
ceptbility to overweight or obesity, both in the gencral
population [7,8] and in psychiatric patients treated with
weight-inducing psychotropic drugs [9-11]. Genome-wide
association studies (GWAS) carried out to date only explain
a small fraction of BMI heritability [8] and more obesity
susceprtibility genes remain to be discovered. Whereas
genome-wide association study meta-analyses have been
very useful; other approaches are also needed to further
understand the biology of human obesiry.

The 11p-hvdroxysteroid dehydrogenase type 1 (11p-
HSD1) has been associated with the MetS in the general
population (reviewed in Wamil and Seckl [12]). This
microsomal enzyme catalyzes tissue regeneration of active
cortisol from the inactive form cortisone and is highly
expressed in metabolic tissues such as liver and adipose
tssue and also in the central nervous system, where it
amplifies the action of endogenous cortisol, which binds
to glucocorticosteroids receptors [13]. Although nor all
patients with MertS have increased levels of cortisol [14], it
is well known that increased plasma cortisol levels (as in
Cushing’s syndrome) are associated with visceral obesity
and with other features of the MetS. Thus, increased
enzymatic activity of 11p-HSD1 may also lead to the
development of MetS. Indeed, mice with transgenic
overexpression of 11B-HSD1 in liver or adipose tissue are
hyperphagic, obese, and show other features of the MetS,
especially under a high-fac diet [15,16], whereas inhibition
of 113-HSD1 ameliorates the features of MetS in obese
mice [17,18]. In obese humans, there is an association
berween 113-HSD1 activity in abdominal subcuraneous
fat/adiposc tissue and central obesity [19,20].

Human population-based studies suggest that poly-
morphisms within the //SD/1B1 gene, which encodes
118-HSD1, are associated with MetS and/or its different
components [21-25]. Two single nucleotide polymorph-
isms (SNPs), HSD11B1 rs846910G > A in the 5'-flanking
region and r5/20866347> G in the third intron, were
associated independently with type 2 diabetes [21],
hypertension [22,23], waist circumference (WC) [23], and
the MetS overall [23], but not with BMI [21,22,26-28].
Other SNPs within the HSD//B1 showed inconsistent
results with the MetS [26,28-30]. Importantly, no phar-
macogenetic studies, t our knowledge, have investi-
gated the association between HSD//B/ SNPs and
obesity or MetS components in psychiatric samples
treated with psychotropic weight gain-inducing drugs.

We aimed to study the association of seven HSD/1B1 var-
iants (15/2565906G > 1, 1510863782G > A, n846910G > A,

Pharmacogenetics of the MetS in psychiatry Quteineh et al. 247

i3753519G > A, 15120866341 > G,  rx48444880 > G, and
n5846900C>T) with BMI, MetS, and its different compo-
nents in psychiatric patients taking potential weight gain-
inducing psychotropic drugs, a population known to have
the higher prevalence of obesity, and hence MetS, com-
pared with the general population.

Materials and methods

The association of HS§D11B1 variants with BMI, MetS,
and its different components as defined by the National
Cholesterol Education Program’s Adult Treatment Panel
11 report (ATP 1) [31] including WC, systolic and
diastolic blood pressure (SBP and DBP), fasting glucose,
triglycerides, and high-density  lipoprotein-cholesterol
(HDL-C) was investigated in the main study sample. A
full description of this sample has been published else-
where [32]. Briefly, 478 White psychiatric patients with
newly prescribed aripiprazole, amisulpride, clozapine,
olanzapine, quetiapine, risperidone, lithium, valproate,
and/or mirtazapine were recruited prospectively since
2007 from all psychiatric wards of the Lausanne
University Hospital. Sixty-two percent had already
received other psychotropic treatments and were inclu-
ded after having switched medication. No wash-out
period was required. Body weight, WC, blood pressure,
and the other components of the MetS were pro-
spectively recorded at several time points during the first
12 months of psychotropic treatment according to pub-
lished recommended monitoring guidelines (i.c. before
starting the current psychotropic drugs, and then at
months 1, 2, 3, 6, 9, and 12) [6]. The newly introduced
psychotropic drug was considered the main psychotropic
medication and any other potential weight gain-inducing
drugs of interest, including typical and atypical AP and
MS, were classified as comedications possibly causing
weight gain. The study was approved by the Psychiatry
Ethics Committee of Lausanne University hospital and
written informed consent was provided by all participants
or by their legal representatives.

Replication samples

We attempred to replicate the results in two independent
samples of White psychiatric patients [32]. The first repli-
cation sample was from a retrospective study carried out in
outpatient  psychiatric centers of Geneva University
Hospital from 2006 to 2008. A total of 168 patients treated
for more than 3 months with clozapine, olanzapine, que-
tapine, risperidone, lithium, and/or valproate were inclu-
ded. Seventy-two percent had already received other
psychotropic treatments before the current treatment. The
second replication sample was also recruited from a retro-
spective study carried out since 2010 in two outpatient
psychiatric centers of Lausanne (Lausanne University
Hospital and a private psychiatric center). A total of 188
patients treated with aripiprazole, amisulpride, clozapine,
olanzapine, quetiapine, risperidone, sertindole lithium,
and/or valproate were included. Fifty-two percent of the
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studied sample had already received another psychotropic
drug before the current treatment. For both samples, only
BMI was available at different time-points during treat-
ment; body weight and height were measured in all
patients at inclusion, whereas their baseline weight before
the initiation of the current treatment and/or at different
times during treatment was obtained from the medical file
or was self-reported (baseline weight was self-reported in
76% of the cases). As shown previously in our replication
samples [32], self-reported weight was found to be a very
reliable estmate of measured weight obtained from the
medical files. Both studics consisted of one single visit
performed during the usual clinical psychiatric follow-up.
T'he medication with the longest treatment duration was
entered in the model as the main psychotropic medication.
Both studies were approved by their respective ethical
committees and written informed consent was provided by
all participants or by their legal representatives.

Population-based samples

Cohorte Lausannoise (ColLaus and PsyColaus)
Participants aged 35-75 years in this population-based
study (CoLaus) were recruited between June 2003 and
May 2006 as described previously [33]. The assessment
included cardiovascular risk factors such as the BMI, fat
mass, WC, blood pressure, blood glucose, triglycerides,
and HDL-C. In addition, all Whites (91% of the sample)
underwent a genetic exam (#=>5338). All participants of
ColLaus in the age range of 35-66 years were asked to
also participate in a psychiatric evaluation (PsyCol.aus)
based essentially on a semistructured diagnostic inter-
view [34]. Combined genetic and psychiatric data were
available for 2990 participants. Genotyping for the
ColL.aus/PsyColLaus participants was performed using the
Affymetrix GeneChipR Human Mapping 500K array set.

Genetic Investigation of ANtropometric Traits (GIANT)
consortium

The GIAN'T consortium carried out a meta-analysis of
GWAS darta with a discovery set of 123 865 individuals of
European ancestry from 46 studies for height [35], BMI
[8], and waist-to hip ratio [36].

Genome-wide associations scans for total cholesterol,
high-density lipoprotein-cholesterol, low-density
lipoprotein-cholesterol, and triglycerides

Data on lipid traits have been downloaded from the
‘Genome Wide Associations Scans for Total Cholesterol,
HDL-C, LDL-C and triglycerides’ website [37,38],
which is a merta-analysis of 46 lipid GWASs. These stu-
dies together comprise around 100000 individuals of
European descent (maximum sample size 100 184 for
total cholesterol, 95 454 for LL.D1.-C, 99 900 for HDL.-C,
and 96598 for triglycerides), ascertained in the USA,
Europe, or Australia.

Of note, ColLaus is part of both GIAN'T" and *Genome
Wide Associations Scans for "T'otal Cholesterol, HDL-C,
LDL-C and triglycerides’.

Selection and genotyping of HSD118B1 polymorphisms
Genomic DNA of psychiatric patients’ was extracted
from whole blood. Selection and genotyping of HSD/11B1
SNPs were carried out in two steps: first 758469106 > A,
120866347 > G polymorphisms, which were investi-
gated previously in the general population, were selected
and genotyped using the TagMan allelic discrimination
assay (ABI PRISM 7000 Scquence Derection System;
Applied Biosystems, Rotkreuz, Switzerland). TagMan
SNP Genotyping Assays 1D: C___8887157_10 and 1D:
C__22275467_10 were used for 75846910G>A and
151208663491 > G SNPs, respectively. All reagents were
obtained from Applied Biosystems, and genotyping was
performed according to the manufacturer’s protocol. In a
second step, sclection of tagging SNPs within the
HSDI11B1 gene using the hapMap Genome Browser
(release 28) and analyzed by haploview [39] was applied.
Eight tagging SNPs (r5712565406G > T, rs10863782G > A,
846910G > A, ri3753519G> A, 5120866347 > G,
rs11119328C> A, 1548444881 > G, and  r5846906C > T)
were found by limiting the search to SNPs with a minor
allele frequency more than 5% in the White population
and an 7* cutoff of 0.8, covering 100% of genetic varia-
tions within the #SD71B1 gene in the HapMap Genome
Browser and 87% of HSD11B1 genetic variations in the
1000genome database [40]. Of note, both 75896910G > A
and 75/20866341> G were among the tagging SNPs,
These eight SNPs were customized and added to the
[llumina 200K cardiometabochip [41]. All the SNPs were
tested for Hardy-Weinberg equilibrium and linkage
disequilibrium (L.D), the latter measured by both D’ and
/. It is worth mentioning that genotypes for
13846910G > A and 15120866347 > G performed using the
TagMan method were identical to those genotyped using
the cardiometabochip. For technical reasons, HSD11B1
15111719328 SNP could not be genotyped in the cardio-
metabochip; therefore, seven HSD//BI SNPs were
finally analyzed (covering 86% of genetic variations
within the HSDI/BI gene in the HapMap Genome
Browser).

Gene expression analysis

The functional effect of the two promoter SNPs
(r5846910G > A and r53753519G > A) on HSD11B1 gene
expression was investigated in a peripheral model using
peripheral blood mononuclear cells (derails in Supple-
mentary data, Supplemental digital content 1, Atp://links.
lww.com[IFPCIAST5).

Statistical analysis

Psychiatric samples

The impact of ASD7/B81 SNPs on BMI, MetS, and its
components was investigated in the main psychiatric
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follow-up study, in which multiple observations for cach
clinical variable for each patient at different time-points
were measured. Because of the nonlinearity of our
models and the absence of any linear transformation,
these associations were assessed by fitting a Generalized
Additive Mixed Model (GAMM) [42.43] to allow a smooth
trend for the response in time on the basis of mulaple
observations for each partient (using a thin plate regression
spline basis) adjusting for age, sex, smoking status, current
psychorropic drug, and comedications possibly causing weight
gain for BMI and WC analyses (lists of these comedications
have been published in Choong & al. [32]), adjusted for
anthypertensive drug intake for blood pressure analyses,
antidiabetics for glucose analyses, and hypolipidemic drug
intake for triglycerides and HDL-C analyses. A random effect
at the participant level was also introduced to take the
dependence structure of the observed data into account.
GAMMSs were fitted using the mgev package of R (settings
were fixed at package defaules). To be more conservative, the
uncertainty of estimated parameters was assessed by 1000
bootstraps [44] at the participant level and the results were
similar to those obtained by 10 000 bootstraps. Whenever the
P-value for the 1000 bootstrap was lower than 0.001
(P2 <0.001), 10000 bootstrap analysis was carried out. If the
P-value for the 10000 bootstrap was lower than 0.0001
(P<0.0001), 100000 bootstrap was applied. The model is
fitted on all observations of patients; thus, model coefficients
provide information on both the direction and the magnitude
of the overall association between BMI and different com-
ponents of the MetS and the genotypes for the specific period
of treatment studied. "T'he psychotropic drugs were classified
according to their therapeutic class (AP vs. MS vs. mirtaza-
pine) [45]. Similar GAMM models were applied to test the
association between HSD/1B1 SNPs and BMI in the repli-
cation samples and in the combined sample.

Because of the small number of individuals homozygous for
HSD11B1 variant alleles, the associations were analyzed
using a dominant model. Stratificd sex analyses were carried
out systematically when analyzing the effect of HSD11B1
polymorphisms on BMI or MetS components. T'he P-values
of these models were adjusted for multiple comparisons
using Bonferroni correction; for each outcome tested in the
main study sample, the P-values were corrected by the
seven studied HSD77B1 SNPs. Both the empirical P-values
for the GAMM models and the adjusted P-values are cited
in the Tables and Supplementary Tables (Jap:/flinks.faw.
comfFPCIASTS, htip:tllinks.faw.com/FFPCIASTY, htip:fllinks.few.
com[FPCIAS20, hpfllinks.fw.com/FFPCIAS21, htpfllinks.few.
com{lPCIAS22, http:fllinks.fow.com/lFPCIAS26).

The z*-test was used to assess the risk of MetS as a whole
between HSDIIBI genotypes at baseline, 3, and
12 months of follow-up. Logistic regression was then
applied adjusting for age and sex.

All the analyses were carried out using Stata 12 (StataCorp,
College Station, T'exas, USA) and R version 2.13.0 software
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(http:ffwwa R-project.org). Haploview 4.2 (Daly Lab at the
Broad Institute, Cambridge, Massachusetts, USA) [39] was
used to define haplotype blocks and LD between different
HSD11B1 SNPs (D' and /7).

Population-based studies

The associations of /SD//B71 SNPs with adiposity traits
(BMI, weight, WC, and fat mass), blood pressure, and glucose
and lipid traits were analyzed using multvariate lincar
regression with allele dosage in which potential confounding
factors such as age, sex, and smoking status were added as
covariates in the Col.aus study. In addition, to determine
whether the SNPs of interest were differentally associated
with the components of the MetS in patients with and
without major depressive disorder (MDD), we tested the
two-way interactions between each HSD//BI SNP and
MDD in the PsyColLaus subsample. BMI, WC, and waist-to
hip ratio were the only adiposity traits analyzed by the
GIANT Consortum. Triglycenides and HDL-C were ana-
lyzed in the ‘Genome Wide Associations Scans for "Total
Cholesterol, HDL-C, LDL-C and triglycenides’ study. In
both meta-analysis GWAS studies, we determined the asso-
ciation P-values for the four SNPs. For the GIANT study,
sex-specific BMI associations were also available [46]. As the
three population-based samples have large samples sizes and
to measure the influence of cach copy of the protective/risk
variant allele, the association between HSD//B1 SNPs and
metabolic traits were tested in an additive model.

Results

Table 1 shows the clinical characteristics of the White
samples of the main study (#=478) and the two repli-
cation studies (#; =168 and #, = 188). The prevalence of
obesity was higher in the replication studies compared
with the main study, which could be explained by the
very long treatment duration in the former studies
(Table 1). MetS was detected in almost 17% of the main
psychiatric sample at baseline, and 27 and 27.5% at 3 and
12 months of the follow-up, respectively.

Table 2 shows the analyzed HSD71B1 SNPs, their posi-
tons, and minor allele frequencies observed in the main
psychiatric study sample (#=478). None of the SNPs
deviates from Hardy=Weinberg equilibrium and the minor
allele frequencies in the psychiatric sample was comparable
with those reported in HapMap for Whites (Table 2).
Haploview analyses defined two haplotype blocks formed
from  5/12565406-r510863782 and  15846910-rs3753519
SNPs (Supplementary Fig. 1, Supplemental digital con-
tent 2, updflinks.fow.com/FFPCIAS816). Only 310863782 and
133753519 SNPs were in considerable LD (#=0.58)
(Supplementary Fig. 1b, Supplemental digital content 2,
httpflinks.kow.com/F PCIAS16).

Genotype frequencies in the main psychiatric sample,
the replication samples, and the combined sample are
shown in Supplementary Table 1 (Supplemental digital
content 3, sup:iilinks.tow.comFPCIASTT).
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Table 1 Characteristics of the three psychiatric study pl
main study and replication studies
Second
Psych First replicati plicati
study sample sample sample
Characteristics (n=478) (n=168) (n=188)
Men (%) 43.7 529 62.2
Age [median (range)] 80 (12-97) 422 (195-64) 423 (19-69)
years
Diagnosis (36)
Psychotic disorders 28.7 274 420
Mood disorders 35.4 494 298
Schizoaffective 6.5 165 A7
disorder
Other diagnosis 19.2 71 133
Unknown diagnosis 10.2 06 3.2
BMI
Initial BMI [median 235 25.2 244
(range)] (kg/m?)* (13.3-44.5) (16.4-45.5) (15.5-46.2)
25 > initial BMI <30 22.7 36.7 31.7
(96)*
Initial BMI > 30 (3)* 15.7 151 15
Current BMI [median 242 28.0 265
{range)] (kg/m?) (15.2-50.2) (16.2-42.3) (16.8-43.9)
26 = current BMI <30 25.6 298 335
(%)
Current BMI > 30 (%) 18.7 399 276
Smoker (%) 420 595 76.4
Prescribed psychotropic drug
Amisulpride (%) 82 0 10.7
Aripirazole (%) 88 0 75
Clozapine (%) 7.3 143 9.1
Olanzapine (%) 105 16.1 123
Quetiapine (%) 322 18.4 224
Risperidone (%) 159 17.3 17.6
Lithium (%) 69 20.2 1.8
Valproate (%) 4.8 13.7 86
Mirtazapine (%) 54 0 (4]
Treatment duration, 6.0 (1.0-12.0) 274 35.7
[median (range)] (2.9-332.6) (1.0-390.3)
(months)
Comedication possibly 483 29.2 26.1
causing weight gain
(%)

“Before the current psychotropic treatment.

Table 2 Genomic positions, minor allele frequencies, and deviation
from Hardy-Weinberg equilibrium of HSD11B1 single nucleotide
polymorphisms in the main psychiatric study

HSD11B1 SNP  Alleles W/m Position MAF  HWE MAF HapMap

1512565406 G/T 209861086 0.088 0.33 0.085
rs10863782 G/A 209872590 0.175 0.65 0.164
rs846910 GI/A 209875254 0.058 0.23 0.077
rs3753519 G/A 209875515 0110 056 0.097
1512086634 TG 209880259 0.178 0.73 0.206
rs4844488 AG 209885509 0.040 0.77 0.075
rs846906 cm 200887718 0.151  0.76 0.136

HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequencies,

HSD11B1 polymorphisms in the main psychiatric study
sample

Only complete observations and data on the tested vari-
ables were included in the GAMM model (different
sample sizes were obrained for cach clinical variable).
Carriers of the variant 75846910-A, r53753719-A, and
154844488-G alleles showed 2.3, 2.3, and 2.2 kg/m? lower
BMI values, respectively, compared with patients with
the wild-type genotypes [#=450, Bonferroni-corrected

P-values  (Peonecead) =0.0014,  <0.00007, and 0.007,
respectively] (‘Table 3). This association was exclusively
detected in women (#=257), with more than 3.1 kg/m3
lower BMI in HSDIIBI r5846910-A, rs375319-A, and
154844488-G carriers  compared  with  noncarriers
(Peorrectea <0.00007, <0.00007, and 0.04, respectively,
explaining 3.6, 4.8, and 1.5% of BMI variance in women),
whereas no association was observed among men
(1=193, Pomectea> 0.05) (Table 3). No significant asso-
ciation was observed between HSDIIB1 15120866347 >
G, rs10863782G > A, rs12565406G > T, and 158469060 > T
SNPs and BMI, also when analyzing men and women
separately (P, reced > 0.05).

Because of sex differences of WC, the GAMM was
applied for each sex separately. Similar to the findings for
BMI, women (#=255) had 8.2 cm (Pyirecreq = 0.00007),
8.1 em (Pegmectea < 0.00007), and 7.5 em (Peprecrea = 0.028)
lower WC among carriers of the HSDI1B1 rs846910-A,
13375319-A, and 759844488-G alleles, respectively, com-
pared with noncarriers, explaining 2.8, 5.1, and 1.7% of
the variance in WC (Table 4). No association was
observed between these three SNPs and WC in men.
Interestingly, for the 5846906 > T SNP, only men car-
rying the 7-allele showed 4.7 cm higher WC compared
with noncarriers (#=204, Pyrecea=0.014), explaining
2.3% of the variance in WC. No significant association
was obscrved between HSDIIBI 5120866341 > G,
s10863782G > A and r312565406G > T and WC in both
sexes (Peorecred > 0.05).

No significant association was observed between HSD/IB1
SNPs and SBP in the main psychiatric group (7=2386,
Poreciea™> 0.05) or on analyzing the men and women sub-
groups (Supplementary Table 2, Supplemental digital content
4, hnpfllinks.fow.com/FPCIASIS). However, r846910G> A,
n375319G> A, and 48444880 > G were  associated  sig-
nificantdy with DBP. Among women (»=219), carriers of the
n846910-A,  13375319-A, and  n9844488-G alleles  had
4.7 mmHg (Peomecrea =0.028), 4.2 mmHg (Pepmecrea = 0.004),
and 7.0 mmHg (P oreced = 0.001) lower DBP compared with
noncarriers, explaining 1.3, 1.9, and 2.2% of the variance in
DBP for cach SNP, respectively (Supplementary Table 3,
Supplemental digital content 5, Aupfflinks.kew.com/IFPCIAS19).

No significant association was observed between
HSD/71B1 SNPs and fasting blood glucose in the main
psychiatric group (7 =294, Pireciea > 0.05) or on analyz-
ing subgroups of men and women (Supplementary
"Table 4, Supplemental digital content 6, Aup:/llinks.fow.
com[FPCIA820). However, lipid analyses showed a sig-
nificant association between 75846906C> T and trigly-
cerides in the entire sample, with 7=allele carriers having
0.29 mmol/l higher rtriglyceride levels compared with
noncarriers (# =312, P yeccea=0.007, explained vari-
ance = 1.9%). T'his association was exclusively observed
in men, among whom carricrs of the 7-allele had
0.53 mmol/l higher triglyceride levels compared with
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3 g g § £ noncarriers (7 =128, Peyrecea = 0.028), explaining 5.4% of
& variance in triglycerides  (Supplementary  Table 5,
z . - o Supplemental digital content 7, Aup:/ilinks.lww.com/FPCY
2 3 g g - =4 A821). No significant association was observed between
; E 2 2 o | the other HSD//B1 SNPs and triglycerides, ecither for
k & ¥ women or for men (P reced > 0.05). Because of differ-
1 4 ences in HDL-C levels between men and women, the
1| § @ & L GAMM model was used for each sex separately
£ ) © N P
k 2 T % § (Supplementary Table 6, Supplemental digital content 8,
i 3| 8 2 ge 82| http:fflinks.fww.com/FFPCIA822). Interestingly, men carry-
gl S¢e §§ §§ 1 ing the 7-allele of 75846906C> T showed 0.14 mmol/l
8 i el gL @1 lower HDL-C levels compared with noncarriers (7= 126,
£ f & E B Peorecea =0.006), explaining 3.4% of the variance in
g | ! 1| g HDL-C. No significant association was observed between
s H )
£ S the other HSD/1B1 SNPs and HDL-C (Peomeceed > 0.05).
a 2
B l|s & 8
3 2 HSD11B1 polymorphisms in the psychiatric replication
" z studies
o 5 w b g
'§ :’: 3 2|k Only BMI data were available for the two psychiatric
b4 ; replication  samples.  The  three  HSDIIBI SNPs
-§ & g 13846910G > A, 1s3753519G > A, and 7548444881 > G that
o~ . . . . .
% 3 8 8 8 g survived Bonferroni correction for BMI were analyzed in
g @ e = < § the replication samples (Supplementary Table 7,
> P Supplemental digital content 9, Aup:flinks.fww.com/FPC/
oz (=3 [ 15620). Ior the 1557505 >4, a significant association
3 _ 3 =3 A823). For the 1s3753519G > A, a signifi fati
° é 2 < °le was only found in the second replication sample
= G| 82 82 g g (#=184), in which carriers of the A-allele had 1.3 kg/m?
3 § g‘f £a §£ g P lower BMI compared with noncarriers (95% confidence
§ 2l 21 @l @i § 34 interval: —2.28 tw —0.31, P=0.01) (Supplementary
3 § = g2 5 2 Table 7, Supplemental digital content 9, Aup://links.lww.
s [ I 1 [8 &8 com|FPCIAS23).
g o=
© %S No association was observed between HS.
P N bserved ¢ HSD11B1
"E 2 2 2 §, E Z 75846910G > A or rs48444884 > G SNPs and BMI in the
E g =2 two replication samples. The lower frequency of female
:E- S = @ H 38 participants in both replication samples (Table 1) did not
g :, 2 b 4 §§ explain the lack of association between these two SNPs
2 $ §§ and BMI, given that there was also no such association
:’ ¥ g' b ;- among women in these samples.
- & B 5 582
] 'i § § g § % L2 On combining the three psvchiatric samples, a significant
Fl1R: v S EF association was observed between HSD11B1 15846910G > A
: ﬁ 2 ;g and BMI in the entre sample (#=802, P=0.001) and in
E ] & & g £ 2 women (#7=406, P<0.0001) (Table 5). Significant associa-
2 g. 2 - Q € 29 tions were also found for rx37535/9G:>A in the entire
g o 8 3 é 2 _:-,_ 3 ; § 8 sample, as well as in men and women, whereas
Q g 2 §g gg_ ggj 1 < ) 1548444884 > G was no longer associated with BMI after
% g § e7 27 =21 § 2 adding the replication samples to the main study sample
8 g 8 58385 (Table 5).
- - o |log®
% ! ! "ls § & g We further studied the effect of HSD/1B1 SNPs on BMI
a _S':ul§ between different psychotropic drugs. HSD77B1 SNPs
'% <| 8 8 8 } ;g = were mostly associated with BMI in the subgroup of
3 53 € g paticnts treated with olanzapine/clozapine or with
ﬁ & % od % 3 risperidone/quetiapine. No influence of HSD/71B1 SNPs
- 2 35 5? i E 'af 2 - was found in the subgroup of patients treated with MS
2 s § 93 g 23 33 S:’ R g § (more details in Supplementary Table 8, Supplemental
e ol ¢ 4 e Ea0s digital content 10, Aup:/ilinks.kow.com/FFPCIAS24).
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HSD11B1 haplotype blocks and combinations

A haplotype block was created from HSDIIB1 15846910
and 753753579, A small increase in the effect was
observed in patients carrying the variant alleles of the two
SNPs compared with the other genotypes and also
compared with the carriers of the variant allele of each
SNP separately. More details in Supplementary Table 9,
Supplemental digital content 11 (hep:fflinks.lww.com/
FPCIAS25).

HSD11B1 single nucleotide polymorphisms in newly
diagnosed patients

The effect of HSD17B1 SNPs on BMI or MetS compo-
nents (mainly WC and DBP) was more pronounced in a
subgroup of patients from the main psychiatric study
sample who were newly diagnosed with a psychiatric dis-
order. Details in Supplementary Tables 10, Supplemental
digital content 12 (hup:fllinks.tfow.com{FPCIAS26) and 11,
Supplemental digital content 12 (hup:/llinks.few.com/FFPCl
A826).

HSD11B1 polymorphisms and the risk of metabolic
syndrome

The risk of Mets as a whole was assessed berween dif-
ferent HSDI1BI1 genotypes at three time-points: at
bascline, and at 3 and 12 months of follow-up (‘T'able 6).
75846906C > 1" was associated with a higher risk of MetS
at 3 months of follow-up (21 and 43% for rs846906-CC
and 7-allele carriers, respectively, odds ratio: 3.31, 95%
confidence interval: 1.53-7.17, Peomecea =0.014). The
same association was observed for this SNP and MetS at
12 months of follow-up, but did not survive Bonferroni
correction (T'able 6). None of the other H§D7181 SNPs
were associated with the MetS. The same results were
also obtained applying the criteria of the International
Diabetes Federation consensus [47] (data not shown).

HSD11B1 polymorphisms in the population-based
samples

No significant associations were observed berween
HSD11B1 SNPs that survived Bonferroni corrections
(rs846910G > A, 153753519G > A, 1548444881 > G, and
73846906C > 1) and BMI or MetS components in the
Col.aus sample, including sex analyses (Supplementary
Table 12 Supplemental digital content 13, Aup://links.
few.com/FFPCIAS27). Morcover, in PsyCol.aus, there
were no two-way interactions between HSD//B1 SNPs
and MDD for the risk of the MetS or its components, that
is there was no evidence for differential associations
berween these SNPs and MetS components according to
the patients’ depression status. #8D7/81 SNPs were not
associated with obesity traits in the GIANT study sample
or with lipid traits in the ‘Genome Wide Associations
Scans for Total Cholesterol, HDL-C, LDL-C and tri-
glveerides’ study. Morcover, GIANT"s sex-specific meta-
analyses (Npen =60 586 and Nyomen =73 137) [46] do not
show significant associations between the four HSD71B1

SNPs and BMI (Supplementary Table 13, Supplemental
digital content 14, Aup:fllinks.few.com/FPCIAS2S). Interest-
ingly, even if the results were not significant, the direction
of the association was similar to the psychiatric samples in
most of the population-based analyses.

Gene expression analyses and HSD11B1 polymorphism
No influence of 75846910G > A and 753753519G > A was
observed on HSD11B1 gene expression. Details includ-
ing discussion are available in Supplementary data and
Supplementary Figs 2—4 (Supplemental digital content 1,
heap:filinks.fww.com/lFPCIASTS).

Discussion

Several conflicting results have been found  between
HSDIIB! SNPs and MetS in the general population.
However, these studies were carried out in relatively small
samples with different ethnicities. The present study aimed
to test whether common SNPs within the HSD71B1 gene
are associated with BMI and the MetS in a sample of psy-
chiatric patients receiving potential weight gain-inducing
psychotropic drugs, which has, to our knowledge, never
been investigated. In addition, we extended our analyses to
several large community samples to elucidate the real
impact of HSDI//BI SNPs in nonclinical individuals.
Carricrs of the variant alleles of three HSDIIBI SNPs
(r5896910-A, 153753519-A, and rs4844488-G) showed lower
BMI, WC, and DBP compared with the wild-type geno-
types in the main psychiatric study sample. These associa-
tons were exclusively observed in women., A small increase
in the effect on BMI and/or MetS components was also
observed by combining two SNPs, n8469/0G> A, and
33753519G > A. In addition, men carrying the variant allele
of 5846906C > T showed higher WC, higher triglycerides,
and lower HDL-C blood levels compared with wild-type
genotype. /ISD11B1 SNPs were investigated previously in
population-based samples and related to the MetS, but with
contradictory results. In American Indians, the variant
13846910-A allele was associated with diabetes mellitus
(#=706) [21] and higher blood pressure (#=918) [22]. In
contrast, in a study in Bosnian patients (#=86), the
13846910-A allele showed a protective effect against high
blood pressure [48]. This SNP also showed a protective
effect in 248 White families ascertained through a proband
with hypertension (#> 800) as it was associated with lower
left ventricular mass, an independent risk factor for cardio-
vascular mortality [25]. In a sample of 600 women, patients
who were heterozygous for 73846910-A and homozygous for
120866341 had a higher risk of MetS; however, no data
were presented for the influence of 738469/0 SNP solely
with the MetS [23]. Finally, this SNP was not associated
with obesity or other metabolic traits in other studies
(2 =448, 534, 1880) [27,28,49). These contradictory results
could be explained by differences in methodology and
tested samples as well as differences in the outcome in cach
study. Rs3753579G> A was investigated in only one study
and 733753579-A was associated strongly with obesity in
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Table6 A iation bety HSD1181 types and the metaboli di as defined by the National Cholesterol Education Program's
Adult Treatment Panel 1l report in the main psychiatric sample
At baseline 3 months 12 months
Pvalue P-value
n (%) OR (95% CI) (Peoracied) n (%) OR (85% Cl)  P-value (Peorroctod) n (%) OR (95% Cl) (Peorrocted)

r$12565406

GG 23/135 (17) Reference 371137 (27) Reference 23/87 (26) Reference

GTIT 4/26 (15) 1.34 (0.39-4.602) 0.64 (>0.05) 7/26 (27) 1.18 (0.44-3.14) 0.75 (>0.05) 7/22 (32) 1.25 (0.44-353) 0.68 (>0.05)
1510863782

GG 20/111 (18) Reference 31/116 (27) Reference 19/75 (25) Reference

GA/AA 7/50 (14) 1.16 (0.42-3.19)  0.78 (>0.05) 13/47 (28) 1.11 (0.50-2.44) 0.79 (>0.05) 11/34 (32) 1.36 (0.55-3.37) 0.51 (>0.05)
15846910

GG 26/145 (18) Reference 41/147 (28) Reference 27/100 (27) Reference

GA/AA 1116 (6) 0.46 (0.06-3.88) 048 (>005)  3/16 (19) 069 (0.18-2.66)  0.59 (>0.05) 3/9 (33) 1.32 (0.30-5.74) 0.71 (>0.05)
rs3753519

GG 24/129 (19) Reference 40/138 (29) Reference 23/84 (27) Reference

GA/AA 3/32(9) 061(0.16-2.26) 0.46 (>0.05) 4/25 (16) 0.52 (0.16-1.68) 0.28 (>0.05) 7/25 (28) 1.02 (0.37-2.80) 0.96 (>0.05)
512086634

T 16/107 (15) Reference 29/119 (24) Reference 20/72 (28) Reference

TG/GG  11/54 (20) 1.47 (0.61-3.58) 0.39 (>0.05) 15/44 (34) 1.38 (0.63-3.03) 0.42 (>0.05) 10/37 (27) 0.88 (0.35-2.19) 0.78 (>0.05)
134844488

AA 27/152 (18) Reference 43/157 (27) Reference 28/102 (27) Reference

AG/IGG 0/9 (0) NA 1/6 (17) 0.44 (0.05-4.27) 0.48 (>0.05) 2/7 (29) 0.90 (0.16-5.09) 0.91 (>0.05)
15846906

cc 18/117 (15) Reference 24/117 (21) Reference 17/79 (22) Reference

ciaT 9/44 (20) 1.59 (0.62-4.09) 0.34 (>0.05) 20/46 (43) 3.31 (1.53-7.18) 0.002 (0.014) 13/30 (43) 3.17 (1.25-8.06) 0.02 (>0.05)
Odds ratios (OR) and P-values were adjusted for age and sex.
P-values that ived Bonfi i ion are p d in bold.
The NCEP ATP Il panel defined bolic synd as the p! of three or more of the following risk d (a) d waist ci fi (>102 cm for
men, >88cm for ); (b) d triglycerides (=150 mg/dl) or treatment with hypolipidemic agents; (c) low HDL cholesterol (<40 mg/dl in men, <50 mg/d| in
women); (d) hypertension (>130/ > 85 mmHg) or with antihyp: ive; and (e) impaired fasting gl (2110 mg/dl) or treatment with antidiabetics.

children (#=534) [28]. The results on obesity are incon-
sistent with our results in which carriers of the /537535/9-A
allele showed a protective effect against obesity and was
associated with lower blood pressure. In addition, unlike our
results, other SNPs within the HSD//B1 gene such as
896910, 154844488, and 846906 were not associated with
obesity in the former study [28]. This discrepancy could be
explained by the fact that the former study was carried out in
healthy children, whereas ours included mostly adult psy-
chiatric patients treated with potential weight gain-inducing
drugs. HSD11B1 rs4844488 was analyzed in few studices, and
no significant association was found between this SNP and
BMI and/or MetS components [25,28,50]. Finally, in our
study, HSDIIBI rs846906C> 1 was the only SNP asso-
ciated with increased WC, triglycerides and decreased
HDL-C, and exclusively in men. In additon, the
138469060 > T was associated with an increased risk of MetS
at 3 months of follow-up. Only a few publications have
analyzed this intronic SNP and no association was found
with the tested phenotypes [25,28,51,52].

In the present study, three #SD71B81 SNPs were asso-
ciated strongly with BMI and MetS components in the
subgroup of psychiatric women taking psychotropic
drugs. The adipose tissue is a well-known source of
estrogen production through aromatization of androgens
[53,54]. A dirccr relationship between aromatase activity
and body weight was also proposed [55,56]. In addition, a
dual relationship in the production of estrogen and cor-
tisol in the adipose tissue was suggested [56], in which

estrogen may increase cortisone to cortisol conversion
mediated by 11-HSD1 and cortisol may increase aro-
matase activity, producing more estrogen in the tissues
|57]. However, we cannot explain the findings between
75846906C > T and lipid traits and WC in men.

The association between HSD77B1 SNPs and BMI was
mainly observed in the main psychiatric study and was
only partially observed in the replication samples. The
main psychiatric sample has a shorter treatment duration,
includes relatively newly treated patients, and has lower
initial BMI compared with the replication samples, which
have a longer treatment duration and a longer history of
psychiatric  disorder (Table 1). Interestingly, when
investigating specifically the subgroup of newly diag-
nosed patients with psychiatric illness at the same year of
study inclusion and started psychotropic treatment within
the first year following the first psychiatric diagnosis, a
stronger association was observed between HSDIIB1
SNPs and BMI or MetS components during the follow-
up, suggesting a role of HSD7//B1 SNPs ecarly in the
psychiatric disorder and/or during the psvchotropic
medication. The effect of these SNPs might disappear
after years of psychiatric illness and/or treatment with
psychotropic drugs, with the majority of patients being
overweight or obese.

In the present paper, we observed a significant association
between the HSD11B7 SNPs and BMI or MetS compo-
nents in the clinical, but not in the population-basced
samples. Previous data suggest a role of glucocorticoids
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and the hypothalamic—pituitary—adrenal (HPA) axis in the
development of psychosis andfor depression. Animal
studies showed an influence of 118-HSD1 on the reg-
ulation of the HPA axis [58,59]. In humans, 118-HSD1
was found to be expressed in the hypothalamus, sug-
gesting not only a role in the modulation of glucocorti-
coids feedback of the HPA axis but also a possible
regulatory effect on merabolism and apperite [60]. In
addition, HSD11B1I rs11119328 SNP was found to be
associated with increased susceptibility to depression and
with increased late-night cortisol levels and in post-
menopausal women with higher androstenedione levels
[52]. Altogether, these data suggest a possible role of the
118-HSD1 in the development of psychiatric disorders.
Given the low proportion of patients with severe psy-
chiatric disorders and psychotropic medication in the
community, the discrepant results according to  the
recruitment  source suggest that the effect of the
HSD11B1 gene on BMI and MetS is restricted to severe
psychiatric disorders andfor patients treated with AP or
MS. This hypothesis is in line with our recent study
showing a stronger association between polymorphisms
within the AMP-regulated  transcriptional coactivator 1
(CRTCT) gene and obesity markers (BMI and fat mass) in
psychiatry compared with population-based samples,
cven though the former sample size is much smaller than
the lawer [32]. The CRTCI genetic polymorphism
explains up to 9% of BMI variance in young psychiatric
women [32]. Another example is the far mass and obesity
associated (F'10) gene in which polymorphisms within this
gene showed significant associations with obesity in two
cohorts of depressive patients, but not in healthy controls
[61]). SNPs in the melanocortin 4 recepror (MC4R) gene were
also associated significantly with weight gain in four
independent small psychiatric  populations [11] and
showed a small effect in the population-based samples
[8]. Altogether, these data suggest that psychiatric dis-
orders and/or psychotropic treatments seem to unravel the
importance of selected genes involved in obesity and the
effect of these polymorphisms could be observed even in
small psychiatric sample  sizes compared with the
population-based samples.

Several limitations of this study need to be acknowl-
edged. Hormonal measurements were not available for
our samples; thus, the interaction berween estrogen and
HSD11B1 variants could not be explored. This study was
restricted to patients of White origin and the results
cannot be generalized to other ethnie groups. Finally, our
gene expression analysis did not show a functional
activity of the two SNPs and further studies, in particular,
with adipocytes and/or peripheral blood mononuclear
cells from psychiatric patients, are needed to elucidate
the biochemical mechanisms underlying the associations
observed.

In conclusion, this is the first pharmacogenetic study
relating genetic polymorphisms within #SD//B1 and

BMI and/or MectS and its components in psychiatric
patients. Previous studies failed to associate HSD/1B1
SNPs with BMI and/or WC in different population-based
samples and showed many conflicting results for the
other MetS traits. In the present psychiatric sample
treated with potential weight gain-inducing psychotropic
drugs, HSD11/B1 SNPs were significantly associated with
BMI and metabolic traits, especially in women and in
newly drug-treated patients. In addition, in several very
large population-based samples, we could not show an
impact of HSD/7B1 SNPs on BMI and MetS traits,
showing that these SNPs do not play an important role in
the general population. Further studies are needed to
determine the mechanism by which #SD7/B7 SNPs
influence obesity and other metabolic disturbances in
psvchiatric patients treated with psychotropic drugs.
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Abstract: Weight gain is a major health problem among psychiatric
populations. It implicates several receptors and hormones involved in en-
ergy balance and metabolism. Phosphoenolpyruvate carboxykinase 1 is a

metabolic-related traits, especially in psychiatric populations and in women
younger than 45 years.
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pharmacog

rate-controlling enzyme involved in gluconeogenesis, gly 2

and cataplerosis and has been related to obesity and diabetes phenotypes
in animals and humans, The aim of this study was to investigate the
association of phosphoenolpyruvate carboxykinase 1 polymorphisms with
metabolic traits in psychiatric patients lma!cd with pcycholroplc drugs in-
ducing weight gain and in g | poy ples. One poly I
(rs11552145G > A) slynlu.anlly ammlud with body mass index in the
psychiatric discovery sample (n = 478) was replicated in 2 other psychiatric
samples (n; = 168, n, = 188), with AA-genotype carriers having lower body
mass index as compared to G-allele carriers. Stronger associations were
found among women younger than 45 years carrying A4-genotype as com-
pared to G-allele carriers (~2.25 kg/m®, n = 151, P = 0.009) and in the dis-
covery sample (—2.20 kg/m?, n =423, P=0.0004). In the discovery sample
for which metabolic pa were available, 44-genotype showed lower
waist circumference (~6.86 cm, P = 0.008) and triglycerides levels
(—5.58 mg/100 mL, P<0.002) when compared to G-allele carriers. Finally,
waist-to-hip ratio was associated with rs6070157 (proxy of rs11552145,
= 0.99) in a population-based sample (N = 123,865, P = 0.022). Our re-
sults suggest an association of rs//552/45G > A polymorphism with
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Wcighl gain is a known side effect of psychotropic drugs,
such as antipsychotics, mood stabilizers, and antidepres-
sants.' Psychotropic-induced weight gain can lead to many meta-
bolic complications (eg, increase in triglycerides [TG], cholesterol
[CHOLY], waist circumference [WC]) and is related to comorbi-
dities, such as diabetes, hypertension, and other cardiovascular
discases.” Psychiatric populations have a 10- to 25-year reduction
in life expectancy due to comorbidities and to the psychiatric
illness itself, corresponding to a 2- to 3-fold mt.re.ls«.d mortal-
ity rate when compared to healthy populations.® Obesity is attrib-
uted to the psychiatric illness, to behavioral and environmental
factors (ie, diet, exercise, smoking), as well as genetic factors.”
Besides, an interaction between genetic factors and psychotro-
pic drug-inducing weight gain has been described implicating
several receptors (eg, serotonin and dopamine receptors) and
hormones (eg, leptin) involved in energy balance or metabolism
pathways.*¢

The I’hmphoenulpw uvate carboxykinase (I’C K) gene codes
for an enzyme involved in the gluconeogeneﬁn and is found in
2 forms, PCK1 (cytosolic) and PCK2 (mitochondrial). Both en-
zymes are expressed cqually in the liver but their expression may
vary depending on the tissue.”® The PCK catalyzes the conversion
from oxalacetate into phosphocnolpyruvate (a m(e—cuntrolling
step of gluconcogcncsns) and is also involved in glyceronco-
genesis and cataplerosis.” Of note, PCK is a downstream gene
of the CRE B-regulaled transcription coactivator | (CRTCI)
which is implicated in hypothalamic control of food intake,”'”
and we recently found in general and psychiatric populations that
carriers of a variant allele of a CRTC/ polymorphism appear to be
protected against weight gain especially in women younger than
45 years."!

Rodents who overexpress PCK/ and PCK2 were obese,
hyperglycemic, and insulin-resistant,'*'* whereas mice that un-
derexpress PCK1 and PCK2 developed a lipodistrophy type of
metabolic syndrome.' This is in line with the positive correlation
found between PCK1 mRNA expression levels and body mass in-
dex (BMI), body fat percentage, TG, and CHOL levels in subcu-
tancous adipose tissue of nonmenopausal women.'* In humans,
regions near PCK/ locus have been related to obesity or fat
mass,'!” and several positive associations have been reported
between PCK/ polymorphisms and type 2 diabetes mellitus
(TZDM)"‘ 2% although these results could not always be repli-

cated.?! Other studies conducted in the general population showed
no significant association between PCK/ polymorphisms and
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BMI, WC or physical activity.>> A case-control study in a diabe-
tic versus non diabetic population also found that nondiabetic
homozygous for the minor allele of a PCKI polymorphism
(+4824 T = C) had increased levels of high-density lipoproteins
(HDL) and lower TG levels when compared to wild type.* Thus,
growing evidence supports that PCK contributes to obesity and
metabolic syndrome in the general population but, to our knowl-
edge, no studies have yet been conducted in psychiatric popula-
tions which are at high risk for developing obesity and metabolic
syndrome. The aim of the present study was to analyze whether
PCK1 polymorphisms were associated with BMI and other meta-
bolic traits (ie, WC, blood glucose levels [BGL], low-density lipo-
protein [LDL], HDL, CHOL, and TG in 3 independent psychiatric
populations treated with drugs inducing weight gain and in 3 large
general population cohorts. As a secondary aim, we wanted to ex-
plore how PCK! and CRTCI polymorphisms are associated with
BMI in a combined analysis.

MATERIALS AND METHODS

Psychiatric Sample Description

The first psychiatric sample (discovery sample) was recruited
during a longitudinal follow-up study on metabolic syndrome at the
Lausanne Psychiatric University Hospital (started in 2007, ongoing).
Four hundred seventy-eight white patients switching or starting
a treatment with drugs known to potentially induce weight gain
(aripiprazole, amisulpride, clozapine, olanzapine, quetiapine, ris-
peridone, mirtazapine, lithium, and/or valproate) were included.
Weight, height, and other clinical variables were reported at base-
lincand at 1, 2, 3. 6, 9. and 12 months after starting the treatment
according to published monitoring guidelines of weight and met-
abolic syndrome parameters.>* Most patients had already received
other psychotropic treatment before the current treatment. Fasting
BGL and lipid levels (ie, CHOL, TG, LDL, HDL) were analyzed
on a routine basis on blood samples using a Modular P appara-
tus (Roche Diagnostics, Switzerland). For patients for whom drug
plasma determinations were available, we conducted preliminary
analysis on the influence of compliance on the observed associa-
tions. For this purpose, we defined an arbitrary threshold at 10%
of the minimal therapeutic drug plasma concentration™ (ie, 2,
35,10, 2, 15, 10, 2 ng/mL, 0.05 mmol/L, 5 mg/L for olanzapine,
clozapine, quetiapine, risperidone + hydroxy-risperidone, ari-
piprazole, amisulpride, paliperidone, lithium, and valproate) to
ensure psychotropic drug intake. Similar results to those de-
scribed in the present article were obtained (data not shown).
Thus, to increase the power of the study, the whole cohort was
used for statistical analysis. Two other psychiatric samples were
used as replication samples. A retrospective study (replication
sample 1) was conducted in an outpatient setting in Geneva Uni-
versity Hospital in 2007. One hundred sixty-cight white patients
treated for at least 3 months with olanzapine, clozapine, que-
tiapine, risperidone, lithium, and/or valproate were recruited. An-
other retrospective outpatient study in Lausanne, replication
sample 2 (started in 2010, ongoing) included 188 white patients
mostly treated for more than 1 year with aripiprazole, amisulpride,
clozapine, olanzapine, quetiapine, risperidone, mirtazapine, lith-
ium, and/or valproate. For both replication samples, question-
naires were filled during one of the patient routine follow-ups
and weight, height, WC, and treatment duration were reported
among other clinical variables. Weight before starting psychotro-
pic treatment was self-reported or extracted from medical files. As
shown previously,'" self-reported weight was found to be a reli-
able estimate of the measured weight extracted from medical files.

© 2015 Wolters Kluwer Health, Inc. Al rights reserved.

In all samples, patients with previous treatments were in-
cluded after having switched medication. The latest introduced
psychotropic medication was considered as the main psychotropic
treatment. Weight (patients with light clothes and without shoes)
was measured in kilograms to the nearest kg. Height was mea-
sured using a height gauge to the nearest cm. The WC was mea-
sured to the nearest centimeter. The BMI for all individuals was
obtained by dividing weight (in kg) by squared height (in m?).

Written informed consent was provided by all individuals
or by their legal representatives, and the studies were approved
by the ethics committee of the corresponding centers. Further
details of the 3 psychiatric cohorts have already been described
elsewhere.'"?® Of note, the present study refers to the same 3 psy-
chiatric populations than in our previous article,'" but with a lar-
ger number of patients included in the discovery cohort and in
the replication sample 2 (inclusions ongoing).

Population-Based Samples

Significant results were tested for replication in 3 population
based samples: participants in CoLaus (n = 5338) were recruited
between June 2003 and May 2006 in the Lausanne arca as de-
scribed previously.”” The Genetic Investigation of Anthropo-
metric Traits Consortium (GIANT) performed a meta-analysis
of genomewide association study data with a discovery set of
123,865 individuals of European ancestry from 46 studies for
height,”® BMI,* and waist-to-hip ratio (WHR).?? Finally, the sec-
ond set of association summary statistics for general populations
(Global Lipids Genetics Consortium) was downloaded from
“Genome Wide Associations Scans for Total Cholesterol,
HDL-C, LDL-C and triglycerides” website” and contains data
related to lipid traits (n = 100,184). Of note, CoLaus is part of
both GIANT and Global Lipids Genetics Consortium.

SNP Selection and Genotyping

In a first step, the best replicated and studied PCK/ polymor-
phism in the literature (ie, #s2071023) was manually genotyped
using TagMan allelic discrimination assay (ABI PRISM 7000
Sequence Detection System; Applied Biosystems, Rotkreuz,
Switzerland, TagMan SNP genotyping assays ID: C 2508731 1).
Additionally, 3 SNPS which were available in the Cardio-
MetaboChip were also considered for analysis (ie, rs//552145,
rs707555, and rs8123020). The CardioMetaboChip is a custom
Illumina iSelect genotyping array designed to test DNA variation
of 200,000 SNPs from regions identified by large scale meta-
analyses of genomewide association studies (GWAS) for metabolic
and cardiovascular traits. Quality control excluded samples from
the analysis if sex was inconsistent with genetic data from
X-linked markers, genotype call rate less than 0.96, Gene Call score
less than 0.15. GenomeStudio Data Analysis Software was used to
export results generated by Illumina CardioMetaboChip. In total,
4 SNPs were considered for analyses with minor allele frequency
(MAF) higher than 0.10 (Supplementary Table S-1, Supplemental
Digital Content 1, http:/links.lww.com/JCP/A313). All of them
were in Hardy Weinberg Equilibrium (Supplementary Table S-2,
Supplemental Digital Content 2, http:/links.lww.com/JCP/A314).
Finally, looking at HapMap Genome Browser (release 27,
MAF > 0.10, cutoff of r* set at 0.8)."' we found that several
PCK1 tagging SNPs were in linkage disequilibrium with our four
selected SNPs (see details in Supplementary Figure S-1, Supple-
mental Digital Content 3, http:/links.lww.com/JCP/A315).

DNA was extracted from blood samples as described by the
manufacturer's protocol using Flexigene DNA kit and QlAamp
DNA Blood Mini QIAcube Kit (Qiagen AG, Switzerland) for 834
Caucasian patients from the three psychiatric cohorts. Genotyping
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of the rs37462664 > G SNP from CRTC! was performed using
TaqMan allelic discrimination assay (ABI PRISM 7000 Sequence
Detection System; Applied Biosystems) and according to the man-
ufacturer's protocol as described elsewhere.'" Genotyping of the
CoLaus subjects was performed using the Affymetrix GeneChip
Human Mapping 500 K array set as previously described.?”

Variables of the Study

The main outcome analyzed in the three psychiatric samples
was the BMI (kg/m?) used as a continuous variable. Other out-
comes studied were WC (em), LDL, HDL, TG, CHOL and BGL
(mg/100 mL). PCK [ genotypes were grouped and analyzed in re-
cessive (forrs71552145, rs707555 and rs&8123020) and dominant
(for »s2071023) models according to their association with BMI
showed in preliminary analyses. Other covariates were extracted
from medical files or during the interview and included demo-
graphic data (ie, sex, age, and ethnicity) as well as history of treat-
ment (type of psychotropic drug and treatment duration). To
preserve homogeneity of the samples, only patients treated up to
24 months were taken into account in combined (ie, discovery
plus replication) psychiatric sample analyses.

Statistical Analysis

Psychiatric Samples

Hardy Weinberg Equilibrium was determined for each po-
lymorphism by a x~ test. Statistical analyses were done using
STATA 12.1 (StataCorp, College Station TX) and R version
2.11.1 software.** P values less than 0.05 were considered as sta-
tistically significant, and when necessary, Bonferroni correction
for multiple tests was applied. Eventually, differences in sample
size might be due to missing genotypes and/or covariates. First,
exploratory analyses were conducted to explore differences in
BMI between genetic groups in the 3 psychiatric samples using
Mann-Whitney U nonparametric test. To fit a longitudinal model
on the BMI trend, due to complex and nonlinear BMI evolution in
time and presence of multiple observations per individual which
introduces interdependence among observations, a Generalized
Additive Mixed Model was used to assess the association of
genetic polymorphism with BMI adjusted by sex, age, treatment
and treatment duration. This allowed a smooth trend for the re-
sponse in time based on multiple observations for each patient
(using a thin plate regression spline basis). A random effect at
the subject level was also introduced to take the dependence struc-
ture of observed data into account.*® The Generalized Additive
Mixed Models were fitted using the mgev package of R (settings
were fixed at package defaults). To be more conservative, the un-
certainty of estimated parameters was assessed by 1000 bootstraps
on individuals. For those P values lower than 0.001, 10,000 boot-
straps were performed whenever possible. Multivariate analysis
used the same methodology as previously described for the up-
stream CRTCI gene:'" It was first conducted in the discovery
sample, and the significant results were tested for replication in
the 2 replication samples. In fitted longitudinal models, stratifica-
tion by sex, and in some cases by age, was applied when analyzing
all samples together. Also, analyses on WC and on other meta-
bolic traits (ie, BGL and lipid levels) were conducted in the dis-
covery sample (data available only in this sample) and only for
rs11552145 and rs2071023 polymorphisms. Because of some
missing data and the relatively low number of variant alleles of
rs707555 and rs8123020, analysis could not be conducted for
these polymorphisms. Finally, it should be mentioned that pre-
liminary analysis on PCK/ haplotypes and BMI for the 3 SNPs
that formed a haplotype block (ie, rs11552145, rs707555 and
rs8123020) showed no significant results (results not shown).
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Population-Based Samples

Significant results from PCK/ polymorphisms in the dis-
covery sample (ie, 756070157, proxy of rsl1552145; © = 0.99
and rs2071023) were further tested for replication in the three
population samples (CoLaus, GIANT, and Global Lipids Genetics
Consortium).

The associations of PCK/ polymorphisms with adiposity
markers, such as BMI, WC, fat mass, and lipid factors, were ana-
lyzed using multiple linear regression with additive model in which
potential confounding factors, such as age, sex, and smoking sta-
tus, were added as covariates in the CoLaus study. For anthropo-
metric traits (BMI, WHR), we performed lookups from the
summary statistics of the GIANT consortium. For lipid traits (ie,
TG, HDL, CHOL), we looked up association results from the
Global Lipid Consortium.*”

RESULTS

Supplementary Table S-3, Supplemental Digital Content 4,
http://links.lww.com/JCP/A316 shows the characteristics of the
3 psychiatric samples. The discovery sample included patients
with the shortest treatment duration (median of 6 months versus
27.4 and 36 months in the replications 1 and 2, respectively,
P =0.0001), as well as the lowest BMI (current median BMI of
25 versus 28 and 27 kg/m? for replications 1 and 2, respectively,
P=0.0001) and the lowest prevalence of obesity (BMI = 30 kg/m®)
(18% versus 40% and 27%, respectively, 7 < 0.001).

Association of PCK1 Polymorphisms With BMI in
Psychiatric Populations

Supplementary Table S-2, Supplemental Digital Content 2,
http:/links.lww.com/JCP/A314 shows PCK! genotype distribu-
tion among the 3 psychiatric samples. No significant associations
were found between PCK/ polymorphisms and baseline BMI when
exploratory analyses were conducted (Supplementary Table S-4,
Supplemental Digital Content 5, http:/links.lww.com/JCP/A317).
However, a trend and a significant association were found between
rs11552145 and rs2071023 and current BMI (BMI at the last
follow-up assessment) in the discovery (P-corrected 0.08 and
0.018, respectively) and in the combined sample (P-corrected 0.01
and 0.003, respectively). Figure 1 shows the association of PCK1
rs11552145 polymorphism with BML

Multivariate analyses were first conducted in the discovery
sample for the 4 SNPs (Table 1). Carriers of rs/1552145-AA4 ge-
notype had, on average, 2.20 lower BMI units when compared
to carriers of G-allele (P = 0.0004). Similar results were found
for rs2071023-CC genotype which had 1.27 lower BMI units
when compared to G-allele carriers (P = 0.004). Significant re-
sults were replicated for #s/7552745 and BMI when combining
the 2 replication samples. A4 carriers had 1.42 lower BMI units
when compared to G-allele carriers (P = 0.009). When combining
the 3 samples, similar results were found for both rs//552145 and
52071023 (estimates, —1.89 and —1.11 kg/m* and P < 0.001 and
P < 0.001, respectively). Explained variances in the combined
sample for rs/1552145 and rs2071023 were 0.65% and 0.85%,
respectively. For both rs/1552145 and rs2071023, further ana-
lyses stratified by sex and age were conducted in the 3 samples
combined. 752071023 was associated with BMI only in women,
whereas for rs//552145 an association was found in both sexes,
but a stronger association was found among women younger than
45 years, where rs11552145 AA-carriers had 2.25 lower BMI
units when compared to G-allele carriers (P value of 0.009, ex-
plained variance 0.77%). No significant results were found for
the other 2 SNPs 158123020 and rs707555.
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FIGURE 1. BMI in relation to rs11552745 G > A genotypes in the combined sample presented at different time periods of the current
psychotropic treatment. Boxplots show median values of BMI for each time of the treatment duration (solid horizontal line), 25th and 75th
percentile values (box outline), the lowest and upper value within 1.5 interquartile range (whiskers) and outlier values (open circles).

PCK1 Polymorphisms and Metabolic Parameters in
Psychiatric Populations

The association of rs/1552145 and rs2071023 with other
metabolic parameters (ie, WC, BGL, CHOL, HDL, LDL, and
TG) was analyzed in the discovery sample (Table 2). In agreement
with results on BMI, both carriers of rs/1552145-AA4 genotype
and r52071023-CC genotype had significantly lower WC (~6.86
and —3.45 cm, P values of 0.008 and 0.004, respectively). In addi-
tion, rs11552145-A4 genotype carriers had lower TG levels when
compared to G-allele carriers (-27.59 mg/100 mL, P < 0.002).

Association of CRTCT and PCK1 with BMI

Since PCK/ is a downstream gene of CRTC/, we wanted to
further analyze the association of both CRTCI rs37462664 > G
previously associated with BMI'' and PCK1 rs11552145G > A
with BMI over treatment duration (Fig. 2). In the combined anal-
ysis, CRTCI G-allele and PCK1 AA genotype were pooled to-
gether since carriers of these alleles showed lower BMI units
when compared to others when analyzed individually. Thus, in
the multivariate analysis adjusted by age, sex, treatment, and treat-
ment duration (n = 610), those carriers of A4 genotype for
CRTCI and PCK] or carriers of G-allele of CRTCI and PCK1
had 0.79 less units of BMI when compared to the reference group
(P =0.009). Similarly, carriers of PCK1 AA genotype and CRTC/
G-allele had 2.43 less units of BMI compared to the reference
group (P <0.001).

Functional Relevance of PCK1 Polymorphisms

We explored further the functional relevance of PCK/ poly-
morphisms. For 1571552145 and rs7075535, the 2 variants in cod-
ing regions, PolyPhen-2** predicted both mutations to be bcnign.
Further analysis on gene expression platform (GTEX portal*®)
showed significant differences in r5//552745 expression in sub-
cutancous adipose tissue with homozygous carriers of the variant

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

allele having lower expression (P = 0.03). No differences were
found for rs707553, rs8123020 or rs2071023.

PCK1 Polymorphisms in Population-Based Samples

The association of rs6070157 (proxy of rs/1552145,
= 0.97) and 52071023 with BMI and other metabolic features
was further analyzed for replication in 3 population-based sam-
ples (GIANT, CoLaus, and Global Lipids Genetics Consortium).
Significant associations were found between the 2 PCK/ poly-
morphisms and the WHR in the GIANT cohort (N = 123,865)
for women and for both sexes combined. In addition, significant
associations were found for »5207/023 with HDL and TGL in
the Global Lipids Genetics Consortium (N = 100,184; P values
0f 0.003 and 0.03, respectively) (Table 3).

DISCUSSION

Growing evidence supports that PCK can contribute to
obesity and metabolic syndrome both in animal models and in
the general population.'” '*'%'7 The main results from this study
suggest that carriers of PCKI rs11552145-AA genotype have
lower BMI when compared to G-allele carriers in psychiatric pa-
tients treated with weight gain inducing drugs, this association be-
ing found in the discovery sample and in the replication samples
analyzed together. Moreover, low WC and TG levels were associ-
ated with r5/1552145-AA in the discovery sample, and low BMI
and WC were found as well for rs2071023-CC genotype. To our
knowledge, this is the first study carried out in psychiatric patients
and the first one to find a positive association between PCK/
polymorphisms and BMI.

In addition, as a proof of concept, a positive association was
found in the general population (GIANT cohort) with WHR and
rs6070157 (proxy of rs11552145, v = 0.99) and rs2071023,
again suggesting an association of the polymorphisms with
obesity traits, although the value was much weaker than in
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TABLE 2. Association of PCKT Polymorphisms With Other Metabolic Phenotypes in the Discovery Sample

rs11552145 n Difference Between AA and G-allele Carriers (95% CI) P E.var (%)
WC, cm 408 ~6.86 (~11.07 to (-)2.59) 0.008 1.04
HDL," mg/100 mL 305 5.85 (—1.95 to 14.04) 0.13
TG, mg/100 mL 305 =27.59 (-39.16 to (—)14.24) <0.002 0.90
LDL," mg/100 mL 299 ~10.14 (-19.89 t0 2.34) 0.12
CHOL," mg/100 mL 307 =10.53 (-28.08 t0 8.19) 0.28
BGL." mg/100 mL 289 ~3.6 (-8.28 10 0.36) 0.09
rs2071023 n Difference between CC and G-allele carriers (95% CI) P* E.var (%)
WC, cm 409 ~3.45(-5.74 t0 —1.18) 0.004 1.14
HDL," mg/100 mL 305 1.95 (-0.39 10 4.29) 0.12
TG," mg/100 mL 305 ~8.01 (-19.58 to 3.56) 0.64
LDL," mg/100 mL 299 =234 (-10.14 10 5.07) 0.54
CHOL," mg/100 mL 307 =3.12(-11.7105.07) 032
BGL," mg/100 mL 289 2.52(-2.1610 5.94) 042

o 2 cted value for di ry sampl

"Fasting patients

E. var (%): explained variance by the poly

phism (%) calculated only for significant tests.

Adjusted by: BMI, age, sex, treatment (antipsychotic or mood stabilizer) and treatment duration. Bootstrap at 1000. Values in bold are significant.

psychiatric samples and being of no clinical significance in the
general population. This goes in the same line of what we found
in previous results,'" because psychiatric populations are at high
risk of obesity and/or metabolic syndrome. PCK1 function has
been previously associated in animal models with glucose and
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lipid homeostasis and also with weight gain.*® In humans, the
main investigated polymorphism is the -232C/G (rs2071023)
which is located in the promoter region of PCK/. This polymor-
phism has been previously associated with T2DM and gestatio-
nal diabetes mellitus but with conflicting results in different

FIGURE 2. Association of PCK1 rs11552145 and CRTCI rs3746266 genotypes with BMI over the time in all samples. * Reference group.
Boxplots show median values of BMI for each time of the treatment duration (solid horizontal line), 25th and 75th percentile values
(box outline), the lowest and upper value within 1.5 interquartile range (whiskers) and outlier values (open circles).
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TABLE 3. Association of PCK7 Polymorphisms With Metabolic Traits in Population-Based Samples

Global Lipids Genetics

CoLaus (n = 5338) GIANT (n = 123,865) Consortium (n = 100,184)

rs6070157 (proxy of rsl 1552145, r* = 0.99) B (SE) P £ (SE) P B (SE) P
Anthropometric traits
BMI, kg/m? =0.0016 (0.0258)  0.95 0.0025 (0.0053)  0.63 N.A. NA.
WC, em ~0.0026 (0.0258) 092 N.A. N.A. NA. N.A.
WHR -0.0123 (0.0258) 063  —-0.0163 (0.0071)  0.02 N.A. N.A.
Men 0.0086 (0.038) 0.82 0.0151 (0.0096)  0.11 N.A. N.A.
Women ~0.0308 (0.035) 039 -0.0202 (0.0089)  0.02 N.A. N.A.
Lipids
HDL, mg/100 mL 0.38 (0.37) 0.30 N.A. N.A. 0.16 (0.12) 0.20
CHOL, mg/100 mL -0.14 (1.02) 0.89 N.A. N.A. 0.05(0.12) 0.69
TG, mg/100 mL -3.25(2.57) 0.21 N.A. NA. ~0.10 (-0.28) 0.73
LDL, mg/100 mL =0.41 (0.90) 0.65 NA. NA. NA. NA.
BGL, mg/100 mL 0.85 (0.55) 0.12 NA. NA. ~0.06 (-0.08) 0.50
2071023 B (SE) f B (SE) P B (SE) ?
Anthropometric traits
BMI, kg/m2 ~0.0196 (0.0198) 032 ~0.0028 (0.0043) 02 vN.A. N.A.
WC, em =0.0087 (0.0198)  0.66 N.A. N.A. N.A. NA.
WHR 0.0026 (0.0198) 090  —0.0195 (0.0057)  0.001 N.A. N.A.
Men -0.0145 (0.029) 0.61 -0.0013 (0.0077)  0.87 N.A. N.A.
Women 0.0184 (0.028) 050 -0.0154(0.0071)  0.03 N.A. N.A.
Lipids
HDL, mg/100 mL -0.54 (0.28) 0.06 N.A. N.A. 0.28 (0.12) 0.003
CHOL, mg/100 mL -0.99 (0.78) 0.20 NA. NA. 0.078 (0.12) 0.54
TG, mg/100 mL 111 (1.98) 0.57 NA. NA. ~0.61 (-0.28) 0,03
LDL, mg/100 mL ~0.58 (0.69) 0.41 N.A. N.A. N.A. N.A.
BGL, mg/100 mL —0.35(0.42) 041 N.A. N.A. -0.09 (-0.07) 0.16

N.A. indicates data not available. Values in bold are significant.

ethnicities. Positive associations were found among South Asian
and Japanese populations®™*” concluding that carriers of the
minor allele (GG) were at risk of developing T2DM, whereas
no significant ﬁndin‘gs were found in German or Danish Cauca-
sian populations.'™?" Finally, a case series study conducted in 3
Maltese women found that those who developed gestational di-
abetes mellitus carried the homozygous variant allele, but these re-
sults must be replicated in larger cohorts.*® In the present study, no
association was found between 52071023 and BGL, although the
diabetes phenotype was not assessed. Additionally, and consistent
with our results, another PCK/ polymorphism (rs707555) showed
no significant association with anthropometric traits such as WC,
weight, and fat mass or BMI.>>*

Analyses were conducted in the combined discovery and rep-
lication samples for treatment duration up to 24 months. Different
effect sizes, detected in the discovery versus the replication sam-
ples, could be explained by lower prevalence of obesity at base-
line and shorter treatment durations in the discovery sample
(Supplementary Table S-3, Supplemental Digital Content 4,
http://links.lww.com/JCP/A316), because both baseline BMI and
treatment duration are moderators of weight gain.*” However, to
exclude a winner’s curse event, these results need to be replicated
in other short treatment duration samples.

Of note, in the present study as in previous genetic studies,
genetically explained variances of BMI are quite low, sugges-
ting that BMI and metabolic features are influenced l':y multiple
genetic factors as previously described in the literature.” However,

550 | www.psychopharmacology.com

in the present study, rs//552/45 was strongly associated with
BMI in the subgroup of women younger than 45 years, and the
observed difference in BMI between genotypes is of clinical sig-
nificance. This result is in agreement with our previous study
showing that the association between a polymorphism of CRTC/
(an upstream gene of PCK/) and BMI was higher in women
younger than 45 years as compared to nongender stratified sam-
ple.'” In addition, a positive correlation was found between
PCK1 mRNA expression levels and BMI in a study conducted
with nonmenopausal women.'* Other pharmacogenetic studies
also highlighted the importance of stratifying by sex.*'** This
finding could be tentatively explained by the influence of estro-
gen circulating levels on energy balance.* Thus, a lack of estrogen
in mice was related to obesity, decreasing fasting BGL, activating
adenosine monophosphate protein kinase (AMPK), and reducin;
the expression of gluconeogenic genes, such as PCK in the liver.***
However, this hypothesis could not be tested in our samples because
estrogen circulating levels were not measured.

To assess the contribution of PCK/] and CRTC] polymor-
phisms on BMI, analyses combining both SNPs were conducted.
An additive association with BMI was observed over treatment
duration among carriers of CRTCI rs3746266 G-allele and
PCK1 rsl1552145 AA genotype which had lower BMI when
compared to the reference group. As described elsewhere.*® PCK
family genes contain in their promoter region a CREB-regulated
element binding site where CRTCI binds, enhancing PCK
expression. In the present study. the strongest associations

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

- 286 -



Journal of Clinical Psychopharmacology « Volume 35, Number 5, October 2015

Psychotropic Treatments and PCK1 Polymorphisms

were found among psychiatric population under psychotropic
treatment which could be explained by the additive effect between
PCK1 and CRTCI genes and psychotropic drugs. In particular,
CRTCI is modulated, among other mechanisms, by AMPK which
is increased by antipsychotics.*” Besides. several polymorphisms
on the AMPK gene, showed an association with weight gain in-
duced by antipsychotics.*® AMPK has also been related to glu-
concogenesis modulation.*” Another study conducted in rats
showed that olanzapine increased the mRNA levels of glucose-
6-phosphatase in the liver.'” Although little is known about
PCK family genes and psychotropic drugs, PCK expression is
inhibited by lithium in isolated hepatocytes from fasted rats.>”
In addition, chronic clozapine administration upregulates PCK
expression in rat liver®' Therefore, several genes coding for
enzymes implicated in the gluconeogenic pathway have been
associated with antipsychotics.

Finally, in our sample, higher associations were found among
psychiatric patients rather than in general population possibly
explained by the high prevalence of overweight or obesity in psy-
chiatric patients induced by the illness, the lifestyle (diet, physi-
cal activity), in addition to the direct effect of drug inducing
weight gain.

Some limitations of the present study must be mentioned.
First, patients were not drug naive, therefore, we could not assess
whether the association between the polymorphisms and BMI or
other phenotypes was influenced by the psychiatric illness itself
and/or by the psychotropic treatment. Second, although the main
inclusion criteria for patients in the present study was that they
were receiving psychotropic drugs known to induce weight gain
(ie, aripiprazole, amisulpride, clozapine, olanzapine, quetiapine,
risperidone, mirtazapine, lithium, and/or valproate), other drugs
possibly inducing weight (psychotropic and/or somatic drugs)
were prescribed, the influence of which could not be evaluated.
This study was conducted in whites, thus results cannot be extrap-
olated to other ethnicities. Not all tagging SNPs could be tested
due to limited availability of the genotypes. In addition, no signif-
icant associations with BMI were found for the 2 other tested
SNPs (rs707555 and rs8123020), cither because of a lack of ef-
fect or a lack of power due to the low MAFE. Further replications
of this study should increase sample size to test low MAF poly-
morphisms and to increase the coverage of PCK/ gene by includ-
ing other tagging SNPs. Finally, variants obtained through GWAS
should be also considered in further analysis, in particular those
on gluconeogenic pathway. It has thus been recently shown that
PCK]1 expression is regulated by CAMKID,** a gene previously
related to diabetes in GWAS. >

In conclusion, this is the first study investigating the associ-
ation of PCK/ polymorphisms with BMI and other metabolic
traits in psychiatric populations. Higher associations were found
in psychiatric patients treated with psychotropic drugs over short
periods, and in women younger than 45 years. In addition, the pre-
sent study supports rescarch on pathway related genes, such as
CRTCI and PCK 1, which may have an additive association with
BMLI. Further studies on the same and other pathways are there-
fore warranted, to increase our knowledge on the multiple genetic
risk factors influencing obesity. lipid disturbances or metabolic
syndrome in psychiatric population. This could ultimately help,
by the determination and the combination of multiple genetic and
clinical risk factors, to better adapt pharmacological treatments
among particular populations at risk.
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ABSTRACT

Background: Psychotropic drugs can induce substantial
weight gain, particularly during the first 6 months of
treatment. The authors aimed to determine the potential
predictive power of an early weight gain after the
introduction of weight gain-inducing psychotropic drugs
on long-term weight gain.

Method: Data were obtained from a 1-year longitudinal
study ongoing since 2007 including 351 psychiatric
(ICD-10) patients, with metabolic parameters monitored
(baseline and/or 1, 3, 6, 9, 12 months) and with compliance
ascertained. International Diabetes Federation and World
Health Organization definitions were used to define
metabolic syndrome and obesity, respectively.

Results: Prevalences of metabolic syndrome and obesity
were 22% and 179%, respectively, at baseline and 32%

and 24% after 1 year. Receiver operating characteristic
analyses indicated that an early weight gain > 5% after

a period of 1 month is the best predictor for important
long-term weight gain (= 15% after 3 months: sensitivity,
67%; specificity, 88%; = 20% after 12 months: sensitivity,
47%; specificity, 89%). This analysis identified most patients
(97% for 3 months, 93% for 12 months) who had weight
gain = 5% after 1 month as continuing to have a moderate
weight gain after 3 and 12 months. Its predictive power
was confirmed by fitting a longitudinal multivariate model
(difference between groups in 1 year of 6.4% weight
increase as compared to baseline, P=.0001).

Conclusion: Following prescription of weight gain-
inducing psychotropic drugs, a 5% threshold for weight
gain after 1 month should raise clinician concerns about
weight-controlling strategies.
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high prevalence of obesity (body mass index [BMI] > 30 kg/m?,

World Health Organization definition) is reported in psychiatric
populations, reaching 49% and 55% of bipolar and schizophrenic
patients, respectively.! Obesity can lead to several metabolic
complications, such as hypertension, lipid profile perturbation, or
both, contributing to the reported 20-year shorter life expectancy in
psychiatric patients as compared to the general population.? Several
factors contribute to the high prevalence of metabolic disorders
in psychiatry, such as the illness itself as well as lifestyle factors. In
addition, antipsychotics (most atypicals but also some typicals), mood
stabilizers (eg, valproate and lithium), and some antidepressants (eg,
mirtazapine) can induce important weight gain.>*

Several factors have been shown to be associated with drug-
induced weight gain, including female gender, low baseline BMI,
young age, or nonwhite ethnicities.” A high interindividual variability
of drug-induced weight gain is observed, explained in part by genetic
variability (eg, in H, receptor, M receptor, or CRTCI gene),%”
underlining the importance of monitoring metabolic parameters.

The Consensus Development Conference on Antipsychotic Drugs
and Obesity and Diabetes guideline® considers that a weight gain
>5% during treatment should be a sign to reconsider the treatment.
However, no notion of time was defined, so that a weight gain of
5% after 1 month may be inappropriately compared to a comparable
weight gain after 1 year of treatment. A joint statement of the
European Psychiatric Association, the European Association for the
Study of Diabetes, and the European Society of Cardiology defines a
weight gain of 7% after 6 weeks of treatment as a clinically significant
weight gain.! This 7% threshold was chosen for its clinical significance
and not for its predictive value for an important weight gain during
long-term treatment. To our knowledge, 3 studies have investigated
the predictive values of an early weight gain. The first two studies”!?
found that a 2-kg increase after 1 month was a good predictor for a
10-kg increase after 6 months in patients treated for schizophrenia
with olanzapine, ziprasidone, and aripiprazole. The third study'! in
bipolar patients treated with olanzapine found that a 2-kg weight gain
after 3 weeks will predict a 7% increase after 30 weeks of treatment.
Notably, the above-mentioned studies were post hoc analyses of
clinical trials examining the effects of specific drugs, with restrictions
on the number of drugs that could be prescribed, conditions that are
not comparable to usual clinical practice. In addition, nonobservance
of the pharmacologic treatment is poor, particularly during long-term
treatment.'? In the above-mentioned studies, compliance was assessed
by patient self-declaration,"*"'* which can be overestimated. Finally,
the longest study duration was of 30 weeks, with no long-term data
(1 year).
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®  psychotropic drug-induced weight gain is associated with
high morbidity and mortality.

® Rapid detection of high risk patients is of major clinical
significance.

" Weight gain of more than 5% after 1 month of treatment
was found to be a good predictor for important long-term
weight gain.

Because of the high mortality and morbidity associated
with obesity, early detection of patients who have a higher
risk of developing an important weight gain during
psychotropic treatment is of major clinical relevance. In
the present study, we sought to determine, in a cohort
of psychiatric patients with compliance ascertained by
therapeutic drug monitoring, how weight change during
short-term treatment (1 month) could predict intermediate
(3 months) and long-term (1 year) weight evolution during
treatment with psychotropic drugs known to potentially
induce important weight gain. Self-reported increase of
appetite and modification of physical activity during the
first month after drug introduction were also examined as
possible weight gain predictors.

METHOD

Study Design

A longitudinal observational study has been ongoing
since 2007 in the Department of Psychiatry of the
Lausanne University Hospital in which inpatients starting
a pharmacologic treatment with clozapine, olanzapine,
risperidone, quetiapine, aripiprazole, amisulpride, lithium,
valproate, and/or mirtazapine are included. Baseline
clinical data were obtained during hospitalization, and
follow-up data (1, 3, 6, 9, and/or 12 months) were obtained
in the hospital or in outpatient centers during a medical
examination based on the department guideline for
metabolic follow-up performed on a routine basis.'® When
a treatment was stopped for more than 2 weeks, or if a drug
was replaced by another drug on the list, the follow-up was
restarted from baseline. In case of the introduction of a
second studied drug, the follow-up was restarted and the
last introduced drug considered as the main treatment (for
more information, see eMethods 1). If 2 or more follow-
ups were available for the same patient, only the longest one
was included in the analysis (Supplementary eFigure 1).
Diagnoses were based on the ICD-10 classification (FO0-
F09, organic disorder; F20.0-F24.9 and F28-F29, psychotic
disorders; F25.0-F25.9, schizoaffective disorder; F30.0-
F31.9, bipolar disorder; F32.0-F33.9, depression; F10-F19,
drug addiction). Anxiety, personality disorder, and mental
retardation were classified together as “others” Compliance
was evaluated by therapeutic drug monitoring (more
information in eMethods 2). The study was approved by
the ethics committee of the Lausanne University Hospital.

yrighted PDE on any wehsite,

design, no informed consent was requested.

Exploratory Statistics

Mean values were presented with their respective standard
error (SE), and significance threshold was fixed at P<.05.

To assess the predictive value of an early weight gain
during the first month of treatment on long-term weight gain
(3 and 12 months), sensitivity, specificity, positive predictive
value, and negative predictive value were calculated using
the pROC R package.!” Sensitivity was defined as the
percentage of correctly predicted high-risk patients among
all truly long-term high-risk patients. Specificity was defined
as the percentage of patients predicted as low-risk patients
among all truly low-risk patients. Positive predictive value
indicates the percentage of patients with an important long-
term weight gain and who were classified as having a high
early weight gain. Negative predictive value indicates the
percentage of patients who did not have an important long-
term weight gain and were classified as having a low early
weight gain.

Thresholds for early weight gain were examined in 1%
increments (from 2% to 8%) to find the best predictors for
long-term weight gain as defined by a minimal weight gain
of 10%, 15%, or 20% at 3 and 12 months of treatment (more
information in eMethods 3). The same analysis was made to
predict the effect of activity and appetite increase on long-
term weight gain.

Confirmatory Analysis

A linear mixed-effect model was fitted on the weight gain
percentage after separating patients into 2 groups based on
their initial weight gain after 1 month of treatment, physical
activity, and appetite increase (eMethods 4).

RESULTS

Demographics

Three hundred fifty-one patients were included (selection
criteria in Supplementary eFigure 1). Male subjects (47%)
were significantly younger (mean [SE] =39 [1.6] years) than
female subjects (51 [1.6] years, P<.001), which probably
explains the lower prevalence of obesity in men (9%) than
in women (23%, P=.003) (Supplementary eTable 1). No
significant differences in other demographic variables were
found between genders. Psychotic disorders (F20.0-F24.9
and F28-F29) were the most frequent diagnosis (41%), and
quetiapine was the most frequently prescribed psychotropic
drug (32%) (Table 1). Data were available for 313 subjects at
3 months and for 154 subjects at 12 months.

Metabolic Parameters

Twenty-one percent of patients were overweight
(BMI=25-30 kg/m?) and 17% were obese (BMI=30 kg/
m?) at baseline (Supplementary eTable 2). In patients with
1-year follow-up, prevalence of patients with normal weight
(BMI <25 kg/m?) decreased from 61% to 49% (P=.007)
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Table 1. Overall Demographic Parameters and Comparisons Betweén
Early and Nonearly Weight Gainers

FirstMonth  First Month
Weight Gain ~ Weight Gain
Demographic All(N=351) =5%(n=288) >5%(n=63) P
Age, mean (SE), y 46(1.2) 46(1.3) 43(2.6) 4
Men, n/total (%) 164/351(47) 131/288(45)  33/63(52) 3
Follow-up duration, mean (SE), d 237 (8.18) 240(859) 223(2322) .
lliness duration, mean (SE), y 8(0.6) 8(0.7) 8(1.2) 6
Smoking, n/total (%) 76/351 (22) 64/288(22) 12/63(19) o
Diagnosis, n/total (%)
Bipolar disorder 59/351(17) 51/288(18) 8/63(13) S
Depression 61/351(17) 49/288(17)  12/63(19) 7
Organic disorders 27/351(8) 24/288 (8) 3/63(5) 4
Psychotic disorders 143/351(41) 113/288(39)  30/63 (48) 3
Schizoaffective disorder 26/351(7) 22/288 (8) 4/63 (6) 9
Other 30/3511(9) 26/288(9) 4/63 (6) 6
Not available 5/351(1) 3/288(1) 2/63(3) 2
Medication, n/total (%)
Amisulpride 36/351(10) 29/288 (10) 7/63(11) 8
Aripiprazole 30/351(9) 27/288 (9) 3/63(5) 3
Clozapine 24/351(7) 22/288 (8) 2/63(3) 3
Lithium 19/351 (5) 15/288 (5) 4/63 (6) 8
Mirtazapine 11/351(3) 9/288(3) 2/63(3) 9
Olanzapine 44/351(13) 29/288(10)  15/63 (24) 006
Quetiapine 112/351 (32) 95/288(33) 17/63(27) 4
Risperidone 64/351(18) 53/288(18) 11/63(17) 9
Valproate 10/351 (3) 8/288(3) 2/63(3) 7
Prevalence of metabolic
syndrome IDF, n/total (%6)°
Baseline 35/161(22) 34/139 (25) 1/22(5) 06
After 1-y treatment 32/100(32) 21/79(27)  11/21(52) .04
Prevalence of overweight status
(BMI=25-30 kg/m?), n/total (%)
Baseline 62/294 (21) 21/237(22)  11/57(19) 8
1 Year 36/135(27) 29/114 (25) 7/2133) 4
Prevalence of obesity (BMI =30
kg/m?), n/total (%)
Baseline 49/294(17) 46/237 (19) 3/57(5) .009
1 Year 33/135 (24) 28/114 (25) 5/21 (24) 1

2P values were calculated using Wilcoxon rank sum tests for continuous variables and
Fisher exact tests for categorical variables between both groups. Values in bold are
significant,

bMetabolic syndrome was present if patients had central obesity (men, > 94 cm; women,
280 cm) and at least 2 other following factors: triglycerides = 1.7 mmol/L or lipid-
lowering treatment; glucose 2 5.6 mmol/L or type 2 diabetes treatment; blood pressure
=130/85 mm Hg or treatment for hypertension; and high-density lipoprotein cholesterol
(men, <1.03 mmol/L; women, < 1.29 mmol/L).

Abbreviations: BMI =body mass index, IDF = International Diabetes Foundation,
SE=standard error.

(Table 2). Mean BMI increase after 1 year of treatment was dependent
on age, being 2.7 kg/m? in young patients (aged <25 years), 2.2 kg/
m? in young adults (aged 25-45 years), 1.8 kg/m? in adult patients
(aged 45-65 years), and 1 kg/m? in elderly patients (aged > 65 years)
(Supplementary eTable 3). Prevalence of metabolic syndrome (MetS
[International Diabetes Federation definition]) was 22% at baseline and
32% after 1 year (Supplementary eTable 2). In patients with baseline and
1-year data, a trend for an increased prevalence during treatment was
observed (from 9% to 23%, P=.07) (Table 2). Other metabolic traits,
including their evolutions during treatment, are described in eResults 1.

Short-Term Weight Gain as Predictors
of Long-Term Weight Gain

The best early weight gain predictor (highest area under the curve
[AUC] values, integrating both sensitivity and specificity of the
predictor) was found to be a weight gain of more than 5% (Figure 1) after
1 month of treatment (mean [SE] =31 [0.4] days) for predicting a weight

Early Weight Changes During Psychotropic Treatment
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(mean [SE] =102 [2] days). This threshold had
a sensitivity of 67%, specificity of 88%, positive
predictive value of 29%, and negative predictive
value of 97%. Prevalence of a 15% weight gain
after 3 months was 7.5%. The 5% threshold was
also found to be the best predictor for a weight
gain of 20% or more after 1 year of treatment
(mean [SE]=393 [7] days; sensitivity, 47%;
specificity, 89%; positive predictive value, 30%;
negative predictive value, 93% [Supplementary
eTable 4]). A weight gain >20% was observed
in 10% of patients after 1 year. Patients who
had a weight gain > 5% at 1 month and who did
not reach a 15% weight gain at 3 months (false
positives) had still a higher weight gain than
patients with <5% weight gain (8.1% vs 2.4%,
P=.000005). However, the difference was not
significant anymore after 1 year (6.1% vs 3.9%,
P=.2). In young adults and adults combined
(age, 25-65 years), this threshold was also found
to be the best predictor for a 20% weight gain
after 3 months (sensitivity, 100%; specificity,
82%; positive predictive value, 7%; negative
predictive value, 100%) and after 12 months
(sensitivity, 55%; specificity, 83%; positive
predictive value, 30%; negative predictive value,
93%) (Supplementary eTable 5). Due to an
insufficient number of observations, no specific
threshold could be calculated in young (aged
<25 years) and elderly (aged > 65 years) subjects
or in different diagnostic and medication groups.

Using the 5% threshold, 18% of patients had
a>5% weight gain after 1 month. By integrating
the 5% threshold in a generalized additive mixed
model (Figure 2), patients with an early weight
gain > 5% had a strong and fast increase of weight
gain during the first 3 months of treatment, witha
much slower increase thereafter (Supplementary
eFigure 2). On the other hand, patients with an
carly weight gain <5% had a slower but steady
1-year weight gain. No differences of age, gender,
follow-up duration, illness duration, or diagnosis
were observed between the 2 groups. Medication
was similar between the 2 groups except for
olanzapine, which was present in 24% and 10%
of the patients gaining more weight versus those
gaining less than 5%, respectively (P=.006)
(Table 1). When considering MetS traits at
baseline, only BMI was significantly different
between both groups (P=.001), being lower in
the >5% group. After 1 year, mean (SE) BMI
increases of 1.2 (0.3) kg/m? and 3.1 (0.8) kg/m?
were observed in the low and high weight-gain
group, respectively (P=.01) (Supplementary
cTable 6). A stronger decrease of high-density
lipoprotein (HDL) cholesterol (f=-0.3 mmol/L,
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Table 2. Evolution of Metabolic Parameters and
patients with 1-year follow-up included)

-

site.

ndrome at Baseline, 3 Months, and 1 Year (only

Variable Baseline 3mo fid 1y P?
Prevalence of normal weight, overweight, and obesity, n/total (%)

Normal weight (BMI <25 kg/m?) 71/116(61) 60/116(52) .01  57/116(49) .007

Overweight (BMI=25-30 kg/m?) 25/116(22) 32/116(28) .2 33/116(28) 2

Obese (BMI 230 kg/m?) 20/116(17)  24/116(21) 2 26/116(22) .07
Prevalence of abdominal obesity, n/total (%)

Waist circumference =94 cm (men), 280 cm (women)® 42/86 (49) 53/86 (62) .02 53/86(62) .02

Waist circumference =102 cm (men), 288 cm (women)“4 25/86 (29) 28/86(33) .50 35/86 (41) .02
Prevalence of HDL hypocholesterolemia, n/total (%)

HDL cholesterol < 1.03 mmol/L (men), < 1.29 mmol/L (women) 18/61(30) 16/61(26) .8 17/61(28) 1.00
Prevalence of hypertriglyceridemia, n/total (%)

Triglyceridemia 2 1.7 mmol/L or lipid-lowering treatment 13/63(21)  20/63(32) . 25/63 (40) .006
Prevalence of hyperglycemia, n/total (%)

Fasting glucose > 5.6 mmol/L or antidiabetic treatment®¢ 10/61(16) 16/61(26) .1 23/61(38) .002

Fasting glucose = 6.1 mmol/L or antidiabetic treatment* 7/61(11) 5/61(8) .6 9/61(15) .7
Prevalence of hypertension, n/total (%)

Blood pressure = 130/85 mm Hg or antihypertensive treatment 14/80(18) 15/80(19) 1 16/80(20) 8
Prevalence of metabolic syndrome, n/total (%)

ATP III* 3/35(9) 1/35(3) 6 6/35(17) 2

Adapted ATP IlIf 3/35(9) 2/35(6) 1 6/35(17) 2

IDF? 3/35(9) 6/35(17) 5 8/35(23) .07
P values were calculated using McNemar tests b b versus 3 hs and baseline versus 12 months. Values in bold

are significant.
bAccording to IDF definition.

“According to National Cholesterol Education Program's ATP IlI'® definition.

dAccording to adapted ATP lll definition.

Yy is p if at least 3 of the following criteria are present: central obesity (men, = 102 cm; women, = 88
cm); triglycerides = 1.7 mmol/L or lipid-lowering treatment; glucose =6.1 mmol/L or type 2 diabetes treatment; blood pressure
=130/85 mm Hg or treatment for hypertension; and HDL cholesterol (men, < 1.03 mmol/L; women, < 1.29 mmol/L).

'Same as ATP Il definition but the following: glucose > 5.6 mmol/L or type 2 diabetes treatment.

9Metabolic syndrome was present if patients had central obesity (men, 2 94 cm; women, = 80 cm) and at least 2 other following
factors: triglycerides = 1.7 mmol/L or lipid-lowering treatment; glucose = 5.6 mmol/L or type 2 diabetes treatment; blood
pressure = 130/85 mm Hg or treatment for hypertension; and HDL cholesterol (men, <1.03 mmol/L; women, < 1.29 mmol/L).

Abbreviations: ATP |l = Adult Treatment Panel Ill, BMI = body mass index, HDL = high-density lipoprotein, IDF = International

Diabetes Foundation.

Figure 1. Receiver Operating Characteristic (ROC) Curves Indicating the Best
Early Weight Gain Threshold to Predict a Weight Gain = 15% After 3 Months and

>20% After 1 Year of Treatment

A. = 15% Weight Gain at 3 mo

B. = 20% Weight Gain at 12 mo

100 ~

60 4.9 (82.8%, 66.7%)*

Sensitivity (%)

100 ~

5.6 (87.9%, 53.8%)

Sensitivity (%)

T T T T T T
100 8 60 40 20 0

Specificity (%)

T T T T T T
100 80 60 40 20 0

Specificity (%)

“The number on the right side of the cross represents the best weight gain threshold after 1 month
of treatment; specificity and sensitivity, respectively, are enclosed within the parentheses,

P, gjusted <-0001) and increase of triglyceride (3=1.5 mmol/L,
Pygjusted <-0001) were also observed in the >5% group by
using a linear model controlled by several confounders
(Table 3). In the final linear mixed model with an early
weight gain >5% as predictor, it was confirmed that this
threshold was a significant predictor of long-term weight
gain over 1 year of treatment (difference between groups

in 1 year [B] of 6.4% weight gain as compared to baseline,
Pygjusiea=-0001). This predictor was also found significant
for a stronger long-term weight gain in young patients
(aged <25 years) (P=8.7%, P,gjuqea<-0001), young adults
(aged 25-45 years) (B=7.3%, P guqca=-0001), adults (aged
45-65 years) (B=7.4%, P,gjuqea=-005), and elderly patients
(aged > 65 years) (B=13.6%, P,gusca<-01). This predictor
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Figure 2. Generalized Additive Mixed Model Prediction o
Weight Over a 1-Year Period in Psychiatric Patients Having a
> 5% Weight Increase Versus < 5% After 1 Month Following
the Introduction of Weight Gain-Inducing Psychotropic
Drugs®

] Women with > 5% initial weight gain
] Women with < 5% initial weight gain
[ Men with > 5% initial weight gain
[ Men with = 5% initial weight gain

20

Weight Change, %

T T T T T

0 2 4 6 8 10 12
Time of treatment, mo

“Shaded area represents 95% Cl. Men and women are represented by blue
and red lines, respectively.

was also found significant in patients with psychotic or
schizoaffective disorder ($=7.0%, P,qjuseq<-0001), bipolar
disorder or depression (B =9.1%, P, gjuqea =-0006), and in the
other diagnoses (B =11.6%, P, gjuqea <-01). Significant results
were also observed in patients treated with amisulpride or
aripiprazole ( =6.6%, P,gjuqeq = -003); mirtazapine, lithium,
quetiapine, or risperidone (B =8.4%, Pygjueq <-0001); and
finally with clozapine, olanzapine, or valproate (p=7.4%,
P gjusiea <0.0001) (Supplementary eTable 7).

Effect of Changes in Appetite
and Physical Activity During Treatment

Calculations were also made to assess the predictive
power value of moderate or high (=30 min/d) physical
activity and of an appetite increase during the first month of
treatment on long-term weight gain (Supplementary eTables
8 and 9). The AUC value indicated no predictive power for
cither parameter (AUC = 50).

DISCUSSION

Confirming previous studies in psychiatric patients,'*?’
our study found a high prevalence of overweight status
or obesity (39%) in the present cohort at baseline, which
even increased after 1 year of treatment (50%). Notably,
a higher (68%) prevalence of overweight status or obesity
was measured in another Swiss cohort,*® which is probably
explained by the longer treatment duration in the latter
cohort (median=2.3 years vs mean=0.65 years). The
increase of mean BMI after 1 year of treatment was
dependent on age (decreasing with increasing age), which

Early Weight Changes During Psychotropic Treatment

EEIe 3. Linear Model Comparing 1-Ye§r Change of Metabolic

Parameters Between Early and Nonearly Weight Gainers®

Difference Between
<5%and >5%
Weight Gain Group,
Adjusted Mean
Parameter (95% CI) po
Waist circumference, cm 1.7(-48t08.2) 6
Glucose, mmol/L 0.7(=0.2t0 1.5) % |
HDL cholesterol, mmol/L -0.3(-0.5t0-0.2) <.0001
Triglycerides, mmol/L 1.5(0.8t02.2) <.,0001

“Results were obtained by fitting a linear model controlling for age, sex,
time, baseline body mass index, and current psychotropic drug.

“Values in bold are significant.

Abbreviation: HDL = high-density lipoprotein.

is in agreement with previous studies showing that being
of young age is a risk factor for a stronger increase in
BMIL?! Although weight gain in elderly patients is subject
to controversial results,’>?* in the present study a moderate
mean gain of 1 BMI unit was observed after 1 year in this age
group, which is in agreement with the Clinical Antipsychotic
Trials of Intervention Effectiveness-Alzheimer’s Disease
(CATI-AD) study® conclusion supporting the importance
of metabolic monitoring also in elderly patients. Because
of the small cohort size after stratification by the type of
drugs prescribed, the frequent polymedication, and the
previous history of past medications, it was not possible to
differentiate the effects of each psychotropic drug separately.

An early weight gain of more than 5% was found to be
the best predictor for a weight gain of 2 15% after 3 months
and of =20% after 1 year. Of note, AUC values have also
been calculated for the previously published threshold of 2
kg after 1 month.” ! Similar results to the present analysis in
terms of AUC values were found (data not shown). Because
an absolute threshold expressed in kilograms does not
take into account the large variability of baseline weight, a
relative threshold expressed in percentage as presented in
this study appears to be more relevant. The high negative
predictive value indicates that this measure will correctly
predict the future status of most patients (97% for 3 months,
93% for 12 months) who had a weight gain less than or equal
to 5% after 1 month as continuing to have a moderate weight
gain after 3 and 12 months, respectively. Over 1 year, these
patients had a mean BMI increase of 1.2 kg/m?, which is
significantly lower than the 3.1-kg/m? increase observed
in the high early weight-gain group. The low positive
predictive value indicates that 71% and 70% of patients with
an early weight gain >5% will not reach the 15% and 20%
threshold at 3 and 12 months. Although weight gain in this
false-positive group at 3 months is still significantly higher
than in the low weight-gain group, the difference was no
longer significant at 12 months, indicating the necessity of
long-term weight monitoring also in the group with low
initial weight gain. Monitoring of metabolic parameters
is performed in our department with advice to take into
account significant changes of parameters by different
means (discussion with the patients, diet and physical
activity counseling, drug evaluation and changes). Because
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hoc noninterventional study, it is not known if they could
have contributed to part of the false-positive results.

These predictive parameters are in agreement and
complete previous results obtained from clinical trials.”!%4
Female gender, young age, low baseline BMI, and low
triglyceride levels were proposed to predict antipsychotic-
induced weight gain.*?%252¢ [n the present study, only BMI
was found to be significantly different between both groups,
being lower in the early weight-gain group at baseline.
However, triglyceride values increased and HDL cholesterol
values decreased with higher amplitude over 1 year, showing
that these parameters are worsening faster in the early high
weight-gain group, paralleling the faster increase of BMIs.

The threshold of more than 5% in the early phase of the
treatment remained significant (p=6.4%, Pygjusica=-0001),
even after adjusting for several confounders. These results
indicate the robustness of this predictor and should motivate
clinicians to monitor early weight changes more thoroughly
for all patients and not only patients with known risk
factors (ie, young patients, drug naive, and other factors).
Although not formally demonstrated in the present study,
the threshold of more than 5% weight gain after 1 month
of treatment may also be used to detect some patients who
could reach this threshold in a shorter period of time. Thus,
very rapid and important weight gain should be evaluated by
the treating physician and nurses independently of the usual
time schedules for weight monitoring.

No significant influence of prescribed antipsychotics was
found in the confirmatory analysis. This is in agreement
with a previous study showing that an early weight gain of
2 kg is a good predictor for more weight gain during 24-
to 28-week treatment with olanzapine and aripiprazole, 2
drugs with important differences in their potential to induce
weight gain.” These results suggest that, independently of the
prescribed drugs (ie, atypical antipsychotics, mood stabilizers
such as lithium or valproate, or sedative antidepressants such
as mirtazapine), the 5% threshold should be used when
monitoring weight gain during treatment.

To our knowledge, only 1 study?” previously investigated
the role of appetite on long-term weight change, concluding
that early weight gain was found to be a better predictor
for further weight gain than appetite increase, which is in
agreement with the present study. In addition, medium or
high physical activity was also a poor predictor. However, the
present results do not preclude the use of health promotion
intervention, including physical activity or behavioral
interventions that have shown some effect in psychiatric
populations.®®

Several limitations of the present study have to be
mentioned. First, the majority of patients were not drug
naive, and the observed weight gain was probably also the
result of past treatments. However, such patients constitute
the majority of psychiatric populations, which therefore
might even strengthen the clinical validity of the present
finding. Second, the follow-up period lasted only 1 year, but
previous studies,”* as well as the present study, show that

during this period. Third, due to an insufficient number
of observations, we could not determine an early weight-
gain threshold specifically in young and elderly patients.
However, the 5% threshold was significantly associated
with important weight gain in these 2 age classes. Finally,
the results concerning activity and appetite change have to
be interpreted with caution because the evaluation was self-
reported, used a nonvalidated scale, and may be not sensitive
enough.

A strength of the present study is its longitudinal design
with weight monitoring at regular time points during 1 year
when patients started a weight-inducing psychotropic drug
or switched the treatment. In addition, the use of therapeutic
drug monitoring allowed us to assess the compliance of the
patients, which is an important issue in psychiatric treatment.

In conclusion, this work underlines the importance of
weight monitoring at the introduction and after a switch
of antipsychotic drugs, mood stabilizers, or sedative
antidepressants for all patients, independently of their
gender, age, initial body weight, previous treatments, or
illness duration. A weight gain of more than 5% during the
first month of treatment should be used by the clinician as
one of the early warning signs to consider those patients as
being at higher risk of important weight gain during long-
term treatment. A particular emphasis should be put on
such patients by using all available strategies (ie, behavioral
interventions or even replacing the causative weight gain-
inducing drug if clinically possible, after a careful evaluation
of the risk-benefit ratio of a drug switch), considering the
major impact weight gain and its consequences have on
quality of life and general health of patients.
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eMethods 1: Study design and subject selection.

Patients with missing weight at baseline or at one month were excluded from analysis (eFigure 1). If two or more
studied drugs (clozapine, olanzapine, risperidone, quetiapine, aripiprazole, amisulpride, lithium, valproate and/or
mirtazapine) were prescribed concomitantly, the latest introduced compound was considered as the main treatment
and the other drugs were pooled with co-medication possibly inducing weight gain (eTable 10). Medications could
be changed by the treating physician according to the response to treatment and side-effects with no influence of the
inclusion of patients in the study (non-interventional study).Weight was measured in the morning in fasting
conditions by using professional medical scales. No retrospective or self-estimated patient data was used. Appetite
assessment was based on a five item scale (self evaluation): low, moderate, medium, high and very high appetite.
Physical activity, which was defined as walking, climbing stairs or specific sport activity, was based on daily
physical activity duration (self evaluation): <30 min, 30-60 min, >60 min. For statistical tests on long term weight
gain, appetite increase was defined as an elevation of appetite between baseline and the first month of treatment (eg.
low to moderate, moderate to high). In addition, physical activity was defined by the daily activity duration at one
month treatment (less vs equal or more than 30 minutes).
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88

89

90

91

92

93

eMethods 2: Determinations of clinical chemistry parameters and drug plasma
concentrations.

Metabolic syndrome (MetS) prevalence was assessed according to the Adult Treatment Panel 111 (ATP I1I) °, the
adapted definition (ATP I1I-A) * and the International Diabetes Federation (IDF) * which has different cut-offs for
waist circumference (WC) depending on the ethnicities (e.g. for the 95% of our patients who are Caucasian, Sub-
Saharan Africans, Eastern Mediterranean and Middle East populations, WC of 90 cm for men and 80 cm for women
are used for the definition of metabolic syndrome. This same cut-off was used for the 5% other patients who were
Asians (n=2) or of unknown ethnic group (n=17)). Blood samples were drawn in the morning in fasting conditions
(blood samples drawn after I0HOO AM were excluded from analysis) to measure clinical chemistry parameters and
drug plasma concentrations. Plasma drug concentrations were quantified at one, three and 12 months in trough
conditions (in the morning before the next drug intake). Liquid chromatography/mass spectrometry methods were
used for measuring aripiprazole, clozapine, or olanzapine plasma levels as previously described®, and also for
risperidone, OH-risperidone, quetiapine or amisulpride (Eap et al., unpublished data, available on request).
Mirtazapine was measured by gas-chromatography-nitrogen detector (Eap et al., unpublished data, available on
request), valproate by fluorescence polarization immunoassay (Cobas integra 400 plus Roche®, Roche Diagnostic,
Rotkreuz, Switzerland) and lithium by ion selective electrode (EasyLyte Na/K/Cl/Li, Medica®, Chatel St-Denis,
Switzerland). All methods are used on a routine basis in our accredited laboratory (ISO 15189 and 17025), with
external quality controls (LGC Standards Proficiency Testing (Teddington, United Kingdom); Arvecon (Walldorf,
Germany: Quality Control Centre Switzerland (Chéne-Bourg, Switzerland)). Patients were considered compliant
when drug plasma concentrations were higher than 10 % of the lower value of the recommended therapeutic range .
For this purpose, for all substances except risperidone, the concentration of the prescribed drug was used, while for
risperidone, the sum of risperidone and of its metabolite 9-OH risperidone was used. Drug plasma concentration at
month one and three, and at month one and 12 were evaluated for follow ups shorter or equal to 12 months,
respectively. Reports of non-compliance as observed by the medical or nursing staff were also taken into account.
Patients who were considered non-compliant at any of the time periods of observations were excluded from analysis.

Patients’ blood pressures were measured once after five minutes rest in a sitting position.
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94  eMethods 3: Exploratory analysis.

95 Marginal analyses were done using Wilcoxon rank-sum (W+) and Kruskal-Wallis tests (KW) for comparing

96 continuous traits. Fisher's exact tests (FET) were used to compare categorical variables and McNemar tests (MN)

97  were used to compare the prevalence of outrange metabolic parameters between baseline, three and 12 months.

98  Thresholds for early WG were examined by 1% increments (ranging from 2% to 8%) to find the best predictors for

99 long term WG as defined by a minimal WG of 10%, 15% or 20% at 3 and 12 months of treatment. These analyses
100  allowed to assess the best relation between SN and SP to find an acceptable threshold for short and long term WG.
101  To explore the adequacy of linear evolution of BMI along time, a Generalized Additive Mixed Model (GAMM) was
102 also fitted to the same data. The response variable in this model corresponded to the ratio of the weight at each time
103 point divided by the weight at baseline, which represents the weight gain at that time point. Observations made at
104 two, three, six, nine and 12 months (analyzed as a continuous variable) were used to fit the model, while
105  observations made at baseline and/or at the first month were used to construct the grouping variable. The effect of
106 time on weight gain was not considered as linear but was better represented by a smooth semi-parametric curve
107 (with cubic regression spline basis). GAMMSs were fitted separately for each sub-group to give the possibility of
108 capturing the weight-gain trend without restraint at each sub-group (otherwise, a parallel trend in time would have
109  been imposed on all sub-groups). These models were not adjusted for multiple comparisons, covariates or cofactors
110 as they were used only to explore the data and the adequacy of the final model.
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144

eMethods 4: Confirmatory Analysis.

The “nlme” package of R* was used to fit a linear mixed effect model adjusted for age (at baseline), gender, BMI (at
baseline), psychotropic drugs, presence of co-medication possibly inducing weight gain, triglycerides, glucose and
HDL concentrations. The fitted linear mixed effect model” had a random effect at the subject level. To be more
robust in inferences, a bootstrap analysis'’ was used to evaluate the uncertainty of estimated parameters (evaluated
uncertainties are more conservative, but more reliable if there are violations from model assumptions, as normality
assumption for residuals). Results were based on 10000 bootstrap replicates at the subject level (subjects were
considered to be independently recruited) and increasing the number of bootstraps did not influence substantially the
uncertainty of estimated parameters.
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145  eResults 1: Metabolic parameters.

146  Abdominal obesity (M=94cm, F=80cm) was observed in 54% of patients at baseline, and increased from 49% to
147 62% after one year (p=0.02, table 2) in patients with one year follow-up. This prevalence increased significantly
148  with age (from 30% to 66% at baseline, p=0.001 and from 45% to 76% at one year, p=0.004) (eTable 3).Hypo
149 HDL-cholesterolemia (M<1.03mmol/l; F<1.29mmol/l)) was observed in 31% of patients at baseline with no
150  evolution during treatment. Prevalence at baseline was higher in women except in elderly patients (young, p=0.02;
151  young adults, p=0.03: adults, p=0.01). Baseline hypertriglyceridemia (=1.7mmol/l or presence of lipid lowering
152  drug) was observed in 28% of the patients at baseline. In patients with baseline and one year data,
153 hypertriglyceridemia increased from 21% to 40% after one year (p=0.006). Hypertriglyceridemia increased along
154  the four age categories from 8% to 36% at baseline (p=0.01) (eTable 3). Hyperglycemia or diabetes (=5.6mmol/l or
155 antidiabetic medication) was observed in 25% of patients at baseline. In patients with baseline and one year data,
156  hyperglycemia increased from 16% to 38% (p=0.002). No gender differences were observed at baseline and after
157  one year, however hyperglycemia was significantly increased with increasing age (p=0.003). No gender differences
158 in the prevalence of hypertension (130/85mmHg or antihypertensive medication) were observed, with an unchanged
159  prevalence during treatment. However, as expected, hypertension was found to increase significantly with increasing
160  age both at baseline and after one year (p=0.001). Prevalence of metabolic syndrome (MetS, IDF definition) was
161 22% at baseline. In patients with baseline and one year data, a trend for an increased prevalence during treatment
162 was observed (from 9% to 23%, p=0.07). In agreement with other parameters, MetS increases with increasing age
163 (6% to 44%, p=0.001) at baseline, however no significant age related increase was observed after one year.
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175  eTable 1: Baseline demographics stratified by gender.

Characteristics Total (351) Men (164) Women (187) p*
Age, mean (se), years 46(1.2) 39(1.6) 51(1.6) <0.001
BMI
Mean (se), kg/m* 24.4(0.3) 24.1(0.3) 24.7(0.5) 0.7
Overweight [25-30[ kg/m’, n/total n (%) 621294 (21%)  35/130(27%)  27/164 (16%) 0.03
Obese = 30 kg/m’, nftotal n (%) 49/294 (17%) 12/130 (9%)  37/164 (23%) 0.003
Smoking, n/total n (%) T6/137 (55%) 4267 (63%)  34/70 (49%) 0.9
Iliness duration, mean (se). years 8.0(0.6) 6.7(0.8) 9(1) 04
Follow up duration, mean (se), days 237.2(8.2) 253.8(12.9) 222.7(10.3) 0.1
Month 1, mean (se), days 31(04) 31(0.6) 32(0.5) 0.3
Month 3, mean (se), days 102 (2) 100 (1.8) 103 (3.6) 0.9
Month 12, mean (se), days 393 (7.1) 404 (12.8) 381 (5.8) 0.2
Medication, n/total n (%)
Amisulpride 36/351 (10%)  20/164 (12%)  16/187 (9%) 0.3
Aripiprazole 307351 (9%) 147164 (9%) 16/187 (9%) 09
Clozapine 24/351 (7%) 12/164 (7%) 12/187 (6%) 0.8
Lithium 19/351 (5%) 10/164 (6%) 9/187 (5%) 0.6
Mirtazapine 117351 (3%) 5/164 (3%) 6/187 (3%) 0.9
Olanzapine 44/351 (13%) 197164 (12%)  25/187 (13%) 0.6
Quetiapine 112/351 (32%)  48/164 (29%) 64/187 (34%) 04
Risperidone 64/351 (18%) 327164 (20%)  32/187 (17%) 0.6
Valproate 10/351 (3%) 3/164 (2%) T8 (4%) 03
More than one AP, n/total n (%) 1107351 (31%)  50/164 (30%)  60/187 (32%) 0.8
AP and mirtazapine, n/total n (%) 16/351 (5%) 8/164 (5%) 8/187 (4%) 0.8
AP and MS, nftotal n (%) 471351 (13%) 19/164 (12%)  28/187 (15%) 0.4
Co-mediation possibly causing weight gain, n/total n (%)  46/255 (18%) 19/106 (18%)  27/149 (18%) 09

* p-value were calculated using Wilcoxon rank-sum tests for continuous variables and Fisher's exact
tests for categorical variables between genders.
Abbreviations :AP = Atypical antipsychotics; MS = lithium, valproic acid.

176
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178

179

180

181

182
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eTable 2: i and sy ath

3 months and one year.

Baseline 3 Months » One year P

Prevalence of normal weight, overweight and obesity, n/total n (%)

Normal weight: BMI < 25 kg/m2 183 /294 (62%) 132241 (55%) 0.0005 66 /135 (49%) 0.01

Overweight: BMI [25-30] kg/m* 62/294 (21%) 63/241 (26%) 0.05 36/135 (27%) 032

Obese: BMI > 30 kg/m* 491294 (17%) 46/241 (19%) 04 33/135 (24%) 0.03
Prevalence of abdominal obesity, n/total n (%)

Waist circumference Men > 94 cm , Women > 80 cm'’ 162/300 (54%) 1427231 (61%) 0.0004 89/135 (66%) 0.01

Waist circumference Men > 102 cm, Women > 88 cm*<’ 99/300 (33%) 87/231 (38%) 0.01 58/135 (43%) 0.03
Prevalence of hypocholesterolemia, n/total n (%)

HDL-chol. Men < 1.03 mmol/l, Women < 1.29 mmol/l 61/194 (31%) 56/198 (28%) 08 35/122 (29%) 1.00
Prevalence of hypertriglyceridemia, n/total n (%)

Triglyceridemia > 1.7 mmol/l or lipid lowering treatment 56/201 (28%) 70207 (34%) 0.03 42/123 (34%) 0.01
Prevalence of hyperglycemia, n/total n (%)

Fasting glucose > 5.6 mmol/l or antidiabetic treatment 50/204 (25%) 55202 (27%) 07 53/122 (43%) 0.0001

Fasting glucose > 6.1 mmol/l or antidiabetic treatment®' 25204 (12%) 22/202 (11%) 1 22/122 (18%) 0.15
Prevalence of hypertension, n/total n (%)

Blood pressure > 130 / 85 mmHg or antihypertensive treatment 58/305 (19%) 417229 (18%) 1 27/134 (20%) 0.50
Prevalence of metabolic syndrome, n/total n (%)

ATP-III" 24/161 (15%) 23/154 (15%) 1 23/100 (23%) 0.22

ATP-111-A* 30/161 (19%) 27/154 (18%) 1 28/100 (28%) 0.22

IDF" 35/161 (22%) 33/154 (21%) 0.5 32/100 (32%) 0.04

“ p-value were calculated using McNemar tests between baseline and 3 months.
" p-value were calculated using McNemar tests between baseline and 12 months.

“According to IDF definition.
YAccording to ATP-III definition.
“According to ATP-11I-A definition.

' Metabolic syndrome is present if at least 3 criterias are present: central obesity (M > 102 cm , F > 88 cm); lnglycendes = 1.7mmol/l or lipid lowering
H

treatment; glucose > 6.1 mmol/l or type 2 diabetes treatment; blood pressure > 130/85mmHg or

mmol/l, F< 1.29 mmol/l.

# Same aa © but: glucose > 5.6 mmol/l or type 2 diabetes treatment.

B Motah, 1

y is present if: p

M = 1.03 mmol/l, F < 1.29 mmol/l.

for I

L-Chol

for h

IM<1.03

of central obesity (M =94 cm, F = 80 cm) and at least two other following factors: mglycendes > 1.7mmol/l or
lipid lowering treatment; glucose > 5 6 mmol/l or type 2 diabetes treatment; blood pressure > 130/85 mmHg of HD!

_Chol
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«Table 3: clinical for age and gender at baseline and 12 months of treatment.
Baseline, (age range) Young (age < 25) Young adult (age : |25-45)) Adult (age : J45-65]) Elderty (age : > 65) Overal p*
Gender, (1tal ) Ane Men7)  Women(25) P AWM Men(62  Women(S2) PoAus) Men () Women (8 P AN Men25)  Women(62) P
BMI
Mean (se). ks’ 2905 0T IO 002 BI06 244085 26310 04 25608 4409 263000 06 2806 24010 0707 [ o0
Overweight [25-30( ke/ar’, nhoial n (%) GTIE)  WAS(8E)  122(5%) 03 2ADQAR)  IVIG0%)  RES (I8%) 02 IS6IQ5%)  TRIG3%  BAOQOR™) 03 IT@%)  TR0GSH)  I0S708%) 01 04
Obese > 30 kg/ov, aotal n (%) UT0%)  SAS(N%)  2M2(9%) 09 UAVI9N)  IMOW  MHSGI%I 0006 IM6IQI%) 221009  1IA0RS%) 02 120706%) 2200109 10STAs%) 07 04
Wait crcumderence
Mean (se).cm B 872 W) XTI 90 (1) 20 LERETEEN 9(2) 9 0z w0 8o 80 o1 oo
M2 04cm . F 80cm, nhotal n (%) 19064 C0%) 1041 24%) 923 (39%) 03 49MI(H%)  ITA9QSE)  M2T6R) 00001 AMS(@%)  1627(59%)  IMI66%) 06 SIT(E6%) 1322(S9%) IRSS@%) 04 0001
M2 102m . F> 88, atotal a (%) UOL(14%)  GAL(ISH)  ARI(13%) 09 JMIGHE) THOOA%)  4H2(TE) 00001 266SOS%)  R27(0%)  IRAL@E) 03 W7T@%)  S2203%6)  RSSSIG) 004 0002
HDL Cholesierol
Mean (se). mmol 12000 13000 137014 09 13005 126006 135009 06 151007 12000 1801 03 14506 135009 149007 03 008
M < 103 mmob, F < 1.29 mmotA, nfotal n (%) 1268G2%)  S2709%)  MIGIS) 002 2061 G4%) TASQI%)  M428(0%) 003 LAIQ6%)  IISG6%)  1025(0%) 001 ITS2G3%) (4% ISBRO9E) 01 0%
Triglyceride
Mean (sc). mumoll 1901 L9015 091009 07 1SSOI 1703 145 (0.16) 09 158019 20042 128000 008 127(008) 125046 12700 05 oom
1. 7mmol or lipid lowering treatment, notal n (%) IWEE)  WS2%) WII0%) 1963 030%)  LASGI%) 828 (29%) 09 A% RIS@A%) 6263 02 2056(06%) 6ISE0%) 4104 08 00
Glucose.
Mean (se). mmoll 4RO 4900 479008 04 S2008) 494012 S1LOD 07 SATO29)  ST04T 529020 02 S4S013)  SSOID  SB3OI6 04 o0
2 5.6mmol o antidiabetic reatment“*, wiotal n (%) GHEW W90 0N40%) 1565235 TACI%) 81 Q6%) 0% I0MSQ2E) 420Q0%)  62SQ4%) 09 2SLEI%)  T4S0%)  MATGSE) 05 00m
2 6. mmol o antidiabetic treatment . wiotal n (%) HIQ%  190%  W140%) MSN%)  AB4012%) 301 (10%) 09 SHS(I%)  M(IS%)  M58%) 06 ISIQHR) VRIS TR 09 002
Blood pressure
Sysolic, mean (s¢). manblg e 1252 108 ) 010 120 12602) e w0 19e) 12409 16 (3) o1 s 1404 me) 009 000001
Diastolic, mean (s¢), mmg n 5@ 66 oo o) Q) Q) 05 soe B na 009 750 A Ha 03 ooon
> 1308 SmmHg oc antihypertensive treatment, afotal (%) Y6S (%) BT IR25%) 09 1296(53%)  10S2019%)  244(5%) 003 IU66(T%)  TSQS®)  AALO0%) 000 IAK@0%)  ORI0%)  2SSE0R) 09 0001
Prevalence of metabolic syndrome
ATPAI, nhotal n (%) IRE% 2 M0o%) W E%)  02SO%) 323 (13%) 01 6OBO6%)  MIT(8%)  I2N(4%) 09 MA3GIN)  2207%)  12B109%) 03 oo
ATPAILAT, afotal (%) VRO 2% 000k AHS(B%)  IRSE%) W% 03 IARGS™) N8R A2009%) 09 IS3@%)  42(8%)  MAIESE) 07 oom
IDF, aotal n (%) YRE%  MO%  VI00%) GHS (%) 20S(KS)  ARI(1T%) 04 SOARQI%)  ANTQA%)  ARI(9%) 09 19M3(4%)  VI2Q5%)  1631(2%) 02 0001

*p-value were calculated using Kruskal-Wallis tests for continuous variables and Fisher's exact tests for categorical variables between age groups.
"p-value were calculated using Wilcoxon rank-sum tests for continuous variables and Fisher's exact tests for categorical variables between genders.
“According to IDF definition for Caucasian.

“According to

ATP-111 definit

“According to ATP-III-A definition.

* Metabolic syndrome is present if at least 3 criterias are present: central obesity (M > 102 cm , F> 88 em): triglycerides > 1. 7mmol/l or lipid lowering treatment; glucose > 6.1 mmol/l or type 2 diabetes treatment: blood pressure > 130/8SmmHg or treatment for

hypertension: HDL-Cholesterol M < 1.03 mmol/, F < 1.29 mmolA.
>

¥ Same as ' but

mmol/l or type 2 diabetes treatment.

* Metabolic syndrome is present if: presence of central obesity (M 94 cm , F > 80 cm) and at least two other following factors: triglycerides > 1.7mmol/l or lipid lowering treatment; ghucose > 5.6 mmol/l or type 2 diabetes treatment; blood pressure > 130/85 mmHg
of treatment for hypertension; HDL-Cholesterol M < 1.03 mmol/l, F < 1.29 mmol/l
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One year, (age runge) Voung (age < 25) Young adult (age : 125-45]) Adult (age : MS-65]) Elderly (age : > 65) Overal p*
Gender, (1otal ) Ana2) Men (22 Women (10) PANGS) Men(30)  Women25) P AUGS) Men(16)  Women2) P ANQYH Men () Women(16) P
BMI
Mean (se), kg/m’ 2609 6400 409 003 MSOH 6308 K703 03 20N w200 BIA6) 09 %03 520 4105 04 008
Overweight [25-301 kg/n’, whotal n (%) NRSE) TR2O2%) 110(10%) 04 LHEI)  IMOSH) 4G 008 IVIM(E) UI39%)  4R2109%) 0009 42109%)  V6OIE) 2SI 05 04
Obese = 30 kg/m’, notal n (%) S2(I6%)  4208%)  V10(10%) 09 IABOSE)  ARAOTH)  IVMGHE) 001 THQIT)  VIGR) 621Q9%) 02 42109%)  6ATR)  VIS@0S) 09 02
Waist circumference
Mesn (se). cm 9ne 94 (4) 836 00s 9@ e 95y (U 01 964) o1 9@ 10266) 95 (6) 06 02
M =%4em, F > S0cm, notal n (%) 1431 @S%) 1021 (48%) 4010 (40%) 09 IUSIOI%)  16B0SIE)  ISAMI%) 02 NS6M6%)  IVISKI%) IS 86%) 09 LNTO6%)  4SG0%)  9A205%) 09 00N
M 102cm . F > 88, aftotal n (%) 93 Q9%) TR VI0Q0%) 07 205109%) K@% 2% 0M  INI6S0%)  TNSE%)  LRIE%) 09 LNTESR) MO0 WI2E%) 09 007
HDL-Choleserol
Mean (se). mmoln 128008 LITO0) 159001 001 125006 12008 132008 03 LAOID 12700) 156018 04 14705 1B LSSOID 02 02
M < 1,03 mmol, F < 1.29 mimel, motal a (%) €27(22%)  620(0%) 07 (0%) WAIEYE)  SASQ0)  UNB0%) 005 NA2(ME) V(SR H19ETE) 01 400o%)  070%  4BEI% 02 06
Triglyceride
Mesn (se). mmoll 127004 141017 036015 007 1702 2903 LIS 02 166OID 1720032 16302 09 15302 13027 165028 04 02
= 1. 7mmol) or lipid lowering treatment. wiotal o (%) 627 (22%)  620(0%) 07 0%) 134400%) 1025 @0%)  M9(16%) 01 23109%) SIS USG9 09 LIRS TE%) W% 07 02
Glucone
Mean (se). mmoln 519023 S0 483022 03 SA302) 555036 527013 09 563018 SELOIT)  SSIO2) 005 S63033)  6MOIN SO 06 005
= 5 6emmoll o antidiabetic treatment*“, photal n (%) ABOS%) 96%) 17 (14%) 09 I9MS(2%)  1025(40%)  W20@S%) 08 I9R209%)  IWIZATR) MI9@TE) 01 LNOGKR) A7) M2E 09 00
2 6. mmol or antidiabetic treatment . miotal n (%) WeE%) M%) 07 0%) 09 GHS(3%)  ASOER)  2A20(106) 07 R MBGI%) WI9(6%) 04 MR TR A2 07 007
Blood pressure
Sywolic, mean (se). mnHy 20 13003 1074 00002 12108 1284 e o7 121e) 130 He ) 04 19 146(5) 135(5) 02 oo
Diastolic, mean (se), mmHg ) 7 602 0005 5002 20 e 02 we s ) 04 T8 e 782 04 o1
> Vhotal VWA%) VISR WI00%) 05 SHTATR)  GRHQSE)  MBO%) 02 46(I%)  MI6A9E)  120(5%) 03 BETH)  STOI  MIEE0R) 04 0001
Prevalence of metabolic syndrome
ATPAN, whotal n (%) YREE)  AMSAIE) 07 0%) 6A6(17%)  ARLAYE)  MSA3%) 09 99NN M2 ST Q9%) 00 GA3G6H)  US(ON) 4R (S0%) 09 004
ATPAILAY, wiotal (%) VR4%) MISQO%) 07 0%) 056 28%)  62109%)  41SQ1%) 09 IMOI%) M%) S17Q9%) 00 GI3G6%)  US0N)  AR(S0%) 09 021
IDF, motal n (%) IR(4%)  VISQO%) 07 0%) 123603%)  TR1G%)  SASG3%) 09 I9O8%)  SI2@%)  §1708%) 09 GI3E6R)  USE0R)  A8(0%) 09 014

“p-value were calculated using Kruskal-Wallis ests for continuous variables and Fisher's exact tests for categorical variables between age groups.
"p-value were calculated using Wilcoxon rank-sum tests for continuous variables and Fisher's exact tests for categorical variables between genders.

“According to IDF definition for Caucasian,
“According 10 ATP-111 definition.
“According to ATP-III-A definition.

* Metabolic syndrome is present if at least 3 criterias are present: central obesity (M = 102 cm , F > 88 cm); triglycerides > 1. 7mmol/l or lipid lowering treatment; glucose > 6.1 mmol/ o type 2 diabetes treatment; blood pressure > 130/85mmHg or treatment for
‘hypertension; HDL-Cholesterol M < 1.03 mmol/l, F < 1.29 mmol/l.

7 Same as '

* Metabolic syndrome is present

but: glucose > 5.6 mmoll or type 2 diabetes treatment.
sence of central obesity (M > 94 em, F > 80 cm) and at least two other following factors: triglycerides > 1. 7mmoll or lipid lowering treatment; glucose > 5.6 mmol/l or type 2 diabetes treatment: blood pressure > 130785 mmHg

of treatment for hypertension; HDL-Cholesterol M < 1.03 mmol/, F < 1.29 mmol/l.
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eTable 4: Receiver operating parameters for a one month weight change predicting a weight gain after 3 months of

treatment (upper panel) and 12 months (lower panel) in all ages.

Weight change (%) at PPV NPV Sensitivity Specificity AUC

1 Month 3 Months
2 10 35 93 72 72 72
2 15 14 98 76 67 72
2 20 5 99 71 65 68
5 10 54 89 48 92 70
§ 15 29 97 67 88 79
5 20 10 99 7 86 78
8 10 68 86 24 98 61
8 15 47 96 43 97 70
8 20 16 29 43 95 69

1 Month 12 Months
2 10 52 78 55 76 66
2 15 35 89 62 73 66
2 20 21 94 65 70 66
5 10 61 73 29 91 60
5 15 39 85 31 89 60
5 20 30 93 47 89 68
8 10 56 70 10 96 53
8 15 33 82 10 95 53
8§ 20 33 90 18 96 57

The left column indicates the weight change after one month and the second left column indicates the
weight change after 3 months (upper panel) and 12 months (lower panel).
In Bold, the retained prediction based on the highest AUC for 3 and 12 months.

Abbreviations: PPV = positive predictive values, NPV = negative predictive values, AUC = area under the

curve.
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eTable 5: Receiver operating parameters for a one month weight change predicting a weight gain after 3 months of

treatment (upper panel) and 12 months (lower panel) for adults (]25-65] years old).

Weight change (%) at PPV NPV Sensitivity Specificity AUC

1 Month 3 Months
2 10 36 93 74 71 73
2 15 16 98 82 67 74
2 20 4 100 100 64 82
5 10 48 89 52 88 70
5 15 24 97 64 84 74
5 20 7 100 100 82 91
8 10 64 86 26 97 61
8 15 36 95 36 95 66
8 20 0 99 0 93 46

1 Month 12 Months
2 10 27 88 59 64 62
2 15 46 77 57 68 62
2 20 19 93 64 63 64
3 10 55 74 37 86 61
3 13 35 86 41 83 62
5 20 30 93 55 83 69
8 10 25 82 12 92 52
8 15 50 69 13 94 53
8 2 25 89 18 93 55

The left column indicates the weight change after one month and the second left column indicates the

weight change after 3 months (upper panel) and 12 months (lower panel).

In Bold, the retained prediction based on the highest AUC for 3 and 12 months.

Abbreviations: PPV = positive predictive values, NPV = negative predictive values, AUC = area under the

curve.
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eTable 6: Overall metabolic parameters (left column) and comparison between early and non early weight gainers.

First month weight

First month weight

Al aain < 5% (n=288) gain > 5% (n=63) s

Weight, kg

Baseline, mean (se) 69.24 (0.93) 70.1 (1) 65.47 (2.34) 0.03

A 3 months, mean (se) 281 (0.31) 2.05 (0.32) 6.95 (0.62) < 0.0001

A 12 months, mean (se)" 4.37(0.77) 3.73(0.8) 7.712.27) 0.03
Weight, %

A 3 months (%), mean (s¢) 4.34 (0.44) 3.12(0.45) 11.07 (0.97) <0.0001

A 12 months (%), mean (se)” 6.72 (0.94) 5.44(0.91) 13.69 (3.12) 0.0045
BMI, kg/m2

Baseline, mean (se) 24.4(0.31) 25(0.35) 22.2(0.59) 0.001

A 12 months, mean (se)* 1.5 (0.26) 1.2(0.26) 3.1(0.8) 0.01
Waist circumference, cm

Baseline, mean (s¢) 89 (0.83) 90 (0.91) 86 (1.97) 0.06

A 12 months, mean (se)’ 4(0.96) 4(1.02) 5(291) 07
HDL-Cholesterol, mmol/l

Bascline, mean (s¢) 1.39 (0.03) 1.38 (0.04) 1.44 (0.06) 0.2

A 12 months. mean (s¢)" -0.08 (0.03) -0.02 (0.03) -0.36 (0.07) 0.0001
Triglyceride, mmol/l

Baseline, mean (s¢) 1.4 (0.08) 1.42 (0.09) 1.33(0.11) 0.9

A 12 months, mean (s¢)° 0.3(0.13) 0.06 (0.1) 1.46 (0.53) 0.004
Glucose, mmol/l

Baseline, mean (s¢) 5.2(0.07) 5.22 (0.08) 5.13 (0.19) 0.2

A2 ioths, mean e 0.2(0.15) 0.1 (0.16) 0.73 (0.25) 0.02
Blood pressure, mmHg

Baseline systolic (se) 124 (1.05) 124 (1.11) 122 (2.86) 05

A 12 months, mean (s¢)° 0.71(1.61) 20.22(1.7) 3.1 (4.72) 08

Baseline diastolic (s¢) 77(0.75) 77(0.8) 76 (1.96) 0.6

A 12 months, mean (se)" -0.09 (1.4) -0.73 (1.5) 3.(3.84) 0.6

* p-value were calculated using Wilcoxon rank-sum between both groups.

® Difference between baseline and 12 months values.
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eTable 7: Linear mixed effect model fitted on weight gain (%) over time.

Difference of weight change (%) between < 5% and P
>5% weight gain group (95%IC).

All sample® 6.4 % (3.6% 10 9.0%) 0.0001
Gender stratification”

Men 6.6% (3.4% 10 9.8%) 0.0002

Women 9.7% (6.9% to 12.5%) <0.0001
Age stratification”:

Young (£25) 8.7 % (5.2% 10 12.5%) <0.0001

Young adult (]25-45]) 7.3% (3.8% 10 10.7%) 0.0001

Adult (]45-65]) 7.4% (2.0% to 13.1%) 0.0051

Elderly (> 65) 13.6% (5.6% 10 18.8%) <0.01°
Diagnostic stratification” :

Psychotic & schizoaffective disorder 7.0% (4.5% 10 9.6%) <0.0001

Bipolar disorder & depression 9.1% (4.2% 10 14.1%) 0.0006

Others’ 11.6% (3.9% to 19%) <0.0¥°
Medication stratification” :

Monotherapy 7.0 % (4.5% 10 9.4%) <0.0001

Polytherapy 7.7% (4.2% 10 11.3%) <0.0001

Amisulpride & aripiprazole 6.6% (2.2% to 11.2%) 0.003

Mirtazapine & lithium & quetiapine & risperidone 8.4% (4.8% 10 12.1%) <0.0001

Clozapine & olanzapine & valp 7.4% (4.1% 10 10.7%) <0.0001
“Results were obtained by fitting a linear mixed model controlling for age. sex, time, bascline BML current psych possibly

inducing weight gain, glucose levels, triglyceride levels, HDL levels .
"Results were obtained by fitting a lincar mixed model controlling for age, sex, time, and baseline BMI if applicable.
‘Due to low number of observations, one hundred boostraps were used for the analysis.

“Others include the following di

!
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eTable 8: Receiver operating parameters for an activity > 30 minutes/day at month 1 predicting a weight gain at 3 and 12

months.
Weight change (%) at: PPV NPV Sensitivity Specificity AUC

3 Month
5 36 58 54 53 54
10 15 83 53 51 52
15 5 94 55 51 53

12 Montl
5 52 A 53 51 52
10 21 67 62 53 57
15 12 78 67 52 59

Upper panel indicates the weight increase at 3 months and the lower panel a

weight increase at 12 months.

Abbreviations: PPV = positive predictive values, NPV = negative predictive
values, AUC = area under the curve.
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eTable 9: Receiver operating parameters for an appetite increase between baseline and one month predicting a weight
gain at 3 and 12 months.

Weight change (%) at: PPV NPV Sensitivity Specificity AUC

3 Months
] 36 59 28 67 47
10 19 84 35 69 52
15 5 93 25 68 47
12 Months
-] 59 46 27 77 52
10 29 72 26 75 51
15 12 80 17 73 45

Upper panel indicates the weight increase at 3 months and the lower panel a
weight increase at 12 months.

Abbreviations: PPV = positive predictive values, NPV = negative predictive
values, AUC = area under the curve.

16
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eTable 10: Co-medication possibly inducing weight gain" 2,

Anti-diabetic drug :

pioglitazone rosiglitazone

Anti-histaminergic drug :

cinnarizine levocetirizine

Contraceptive drugs :

chlormadinone desogestrel cthinylestradiol
estradiol gestodene levonorgestrel
medroxyprogesterone norelgestromin

Psychotropic drugs ():

carbamazepine chlorprothixene clomipramine
flupentixol mianserine pregabalin
zuclopenthixol

+ Investigated drugs (clozapine, olanzapine, risperidone, quetiapine,
aripiprazole, amisulpride, lithium, valproate and mirtazapine) are not
mentioned as co-medication if they are prescribed as monotherapy.
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920 patients monitored after
weight gain inducing
psychotropic drug introduction
(1257 follow-ups available)

Excluding follow-ups with
missing baseline and one
month weights

663 patients monitored
(835 follow-ups available)

| Excluding follow-ups with only
y baseline and one month weights

486 patients monitored
(562 follow-ups available)

Excluding follow-ups with one
month weight recorded after
50 days

412 patients monitored
(473 follow-ups available)

21 Excluding non compliant patients

351 patients monitored
(407 follow-ups available)

Excluding shortest follow-ups
if several follow-ups available
for the same patient

351 patients monitored
(351 follow-ups available)

eFigure 1: Flow chart for selection of patients.

18
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eFigure 2: Weight changes at 1 month (mean(se) 31(0.4) days), 2 months (mean(se) 64(1.8) days), 3 months (mean(se)
102(2) days), 6 months (mean(se) 189(2.3) days), 9 months (mean(se) 278(3.7) days) and one year (mean(se) 393(7.1) days).
Red and blue box plots represent the patient’s observation with a first month weight gain of more than 5% and less or
equal to 5%, respectively. Dotted black line represents no weight change; red dotted line represents 5% weight increase.
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Association of genetic risk scores with body mass index in

Swiss psychiatric cohorts
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Armin von Gunten®, Zoltan Kutalik",

Objective Weight gain is associated with psychiatric
disorders and/or with psychotropic drug treatments. We
analyzed in three psychiatric cohorts under psychotropic
treatment the association of weighted genetic risk scores
(w-GRSs) with BMI by integrating BMI-related
polymorphisms from the candidate-gene approach and
Genome-Wide Association Studies (GWAS).

Materials and methods w-GRS of 32 polymorphisms
associated previously with BMI in general population GWAS
and 20 polymorphisms associated with antipsychotics-
induced weight gain were investigated in three independent
psychiatric samples.

Results w-GRS of 32 polymorphisms were significantly
associated with BMI in the psychiatric sample 1 (n=425)
and were replicated in another sample (n=177). Those at
the percentile 95 (p95) of the score had 2.26 and 2.99 kg/m?
higher predicted BMI compared with individuals at the
percentile 5 (p5) in sample 1 and in sample 3 (P=0.009 and
0.04, respectively). When combining all samples together
(n=750), a significant difference of 1.89 kg/m? predicted
BMI was found between p95 and p5 individuals at

12 months of treatment. Stronger associations were found
among men (difference: 2.91 kg/m? of predicted BMI
between p95 and p5, P=0.0002), whereas no association
was found among women. w-GRS of 20 polymorphisms
was not associated with BMI. The w-GRS of 52

Introduction

Obesity has become a major public health concern, its
prevalence increasing considerably over the last decades.
Obesity is a complex disease that results from imbalance
of energy intake and energy expenditure, being highly
influenced by an individual’s lifestyle or environment
(i.e. dier, physical acrivity) and also by genetic predis-

position [1]. Twin and family studies reported 40-80% of

heritability in obesity [2,3]. Several forms of monogenic
obesity have been described, especially those related to
leptin-melanocortin pathways [4,5]. The most prevalent
form of obesity, however, is the polygenic or common

obesity, which results from the combined cffect of
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polymorphisms and the clinical variables (age, sex,
treatment) explained 1.99 and 3.15%, respectively, of BMI
variability.

Conclusion The present study replicated in psychiatric
cohorts previously identified BMI risk variants obtained in
GWAS analyses from population-based samples. Sex-
specific analysis should be considered in further
analysis. Pharmacogenetics and Genomics 26:208-217
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common genetic variants as well as additional rare var-
iants, copy number variants, and epigenetic changes [6).
Among psychiatric populations, the risk of developing
obesity and related problems is increased compared with
the general population [7]. Several factors have been
attributed to this increased risk of obesity, such as the
illness, the lifestyle, and/or the medication [8,9].

Since their introduction onto the marker, second-
generation antipsychotics have been used widely over
first-gencration antipsychoties as they clearly show an
advantage in terms of reduced risks of extrapyramidal
side-cffects as well as some advantages for the treatment
of negative symptoms. However, most second-generation
antipsychortics can induce strong merabolic disturbances
in particular as a consequence of the dual antagonism on
serotonin and dopamine receptors and its effect on food

DOI: 10.1097/FPC.0000000000000210
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intake regulation [10]. Over the last decade, pharmaco-
generics of psychotropic-induced weight gain has been
studied widely through hypothesis-driven candidate-
gene (CG) approaches. The most studied and best-
replicated  polymorphisms focused on dopamine and
serotonin receptors [11,12]. In addition, other genes
implicated in leptin-melanocortin pathways (e.g. LEP,
LEPR, MC4R, NPY), endocannabinoids (CNR7), or genes
involved in farty acids and cholesterol production
(SCARB1, INSIG2) showed an association with weight
gain among psychiatric cohorts treated with anu-
psychotics (sce review in Lett e al. [13]). Recently,
rescarch carricd out in our laboratory showed other CGs
that could porentially induce weight gain among psy-
chiatric populations under psychotropic treatment. These
genes code for enzymes involved in metabolic pathways
(PCK1, 11BHSD1) [14-16] for receprors (MCHR2, RS2,
and PPARGCI1A) and for transcriptional coactivators
(CRTC1, CRTC2) involved in energy balance, appetite
regulation, and glucose homeostasis [17-21].

With the emergence of Genome-Wide  Association
Studies (GWAS), thousands of new polymorphisms
associated with obesity and metabolic phenotypes have
been elucidated. In particular, the associations with BMI
and/or obesity in the FT0 [22-25), MC4R |26-28], and
TMEMIS [23,24,28,29] genes have been  replicated
widely in general populations. The largest BMI mcra-
analysis of GWAS carried out to date in general popula-
tions reported 97 polymorphisms [30]. These variants
also included 32 previously reported loci [31] that have
been replicated in other cohorts and different ethnicities
[32-34]. Individually, these variants have shown little
effect on the BMI [31]. As an alternative way of testing
individual ~ single-nucleotide  polymorphism  (SNP)
effects, genetic risk scores (GRSs) summarize risk-
associated variations across the genome by aggregating
information from multiple-risk SNPs [35], with small
effects increasing the consistency and power to deter-
mine genetic risk in polygenic diseases (i.e. obesity) [36].
T'o date, GRS methods have been used in diabetes [37],
schizophrenia [38], and obesity [31], among other dis-
eases. Studies on obesity have been carried out in adults
[36,39] or children from the general population [40,41],
and recently, two studies were carried out among
depressed patients [42,43]. The aim of the present study
was to determine whether GRS constructed from pre-
vious BMI and/or weight gain-related variants from
GWAS and CGs were associated with BMI in three
independent psychiatric samples. In addition, we aimed
to analyze whether previous variants related to diabetes
(21 SNPs) and psychiatric disorders (nine SNPs) also
showed an association with BMI as these diseases seem
to share some genctic components with obesity [8,44,45].
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Materials and methods

Samples description

Psychiatric samples

Sample 1 (#=425) consisted of an on-going follow-up
study that started in 2007 in the psychiatric ward from the
Lausanne University Hospital already described else-
where [46]. Briefly, 425 White patients starting psycho-
tropic  treatment including atypical antipsychotics,
mood stabilizers, and/or mirtazapine were recruited.
Anthropometric parameters such as weight, height, and
waist circumference were measured. Other demographic
covariates (l.¢. sex, age, and cthnicity) as well as history of
treatment (treatment duration, psychotropic treatment)
were obtained from medical files or during the interview.
Medical questionnaires were filled in and blood samples
were collected at baseline and at 1, 2, 3, 6, and 12 months
after initating psychotropic treatment  according  to
guidelines [47,48]. Patients switching to one of the stu-
died treatments were also included. BMI (kg/m?), the
outcome in the present study, was used as a continuous
variable and whenever required, stratified into three
categories as normal (BMI <25 kg/m?), overweight
(252 BMI <30 kgjm"). and obese (BMI =30 kg/mz).
Twenty-one percent of patients had the first psychortic
episode andfor were diagnosed within the first year of
study inclusion [first cpisode and newly diagnosed
(FEND) patients].

Two other psychiatric samples were used as replication.
They consisted of two retrospective studies from out-
patient sctrings in Geneva and in Lausanne (sample
2=148, sample 3=177, respectively). Both samples
included partients receiving atypical antipsychotics and/or
mood stabilizers (i.c. aripiprazole, amisulpride, clozapine,
olanzapine, quenapine, nsperidone, litchium, and/or
valproate). The Geneva study was conducted in 2007 in
an outpatient Geneva setting and patients recruited had
been under psychotropic treatment for at least 3 months.
In the Lausanne study (sample 3 started in 2010, inclu-
sions ongoing), most of the patients had been treated for
more than 1 year in a Lausanne outpatient setting. For
both studies, blood samples were collected and ques-
tionnaires were filled out during one of the routine
checkups. Weight, height, waist circumference, serum
lipids, and/or glucose were measured and several clinical
variables (e.g. treatment, treatment duration) were
recorded. Bascline weight (before the current psycho-
tropic treatment) was extracted from medical files or self-
reported. Further description of these samples has been
published clsewhere [46].

Psychiatric diagnoses for the three samples were made
according to ICD-10 classification criteria. The main
diagnostic groups were F20.0-F24.9 and F28-F29: psy-
chortic disorders; F25.0-F25.9: schizoaffective disorders;
F30.0-F31.9: bipolar disorders; F32.00-F33.9: depres-
sion. The latest introduced psychotropic medication was
considered the main psychotropic treatment. Written
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informed consent was provided by all individuals or by
their legal representatives and the studies were approved
by the cthics committee of the corresponding centers.

General population-based sample

The Genetic Investigation of Anthropometric Traits
Consortium (GIANT) carried out a meta-analysis of
GWAS dara with a discovery set of 123 865 individuals of
European ancestry from 46 studies for height [49], BMI
[31], and waist-to-hip ratio [50]. This general population-
based sample was used to obtain f-coefficients (allele
effect) that assigned weights t each variant when con-
structing the GRSs.

Single-nucleotide polymorphism selection, genotyping,
and construction of genetic risk scores

The initial 32 polymorphisms sclected for the present
study had been associated with BMI in a GWAS mera-
analysis carried out in an adult general population [31].
Al sclected  variants  reached GWAS  significance
(P<5x107% (Supplementary Table S1, Supplemental
digital content 1, dup:lllinks.lww.com/lFPCIA990). Another
20 SNPs that had been previously related to
antipsychotic-induced weight gain through the CG
approach were also selected [13]. From the reviewed
variants, only SNPs or proxies of SNPs genotyped in our
sample and in GIAN'T, and only those in the literature
yiclding significant results in both sexes were retained for
the analysis. A dertailed description of the SNPs con-
sidered can be found in Supplementary Table S2
(Supplemental digital content 1, tp:/flinks.fww.com/FF PC/
A990).

Finally, we considered two meta-analyses of GWAS on
the basis of 21 SNPs associated with type 2 diabetes
(8130 cases and 38987 controls; Supplementary Table
S3, Supplemental digital content 1, Aup:fflinks.lww.com/
FPC[A990) and another one on the basis of nine SNPs
associated with five major psychiatric disorders (final
dataser: 33 332 cases and 27 888 controls; Supplementary
T'able S4, Supplemental digital content 1, 2up:f/links.fww.
comF PCIA990) including schizophrenia, bipolar disorder,
major depressive disorder, autism, and attention deficit-
hyperactivity disorder [51,52]. "T'o avoid an indirect cor-
relation between variants [i.e. in high linkage dis-
equilibrium (LLD) correlation], which is one of the
problems when constructing GRS [53], and to avoid
overrepresentation of a particular gene, only one SNP per
gene was considered. Selection was made by selecting
the SNP with the lowest P-value. We verified that the
resulting SNPs were not in LLD. Note that this approach
is analogous to an LD-based pruning, but we typically
sclect less SNPs by ignoring secondary (independent)
SNP contributions from the same gene (allelic hetero-
geneity). The study protocol was approved by the ethics
committees of the recruiting centers and all patients
provided written informed consent for the genetic

analysis. DNA was extracted from blood samples as
described by the manufacturer’s protocols using the
Flexigene DNA  Kit (Qiagen AG, Hombrechtikon,
Switzerland) and the QIAamp DNA Blood Mini
QIAcube Kit (Qiagen AG).

Genotyping of 895 White patients was performed using
the Illumina 200K CardiometaboChip (Illumina, San
Diecgo, California, USA). Briefly, the CardiometaboChip
is a custom Illumina iSelect genotyping array designed to
test DNA variation of 200 000 SNPs from regions iden-
tfied by large-scale meta-analyses of GWAS for meta-
bolic and cardiovascular traits [54]. A quality control was
performed for the genotyped SNPs. Polymorphisms or
proxies were chosen on the basis of genotype availability
in the CardiometaboChip and GIANT cohort. In addi-
tion, samples were excluded from the analysis if sex was
inconsistent with genetic dara from X-linked markers and
when genotype call rate was less than 0.96, gene call
score less than 0.15, and minor allele frequency less than
0.05. GenomeStudio Data Analysis Software (San Dicgo,
California, USA) was used to export results generated by
[lumina CardiometaboChip. In addition, the rs7799039
from the LEP gene largely associated with antipsychotic-
induced weight gain [55] and that was not available in
CardiometaboChip was genotyped by the KBioscience
Institute in UK using the novel fluorescence-based
competitive allele-specific PCR technology (KASP;
details of this technology are available at: Aup:/fwww.
lgcgenomics.com[genotypinglbasp-genotyping-chemistry/).  Out
of the 895 White genotyped individuals, 750 were finally
analyzed (145 patients excluded because of missing data).

Among the several existing methods to build a GRS, it
has been shown in disease risk modeling that weighted
genetic risk score (w-GRS) methods are preferred to the
simple count method when relative risks vary among
SNPs [56]. Supplementary Fig. 1 (Supplemental digital
content 2, Ap:fflinks.fww.com/IFPCIA991) represents the
distribution of the weighted genetic score by the number
of risk alleles (unweighted score) calculated for each
individual in the entire cohort showing that weighted and
unweighted scores are not perfectly correlated, thus
highlighting the importance of weighting each risk allele
using w-GRS methods. The w-GRS for selected SNPs
was calculated as described previously [31]. In summary,
genotypes from cach SNP were coded as 0, 1, or 2
according to the number of BMI risk alleles. Then, each
polymorphism was weighted by its fi-coefficient (allele
effect) on the basis of the assumption that all SNP of
interest have independent effects and contribute in an
additive manner toward BMIL. Allele effect on BMI was
assessed by performing lookups from the summary sta-
tistics of an independent population sample (GIANT,
#=123865), thus preserving the homogeneity of
f-cocfficient calculations (Supplementary Table S5,
Supplemental digital content 1, Aup:f/links.feww.com{FPC/
A990) for all SNPs included in the genctic score.
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Statistical analyses

Principal components of ancestry was used to assess
cthnicity and only Whites were considered in the analy-
sis. Hardy-Weinberg equilibrium (HWE) was deter-
mined for each polymorphism using a y*-test. HWE and
genotype frequencies are shown in Supplementary
Tables S1 and S2 (Supplemental digital content 1, Atp:f/
links.lww.com[IFPCIA990). P-values equal to or less than
0.05 were considered statstically significant  and
Bonferroni’s correction for multiple tests was applied
when necessary. Initially, individual SNP effects on BMI
were calculated for sample 1. Genotypes were analyzed
in an additive model of inheritance, except for one SNP
(HSD11p1 1s3753519C > T), which had too few homo-
zygous for the variant allele (#=7) and a dominant model
was used. Second, a GRS was built and tested in sample 1
and it was further tested for replication in two other
psychiatric samples (samples 2 and 3). Finally, to deter-
mine the general effect of the GRS on BMI, we com-
bined all samples as they were similar overall in terms of
the individual’s origin (Lausanne and Geneva regions),
type of treatment, age, and diagnostic. Because of inter-
dependence between observations (i.c. BMI) made on
the same individual over time, a generalized linear mixed
model (GLMM) was fitted using the MASS library of R
language [57,58] to assess the influence of genetic para-
meters on BMI in a model adjusted by age, sex, main
psychotropic treatment, and treatment duration. The
appropriate link function that we chose for the BMI
variable is the inverse function, which is the canonical
link function for the gamma family. GLMNMs combine
both linear mixed models (which incorporate random
effects) and generalized linear models (which deal with
non-normal data using link functions and exponential
family) [59]. The glmmPQL function of the MASS
library uses the penalized quasi-likelihood to estimate
model parameters [60]. Finally, predicted BMI differ-
ences were calculated at baseline, 12, and 24 months of
treatment between the percentile 95 (p95) (the upper
extreme of an unfavorable genetic background) and
percentile 5 (p5) (the lower extreme of an unfavorable
genetic background) of the GRS. To preserve homo-
geneity within samples and to deal with treatment
durations when combining all samples together (e,
shorter treatment duration up to 12 months in sample 1),
predicted BMI was obtained at baseline and at 12 months
of treatment. The corresponding 95% confidence inter-
vals (95% Cls) were calculated. Some exploratory ana-
lyses were also carried out to obtain the explained
variance of BMI by genctic and nongenetic covariates in
the psychiatric sample 1 for a subgroup of individuals
aged between 18 and 65 years. A gencralized additive
mixed model was used to deal with complex and non-
lincar BMI evolution in time and the presence of
multiple observations per individual introducing inter-
dependence among observations. A random effect at the
patient level was also introduced to take the dependence
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structure of observed data into account. "The gencralized
additive mixed models were fitted using the mgev
package of R (settings were fixed at package defaules).
T'o be more conservative, the uncertainty of estimated
parameters was assessed by 10000 bootstraps on indivi-
duals [57.61,62]. Individuals with missing data or
genotypes  were  excluded from  the analysis  (see
Supplementary Methods for further details, Supple-
mental digital content 3, Aup:fllinks.low.com/FPCIA992).

Results

Population description

Table 1 presents the characreristics of sample 1 (#=425)
and replication samples 2 and 3 (#, =148, #,=177). All
samples together included 750 White individuals, with
50% men and a median age of 45 years (range:
13-97 years). Sample 2 had the highest prevalence of
obesity (BMI > 30 l-:gjmz) (35% compared with 18% in
samples 1 and 3, P=0.006). Sample 1 had the lowest
olanzapine and clozapine prescription (11 and 8%,
respectively, compared with 16 and 14% in sample 2,
respectively, and 12 and 9% in sample 3, respectively,
P=0.001) as well as the shortest treatment duration
(6 months) compared with samples 2 and 3 (27 and
36 months, respectively). Supplementary Tables S6
(Supplemental digital content 1, dup:f/links.fww.com/FPC/
A990) and S7 (Supplemental digital content 1, Atp://links.
fww.com/FPCIN990) show the characteristics of the com-
bined cohort stratified by sex and by FEND patients,
respectively. Men were younger than women (median:
40 vs. 49 years, respectively, P=0.0001) and had higher
BMI at bascline (24.6 vs. 24.1 kg/m? in men and women,
respectively, £=0.004). Besides, treatment duration was
longer for men than women (9 months compared with
6 months, respectively, P=0.05) (Supplementary Table
S6, Supplemental digital content 1, Aup:/llinks.tew.com/
FPCIA990).

Genetic analysis

Genotype analysis

Supplementary ‘Tables S1 and S2 (Supplemental digital
content 1, Aup:fflinksfww.com/lFPCIA990) list the 32 and
20 SNPs from GWAS and CG studics, respectvely,
analyzed in the psychiatric samples. All of them were in
HWE after multple test correction (Peypecred < 0.001),
Thirty-two previously reported SNPs associated with
BMI in the general population [31] were analyzed in
sample 1. One SNP located in CADMZ gene showed a
nominal association with BMI over time (P=0.01)
(Table 2). At 12 months of treatment, the rs13078807
polymorphism showed a 1.04 BMI units increase per
addirional risk allele. Twenty other SNPs were selected
from CG studies associated with psychotropic-induced
weight gain and two of them (i.c. HSD71f1 1s3753519
and CR7TCZ rs8450) showed an association with BMI
(difference  of predicted BMI of —2.35 units for
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Table 1 Description of demographic and clinical psychiatric White
samples
Combined
Sample 1 Sample 2 Sample 3 sample
Characteristics (n=425) (n=148) (n=177) (n=750)
Male (%) 43 55 62 50
Age [median (range)] 51 42 42 45
(years) (13-97) (19-64) (18-69) (13-97)
Diagnosis (%)
Psychotic disorders 286 245 9.0 314
Schizoaffective 73 170 1241 103
disorders.
Bipolar disorders 188 347 168 215
Depression disorders 16.4 170 127 15.7
Other diagnosis 289 68 145 21.2
Initial BMI status (kg/m?)*
BMI [median (range)] 23 25 24 24
(13-44) (15-46) (16-46) (13-46)
25 = initial BMI <30 22 37 31 28
(36)
Initial BMI =30 (%) 13 16 16 14
Current BMI status (kg/m?)®
BMI [median (range)] 25 28 25 26
(15-50) (16-40) (17-43) (15-50)
25 > current 25 38 29 27
BMI < 30 (%)
Current BMI> 30 (%) 18 35 18 21
Initial WC (em)*
WC [median (range)] 87 - - 87
(54-138) (54-138)
High WC > 94 (male), 41 - - 41
> 88 (female) (%)
Current WC (cm)®
WC [median (range)] 93 - 92 90
(57-162) (73-136) (57-162)
High WC > 94 (male), 51 - 53 51
=88 (female) (%)
Initial lipid status (%)"
High LDL cholesterol® 9 - - 9
High triglycerides® 18 - - 18
Low HDL cholesterol® 23 - - 23
Current lipid status (%6)"
High LDL cholesterol® 15 - - 15
High triglycerides® 28 - - 28
Low HDL cholesterol® 26 26 17 26
Smoker (%b) 46 59 76 56
Prescribed psychotropic drug (%)’
Amisulpride 8 - 11 7
Aripiprazole 8 - 7 6
Clozapine 8 14 9 9
Olanzapine 11 16 12 12
Quetiapine 35 20 24 29
Risperidone 15 17 17 16
Lithium 8 20 12 1
Valproate 5 14 8 8
Treatment duration 6 27 36 12
[median (range)] (1-12) (3-333) (1-390) (1-390)
{months)

WC, waist circumference; -, missing clinical values or obtained in nonfasting
conditions.

“Before the current psychotropic treatment.

"For samples 2 and 3: current observation; for sample 1: last observed data.
“High LDL cholesterol: = 4.1 mmol/l.

“High triglycerides: > 2.2 mmol/l.

“Low HDL cholesterol: <1 mmol/l.

29 of the sample 1 was under paliperidone treatment.

13753519 at 12 months of treatment between patients
homozygous for the variant allele and wild types and 0.69
units of BMI increase per additional risk allele for rs8450
(2=0.00001, 0.04, respectively; Table 2).

Genetic risk score analysis

On combining all 32 GWAS SNPs in a w-GRS (w-GRS
32), the score was significantly associated with BMI in
sample 1 (£=0.009), in sample 3 (P=0.04), and also in
the three combined samples (P=0.002) (see Table 3). In
sample 1, those at the p95 of the GRS (i.c. a high GRS)
had 2.26 units more of predicted BMI when compared
with those individuals at the p5 of the GRS (low GRS) at
12 months of treatment. Results were similar in sample 3
and when all samples were combined together at 24 and
12 months of treatment (difference of predicted BMI
between p95 and p5 of the GRS: 2.99 and 1.89 unirs,
respectively). A higher effect on BMI was found among
men when analyses were stratified by sex in the com-
bined sample (interaction sex X GRS, P <0.10): indivi-
duals at the p95 score had 2.91 units more of predicted
BMI compared with individuals at the p5 score at
24 months of treatment (£=0.0002). For the subgroup of
FEND patents, a difference of predicted BMI of 3.79
units was observed between individuals at the p95 and
p5 of the GRS (P=0.008) ('T'able 3). Figure 1 shows the
evolution of BMI (nonadjusted) over time between
extreme percentiles [low genetic risk (p5) vs. high
genetic risk (p95)]. In addidon, predicted BMI differ-
ences berween pl0 and p90 extremes are presented in
Supplementary Table S8 (Supplemental digital content
1, http:fllinks.faw.com{FPCIA990) and Supplementary Fig,
S2 (Supplemental digital content 2, Aup:/llinks.tew.com/
FPCIA991).

When pooling all samples together, 1 unit increase of the
risk allele at 24 months of treatment in the GRS was
associated with an increase in BMI of 0.19 units
(£=0.011). Among men, this increase in BMI was of 0.30
units (2=0.0001), whereas in women it was of 0.08
(P=0.38).

In contrast to what we found with GWAS SNPs, when
the 20 CG SNPs were combined in a w-GRS (w-GRS
20), no association with BMI was observed in the
entire sample (P=0.46) (Supplementary Table S9,
Supplemental digital content 1, Aup://links.fww.com/FPC/
A990).

Finally, the 20 CG SNPs were combined with the 32
GWAS SNPs in  another w-GRS (w-GRS 52)
(Supplementary Table S10, Supplemental digital content
1, hupfllinks.fow.com{IFPCIA990). w-GRS 52 was sig-
nificantly associated with BMI in sample 1 (7=0.01),
sample 3 (P=0.04), and when combining all samples
(P=0.001). Only a trend was observed in samples 2 and 3
when pooled together (P=0.06). Thus, an individual in
the p95 score had 2.08, 2.79, and 1.94 more predicted
units of BMI in sample 1 (12 months of treatment), in
sample 3 (24 months of treatment), and in all samples
combined together (12 months of treatment) compared
with individuals at the p5 of the score, respectively.
When analyses were stratificd by sex, a significant effect
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Table 2 Significant results obtained from individual single
sample 1 at baseline and at 12 months of follow-up treatment

polyr with body mass index in the psychiatric

Difference of predicted BMI per risk allele increase (95% Cl)

Nearest genes SNP Major/minor allele At baseline At 12 months of treatment P-value
CADM2 rs13078807 A>G 0.93 (0.89-1.97) 1.04 (=0.14-2.22) 0.01*
HSD11p1 83753519" C>T -2.11 (-3.22 to —1.00) —235 (~3.60 to —1.10) 0.00001
CRTC2 rs8450 G>A 0.62 (0.28-1.62) 0.69 (—0.44-1.83) 0.04*
Bold values: significant at P<0.05,

Predicted differences of BMI were calculated for polymorphi that st i significant results (P <0.05),

Cl, confidence interval; SNP, single

“A dominant model was used for this SNP (carriers of the variant allele were compared with the wild type).

*Not sig after B s
Table 3 Weighted genetic risk score iation with body mass index obtained from 32 G Wide A iation Studies single-
BMI difference between GRS p95 and GRS p5 (95% CI)

n At baseline At 12 months At 24 months P-value
Sample 1° 425 2.01 (0.52-351) 2.26 (0.48-4.04) - 0.009
Sample 2" 148 -051 (—-3.02-2.00) —0.61 (~3.61-240) —0.73 (-4.67-3.22) 0.7
Sample 3° 177 2.54 (0.26-4.81) 2.76 (0.23-5.27) 2.99 (—0.01-6.00) 0.04
Samples 2 and 3" 325 1.43 (-0.27-3.13) 1.61 (—0.33-3.56) 1.82 (—0.59-4.24) 0.1
All samples combined 750 1.68 (0.66-2.72) 1.89 (0.71-3.06) S 0.002
FEND patients® 116 3.29 (0.79-5.78) 3.79 (0.88-6.71) - 0.008
Men 375 2.59 (1.45-3.74) 2.91 (1.06-4.22) = 0.0002
Women 375 0.76 (~0.55-2.06) 0.84 (-063-2.32) - 03

Bold values: significant at P<0.05.

Cl, confidence interval; FEND, first episode and newly diagnosed; GRS, genetic
“Follow-up to 12 months of treatment.

“Follow-up to 24 months of treatment.

Fig. 1
50 q GRS extremes
& o 5% GRS
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Evolution of BMI over time between genetic risk score (GRS) extreme
percentiles. Boxplots show the median values of BMI for each time of
the treatment duration (solid horizontal line), 25th and 75th percentile
values (box outline), the lowest and upper value within 1.5 interquartile
range (whiskers), and outlier values (open circles). Values given in
parentheses correspond to number of individuals,

was found among men at the p95 of the score, who
showed 3.09 more units of predicted BMI compared with
men at the p5 (P=0.0001). FEND patients who were at
the top percentile (p95) also had 3.66 more units of

risk score; pS, percentile 8 of GRS; p95, percentile 95 of GRS.

predicted BMI compared with patients at the p3 of the
GRS (P=0.01).

GLMM according to different quartiles showed sig-
nificant differences between individuals within the third
and fourth quartile of the GRS compared with the first
quartile. At 24 months of treatment, those at the third and
fourth quartiles had 1.84 (0.40-3.29) and 1.91 (0.51-3.32)
more units of predicted BMI compared with the first
quartile, respectively (results not shown). Table 4 shows
the characteristics for the four groups stratified by GRS
quartiles. Those at the fourth quartile had higher BMI
before starting and during the current psychotropic
treatment (baseline and current median BMI: 25.1 and
25.9 kg/m?, respectively) compared with the first quartile
(baseline and current median BMI: 23.2 and 24.3 kg/m?,
respectively), which could possibly be explained by the
interaction between genetics, previous psychiatric epi-
sodes, and/or psychotropic treatments. The prevalence of
baseline overweight and obesity increased in higher
quartiles (i.c. 48% in the fourth quartile vs. 30% in the
first quartile, 2= 0.007). No differences in age, treatment,
treatment duration, high waist circumference prevalence,
diagnostic, and FEND individuals distribution were
observed  between the different  quartile  groups
(Table 4).

Finally, on comparing the distribution of genertic scores
without adjusting by other covariates, no differences
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Table 4 Description of four quartiles of genetic risk score for 32 single-nucleotide polymorphism in the combined sample

GRS (n) 1st quartile (192) 2nd quartile (170) 3rd quartile (186) 4th quartile (202) P-value
Score [mean (SD)) 0.87 (0.08) 0.97 (0.02) 1.05 (0.02) 1.16 (0.07) 0.0001
Men (%) 47 55 44 53 0.1
Age [median (range)] (years) 47 (17-96) 47 (13-90) 48 (14-97) 48 (15-93) 09
Initial BMI [median (range)] (kglm’)' 23.2 (13-46) 24.6 (15-39) 25.1 (16-46) 25.1 (14-39) 0.0005
Current BMI [median (range)) (kg/m?)® 24.3 (16-40) 25.2 (15-40) 25.9 (16-50) 25.9 (17-41) 0.04
First episode and newly diagnosed patients (%) 13 15 16 17 06
Treatment prescription

Ami, Ani, Li, Quet, Risp 74 70 7 67 06

Clo, Olan, Valp 26 30 29 33
T juration [median (range)] ( hs) 6 (1-23) 3(1-21) 3(1-24) 3 (1-24) 0.9
High WC (294 cm men, 88 cm women) (%) 40 47 49 53 0.2
Diagnostic (%)

Psychotic disorders 42 42 38 46 06

Bipolar disorders 21 22 21 21

Depression disorders 17 15 17 14

Bold values: significant at P<0.05.

Ami, amisulpride; An, aripiprazole; Clo, clozapine; GRS, genetic risk score; Li, lithium; Olan, olanzapine; Quet, quetiapine; Risp, risperidone; Valp, valproate; WC, waist

circumference,
"Before the current psychotropic treatment.
“Last observed data.

were found between men and women (Supplementary
T'able S6, Supplemental digital content 1, Aup:f/links.fww.
com[FPCIA990) or FEND patients (Supplementary Table
S7, Supplemental digital content 1, Atp://links.lww.com/
FPCIA990).

Genetic risk scores and Genome-Wide Association
Studies genes for psychiatric diseases and diabetes
T'he SNPs sclected from GWAS associated with psy-
chiatric diseases (i.e. schizophrenia, bipolar disorder,
major depressive disorder, autism, and hyperattention
deficit) and diabetes were combined in two different
w-GRS and tested for association with BMI. No sig-
nificant results were found (results not shown).

Explained variability

We calculated the BMI variability explained by the
clinical and genetic covariates in sample 1 for individuals
ranging in age from 18 to 65 vears (#=263). Thus, in our
model, the genetic component considering the w-GRS 32
explained 1.97% of BMI variability, whereas nongenetic
components such as age, sex, and treatment explained
2.23, 0.42, and 0.6%, respectively, out of the total 7.01%
BMI variability explained by the model. Finally, the
BMI-explained variance of the 52 SNPs (32 SNPs added
to the 20 SNPs) was 1.99%, whereas the important clin-
ical variables known to influence weight (age, sex,
treatment) represented altogether 3.15% of the BMI
variability.

Discussion

In the present study, we found that w-GRS built from 32
polymorphisms previously associated with BMI in the
general population GWAS were also significantly asso-
ciated with BMI in our sample 1, being replicated in
another sample. The stronger effects were found among
men and FEND patients. Some studies have replicated
the association of the 32-SNPs GRS with BMI and

obesity-related genotypes in different cohorts and eth-
nicities [32-34]. Two cross-sectional studies using a
Mendelian  randomization approach [42] and a
case—control design [43] replicated the association of
w-GRS in depressed patients. However, type of treat-
ment, treatment duration, or BMI variation over time
were not taken into account, whereas BMI at baseline
and treatment duration are known moderators of weight
gain in populations under psychotropic treatment [9].
Moreover, the number of patients treated was not
described in the previous studies. The present study, in
contrast, includes longitudinal data considering long
treatment duration (i.c. analysis has been carried out up
to 24 months), type of treatment, and other diagnostics in
addition to depression. Explained BMI variability by
GRS when including 32-SNPs GWAS GRS in our model
was slightly higher than that reported initally in general
population cohorts in the literature (1.45%) [31] or that
found in French and Chinese general populations (1 and
0.90%, respectively). It is noteworthy that addition of the
20 CG in the model did not improve the explained BMI
variability (1.97 vs. 1.99%). The effect on BMI per risk
allele increase of the 32-SNPs GWAS GRS was similar to
those reported previously (0.11 [32] and 0.13 [34]) when
considering both sexes together. However, higher BMI
increase per risk allele was found among men.

Individual SNP analyses showed few significant effects
in sample 1. Only one GWAS SNP (rs13078807) located
in the CADM2 gene region was nominally associated with
BMI. CADM?2 has been associated previously with obe-
sity in Whites and other ethnicities [31,63,64]. Among
the CG polymorphisms, two SNPs (HSD/711 rs3753519
and CRTC2 rs8450) were associated with BMI in sample
1; however, rs8450 did not survive Bonferroni's correc-
tion. In addition to weight gain association in psychiatric
samples [16], HSD11/1 has been associated with merta-
bolic syndrome in a gencral population [14] and CRTCZ
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has been associated with type 2 diabetes in Asian
populations [65]. CRTC2 is a coactivator that binds to
CREB and stimulates the expression of PEPCK and
G6Pase and this increases hepatic  gluconeogenesis
through dephosphorylation [17,66]. In addition, a dele-
ton of CRT'C2 impairs the expression of the gluconeo-
genic genes and the ability of glucagon to stimulate
glucose production in hepatocytes [67]. 'The HSD11p1
gene codes for a microsomal enzyme-catalyzing tssue
regeneration of active cortisol from the inactive form
cortisone [68]. Tt is highly expressed in merabolic tissues
such as the liver and adipose tissue. Increased plasma
cortisol levels have been associated with visceral obesity
and metabolic syndrome. An overexpression of this gene
has been associated with hyperphagia and obesity in mice
[69,70].

The stronger effects observed when combining all SNPs
in a w-GRS could be explained by the fact that common
variants individually have little effect on BMI and very
large sample sizes arc needed to detect small effects.
Thus, when integrating many small variant effects in a
w-GRS, the consistency and the power to detect these
effects increase, even in smaller sample sizes [35]. In
addition, the BMI explained variability in the entire
model was 7.01%, with 1.97% of it corresponding to the
w-GRS. It is noteworthy that although this is not a high
percentage, it represents 28% of the total BMI variability
explained by the model. The present study is in the same
line as a very recently published study on GWAS meta-
analysis of large population data-sers (>300 000 indivi-
duals) where the genetic component (i.e. w-GRS)
explained up t 2.7% of BMI variability [30].

The w-GRS 32 SNPs could not be replicated in sample 2.
This might be tentatively explained by the fact that BMI
and overweight prevalence at baseline were the highest
among the three samples. LLow BMI at baseline has been
described as a risk factor for gaining weight [71]. In the
same line, when analyzing the 20 CG variants previously
associated with antipsychotic-induced weight gain in a
w-GRS, no significant association was observed between
the w-GRS and BMI. SNPs from CG studies that were
selected included very heterogeneous studies, with small
sample sizes and with different ethnicities, treatment,
and treatment durations (see Supplementary Table S2,
Supplemental digital content 1, Ap://links.fow.com/F PC/
A990), which could explain the nonsignificant results in
our psychiatric samples. In addition, some very promising
variants (i.e. 5H75¢ receptor) could not be included in our
w-GRS model as the allele effect (f-cocfficient) calcula-
tion was not available, but on calculating unweighted
GRS (in which this variant was included), the results did
not change significantly (#=0.22). Finally, an a-priori use
of an additive model for the effect of all variants could
have contributed toward the negative findings.

Association of GRS with BMI Saigi-Morgui et al. 215

We also found significant cffects for the w-GRS 32
among FEND patients who had lower BMI and obesity
prevalence at baseline and shorter treatment duration
compared with others. This is in agreement with previous
studies showing that low baseline BMI and first-episode
patients are known risk factors for important weighr gain
during psychotropic drug treatment [9]. To our knowl-
edge, this is the first study reporting a stronger effect in
men when analyzing the influence of genetic scores on
BMI despite the fact that sex differences in far storage
and mertabolism have already been described [72]. This
emphasizes the need to consider sex when studying
obesity-related phenotypes such as BMIL In the present
study, men were, on average, younger and had longer
treatment duration compared with women, which could
contribute toward the observed sex effect as both young
age and treatment duration are known risk factors for
important weight gain [9]. It is noteworthy that when
calculating GRS and sex interaction, a trend was
observed when all three samples were  combined
(P=0.09, #=750). Because of the exploratory nature of
these findings, further analysis including sex stratification
should be carried out in larger psychiatric cohorts.

Finally, no association was found with BMI of GRS built
from SNPs obtained from psychiatric disorders and dia-
betes GWAS. Although obesity, type 2 diabetes, and
psychiatric disorders are known to share common etio-
logical pathways [8], these results could be considered as
negative controls as we only obtained significant
BMI-GRS association results when we combined pre-
viously BMI-related SNPs.

This study has some limitations that should be men-
tioned: weighted scores were calculated from f-coeffi-
cients obtained from general population samples and the
relative influence of these genes mighe differ in psy-
chiatric patients. Other factors influencing weight gain,
such as previous treatment history, were not reported.
This study has been carried out in Whites; therefore,
these results cannot be extrapolated to other ethnicities.
Variants included in the genetic score model should be
consistent with their effects (i.e. tested in large sample
sizes and replicated effects). Finally, the 95% CI suggests
that the genetic effect is variable within the groups and
sample size should increase to narrow 95% CI and
improve outcome precision.

In conclusion, the present study replicated in psychiatric
cohorts previously identified BMI risk variants obtained
in GWAS analyses from population-based samples. GRS
can be a useful tool to integrate multiple variants with
low impact, which, when tested individually, do not show
any significant effect. This approach can contribute
toward a better understanding of the genetic variability of
polygenic obesity in psychiatric patients and our results
suggest that particular carc should be rtaken in sex-
specific analyses when working with GRS. Thus, the
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clinical utility of the w-GRS in obesity-related traits
needs to be explored further in prospective studies,
especially among populations at high risk of developing
metabolic disorders.
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Background: Psychiatric disorders have been hypothesized to share common etiological pathways with
obesity, suggesting related neurobiological bases. We aimed to examine whether CRTC1 polymorphisms
were associated with major depressive disorder (MDD) and to test the association of these poly-
morphisms with obesity markers in several large case-control samples with MDD.
Methods: The association between CRTCI polymorphisms and MDD was investigated in three case-
control samples with MDD (PsyColaus n,;=3,362, Radiant n,=3,148 and NESDA/NTR n;=4,663). The
effect of CRTCT polymorphisms on obesity markers was then explored.
Results: CRTC1 polymorphisms were not associated with MDD in the three samples. CRTCI
rs6510997C > T was significantly associated with fat mass in the PsyColaus study. In fact, a protective
effect of this polymorphism was found in MDD cases (n=1434, fi=—132%, 95% Cl —2.07 to —0.57,
p < 0.001), but not in controls. In the Radiant study, CRTCI polymorphisms were associated with BMI,
exclusively in individuals with MDD (n=2,138, = —0.75 kg/m?,95% CI - 1.30 to —0.21, p=0.007), while
no association with BMI was found in the NESDA/NTR study.
Limitations: Estimated fat mass using bioimpedance that capture more accurately adiposity was only
present in the PsyColaus sample.
Conclusions: CRTCI polymorphisms seem to play a role with obesity markers in individuals with MDD
rather than non-depressive individuals. Therefore, the weak association previously reported in the po-
pulation-based samples was driven by cases diagnosed with lifetime MDD. However, CRTC1 seems not to
be implicated directly in the development of psychiatric diseases.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Based on a growing body of evidence, it has been hypothesized
that psychiatric disorders, such as schizophrenia and mood disorders,

* Correspondence to: Hopital de Cery, 1008 Prilly, Lausanne, Switzerland,
E-mail address: chin.eapivchuv.ch (CB. Eap).
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have related neurobiological bases (Farmer et al, 2008; Forty et al,
2014). Increased appetite, weight gain and obesity are common
symptoms of depression (Blaine, 2008; Luppino et al,, 2010). On the
other hand, obese individuals were also found to have higher pre-
valence of depression (Luppino et al., 2010). Shared genetic factors
were previously suggested (Afari et al, 2010; Comings et al,, 1996;
Rivera et al., 2012; Samaan et al., 2013), however, due to the patho-
logical complexity of both conditions and the polygenic factors af-
fecting them, many genetic factors are still to unravel. Additionally,
due to heterogeneity of depression, genetic association studies could
give conflicting results. One example is the fat mass and obesity-
associated gene (FTO) for which the common rs9939609-A variant
previously associated with increased body mass index (BMI) and
obesity in several studies (Frayling et al., 2007; Qi et al,, 2008; Scuteri
et al, 2007) was shown to be negatively associated with depression
in a meta-analysis of four large studies (Samaan et al,, 2013). On the
other hand, the same variant was found to be positively associated
with depression in a recent large case-control study (Milaneschi
et al, 2014), but this association was entirely driven by the atypical
depression subtype (subtype characterized typically by increased
appetite, weight gain and hypersomnia).

We previously showed an association between a coding single
nucleotide polymorphism (SNP) within the CREB-regulated tran-
scription coactivator 1 (CRTC1) gene (rs3746266A > G) and BMI in
3 independent psychiatric samples (brief description of these
samples is given in the Supplementary data and is described in
details in ref (Choong et al., 2013)). Carriers of the rs3746266-G
variant showed significantly protective effect against obesity
compared to non-carriers. The sex-stratified analysis in the
3 combined psychiatric samples showed a protective effect for the
G allele both in men and women. However, the strongest and most
clinically relevant association was observed in women younger
than 45 years old. Although the effect was weaker, we also found a
protective effect of the T allele of the CRICI rs6510997C>T
(a proxy of rs3746266A > G, r*=0.7) on fat accumulation in a large
population-based sample (ColLaus), with the strongest association
again in premenopausal women (Choong et al,, 2013),

In animal models, we previously showed that mice lacking
CRTC1 exhibit neurobehavioral endophenotypes related to mood
disorders, depression-related behavior and a blunted behavioral
response to antidepressants (Breuillaud et al., 2012). Crtc1 knock-
out mice also developed obese features, including obesity-related
metabolic complications, under normal diets (Altarejos et al,
2008; Breuillaud et al,, 2009). Altogether, these findings suggest
that the Crtc1 gene might play a common role in obesity and de-
pression-related behavior.

In the present study, we aimed to examine whether CRTC1
SNPs are associated with major depressive disorder (MDD), and to
test the association of CRTC1 SNPs with obesity markers in several
large case-control samples with MDD. The same CRTCT SNPs
(rs3746266A > G and rs6510997C > T) investigated previously
(Choong et al., 2013) were used in the current study.

2. Patients and methods

The associations between CRTCI polymorphisms and obesity
markers were first tested in the PsyCoLaus sample and tested for
replication in the Radiant and NESDA/NTR study. Supplementary
Table S1 presents the main similarities and differences between
these samples.

3. Discovery cohort: CoLaus/PsyCoLaus

Participants aged 35-75 years in this population-based cohort
study (Colaus; n=6,734) were recruited between June 2003 and

May 2006 in Lausanne, Switzerland as previously described (Fir-
mann et al, 2008). The assessments at baseline and at the first
follow-up included cardiovascular risk factors such as BMI, fat
mass, blood pressure, glucose and lipid profiles. In addition, a
genome-wide association study was performed in all Caucasians
(91% of the sample). All participants of ColLaus were asked to also
participate in the psychiatric evaluations (PsyColLaus (Preisig et al,,
2009)), which included the semi-structured Diagnostic Interview
for Genetic Studies (DIGS) (Nurnberger et al., 1994; Preisig et al.,
1999). The assignment of the lifetime diagnosis of MDD and the
subtyping into atypical and non-atypical MDD was performed
according to DSM-IV criteria. Complete physical and psychiatric
data were available for 3354 participants aged 35-65 year-old who
completed the psychiatric evaluation either at the baseline or the
first follow-up (N =3362). 1434 cases of lifetime depression
were compared with 1920 controls with no previous history of
depression. Genotyping for the Colaus/PsyColaus subjects was
performed using the Affymetrix GeneChipR Human Mapping
500K array set. The CRTC1 rs6510997C > T SNP was directly gen-
otyped (Choong et al., 2013). The CRTCI rs7257846T > C, which is
in linkage disequilibrium (LD) with rs3746266A > G (r*=0.93), was
imputed and analyzed (r’hat value was 0.70).

The Institutional Ethics Committee of the University of Lau-
sanne approved the CoLaus and subsequently the PsyCoLaus study.
All participants signed a written informed consent to participate in
the study.

3.1. The radiant study

The Radiant study was founded from three studies: the De-
pression Case-Control (DeCC) study, Depression Network (DeNT)
study and the Genome-Based Therapeutic Drugs for Depression
(GENDEP) study. The DeCC study is a multicentre case-control
study conducted over three investigative sites in UK (London,
Cardiff and Birmingham) (Cohen-Woods et al,, 2009). The DeNT
study is a family-based study that recruited sibling pairs affected
with unipolar depression from eight European clinical sites and
one in the USA (Farmer et al., 2004; McGuffin et al., 2005). Parti-
cipants in the DeCC and DeNT studies were included if they had
lifetime diagnosis of two or more episodes of MDD of at least
moderate severity. Subjects in the GENDEP study were recruited
from nine European centers if they experienced at least one de-
pressive episode of at least moderate severity (Uher et al., 2009),
Diagnosis of MDD was defined as of illness fulfilling ICD-10 and/or
DSM-IV criteria and was ascertained using the Schedules for
Clinical Assessment in Neuropsychiatry (SCAN) interview in all
three studies (Wing et al.,, 1990). Control subjects were recruited
via the Medical Research Council general practice research fra-
mework (Sham et al, 2000). They were screened for lifetime ab-
sence of any psychiatric disorder using a modified version of the
Past History Schedule (McGuffin et al., 1986). Self-reported height
and weight were obtained from participants in the MDD group via
the SCAN interview and from the controls via telephone interview.
The reliability of self-report of height and weight was assessed in
the GENDEP dataset (n=811) where also height and weight were
measured. The correlations for measured versus self-reported
height, weight and BMI were 0.97, 0.95 and 0.95, respectively
(Hung et al., 2014, 2015). All cases and controls were of white
European ancestry. Genotyping for the Radiant subjects was per-
formed using the lllumina HumanHap610-Quad BeadChips by the
Centre National de Génotypage (CNG), Evry, France, as previously
described (Lewis et al, 2010). CRTCI rs3746266A > G was suc-
cessfully imputed using the Beagle Program (BEAGLE Version
3.0 Copyright (¢) 2007-2010 Brian L Browning), with imputation
quality > 0.8. The CRTCI rs2075017T > C, which is in complete
linkage disequilibrium (LD) with the rs6510997C =T, was also
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selected for the association analyses.

Approval was obtained from the local research ethics com-
mittees/institutional research boards of all of the participating
sites. All participants provided written informed consent.

3.2. NESDA/NTR study

This sample consisted of 4663 unrelated participants of Eur-
opean ancestry from the Netherlands Study of Depression and
Anxiety (NESDA) (Penninx et al., 2008) (1636 cases and 425 con-
trols) and from the Netherlands Twin Registry (NTR) (Boomsma
et al., 2006) (132 cases and 2470 controls). The diagnosis of life-
time and/or current MDD according to DSM-IV was ascertained
using the Composite Interview Diagnostic Instrument (WHO
WMH-CIDI, 2015). Weight and height were measured at the study
clinic during the visit for NESDA (Penninx et al., 2008), and during
the home visit for NTR-Biobank (Willemsen et al., 2010). Geno-
typing was performed on multiple chip platforms in (partially
overlapping) different subsets of the total sample (Affymetrix-
Perlegen 5.0, lllumina 370 K, Illumina 660 K, Illumina Omni 1M
and Affymetrix 6.0) and data were imputed using the 1000 Gen-
omes phase 1 INTEGRATED RELEASE version 3 ALL panel (r*hat
value was 0.99 for rs6510997C > T and 0.77 for rs3746266A > G).

The NESDA/NTR study was approved by the Central Ethics
Committee on Research Involving Human Subjects of the VU
University Medical Center, Amsterdam, and all subjects provided
written informed consent.

4. Statistical analysis

For association studies, chi-square (Chi?) or Fisher exact tests
for binomial variables were used. Differences in genotype fre-
quencies as well as deviation from Hardy-Weinberg equilibrium
were assessed using Chi? test. All genetic analyses for CRTC1 SNPs
were performed using a dominant model (wild type vs. variant
allele carriers), the same model used for the previously mentioned
psychiatric samples (Choong et al., 2013).

Multivariable regression analyses were used to test the asso-
ciation between the CRTC1 SNPs and MDD adjusting for age, sex
and BMI. For PsyColaus data, a Generalized Linear Model (GLM)
adjusted for age and sex was used to test the association between
CRTCI rs6510997C > T polymorphism and obesity markers (BMI,
fat mass and waist circumference) using SAS 9.3 version (SAS In-
stitute Inc., Cary, NC, USA). In a first step, we tested for the inter-
action between CRTC1 SNPs and MDD status for an effect on
obesity markers. For the Radiant and NESDA/NTR studies BMI was
the only available obesity marker. For the data of these studies,
linear regression models adjusted for age, sex and principal com-
ponents were used to test the association between CRTCI poly-
morphisms and BMI.

5. Results
5.1. Demographic characteristics of the study samples

General characteristics of the PsyCoLaus sample are presented
in Supplementary Table S2. The Radiant study included 3148
subjects (2338 cases and 810 controls), mean age + standard de-
viation (s.d.) was 43.9 + 12.8 years. Females represent nearly 68%
of the study sample. Mean BMI in the total study sample was
25.9 kg/m? (s.d. 5.4). The NESDA/NTR study included 4663 sub-
jects, mean age +s.d. was 42.7 + 14.0 years. Females represent
nearly 64% of the study sample. Mean BMI in the total study
sample was 25.0 kg/m? (s.d. 4.5).

Table 1
Genotype distribution in the total study samples, among MDD subjects and
controls.

Patients Total N (%) HWE
PsyColLaus

156510997 C>T" (€8 T m

Total 3347 2128 (63.6) 1092 (326) 127 (3.8) 037
MDD cases 1431 912 (63.7) 468 (32.7) 51 (3.6)
Controls 1916 1216 (63.5) 624 (32.6) 76 (3.9)

The radiant study

rs3746266A - G AA AG GG

Total 2842 2173(765) 626(220) 43(15) 078
MDD cases 2142 1637 (764) 468 (21.9) 37 (1.7)
Controls 700 536 (76.5) 158 (22.6) 6(0.9)
rs2075017T > €~ im T (¢

Total 2160 1357 (62.8) 720(33.3) 83 (3.9) 030
MDD cases 1352 849 (62.8)  450(333)  53(3.9)
Controls 808 508 (62.9) 270 (33.4) 30(3.7)
NESDA/NTR study

r$3746266A > G AA AG GG

Total 4663  3235(694) 1306(28.0) 122(26) 047
MDD cases 1768 1234 (69.8) 485 (274) 49 (2.8)
Controls 2895 2001 (69.1)  821(285)  73(25)
rs6510997C~T cc a T

Total 4663 2952 (63.3) 1522 (326) 189(4.1) 068
MDD cases 1768 1124 (636) 567(321) 77 (44)
Controls 2895 1828 (63.1) 955 (33.0) 112(3.9)

MDD: Major depressive disorder, N: number, HWE: Hardy-Weinberg Equilibrium.
* Both SNPs are in complete linkage disequilibrium (r*=1).

5.2. CRTC1 polymorphisms and MDD

Genotype distribution in the overall study samples and among
MDD cases and controls are presented in Table 1. Genotype dis-
tribution did not differ between MDD cases and controls in any of
the three studies (Table 1). Multivariate analyses adjusted for age
and sex confirmed the absence of an association between CRTC1
polymorphisms and MDD in the three studies (data not shown).

5.3. CRTC1 polymorphisms and obesity markers

5.3.1. PsyColaus

CRTC1 rs6510997C =T was significantly associated with fat
mass in the global PsyCoLaus sample (Table 2). We observed in-
teractions between CRTCI rs6510997 C>T and sex (p=0.03) as
well as between this SNP and MDD status (p=0.01) regarding the
fat mass, indicating a significantly stronger effect of this genetic
variant in females and in subjects with MDD. Indeed, this SNP was
significantly associated with lower fat mass in females but not in
males. Similarly, this SNP was significantly associated with lower
fat mass in subjects with MDD but not in controls (Table 2). Ad-
ditionally, the 3-way interaction between CRTC1 rs6510997C =T,
sex and MDD regarding the fat mass was not significant (p=0.54).
In females, we did not find an interaction between the CRTC1
rs6510997C > T SNP and menopausal status and among depressed
subjects there was no interaction between this SNP and the aty-
pical depression subtype to affect the fat mass. Regarding the BMI
and waist circumference there was no evidence of an interaction
between CRTC1 rs6510997C > T and sex or MDD status and the SNP
was not associated with these obesity markers (Table 2).

No difference on the associations between CRTCI rs6510997C > T
and fat mass was noticed by adjusting the GLM model for other
available co-variables that could affect the gene association with
obesity markers, like socioeconomic status, drug dependence, alcohol
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Table 2
Association between CRTCI rs6510997C = T polymorphism and fat mass, BMI and waist circumference in the PsyCoLaus sample, among sex-stratified and MDD subjects and
controls.
Fat mass™" BMI Waist circumference’
n Estimates (95% C.1.) p-Value Estimates (95% C.1.) p-Value Estimates (95% C.1.) p-Value
All subjects 3362 —0.66 (- 1.28 to —0.04) 0.04 —0.28 (- 060 to 0.04) 0.09 —0.70 (- 1.64 10 0.24) 0.14
Males 1576 —0.03 (-0.56 to 0.51) 0.92
Females 1786 —~1.08 (- 181 to —0.34) 0.004
Subjects with MDD 1434 132(-207to -057) < 0.001
Controls 1920 ~0.01 (-0.60 to 0.57) 0.97

Models were adjusted for age and sex (when appropriate).
BMI: body mass index, C.L.: confidence interval, MDD: Major depressive disorder.

* CRTC1 rs6510997C > T and MDD status interaction regarding fat mass: p=0.014.

® CRTCI rs6510997C > T and sex interaction regarding fat mass: estimate: p=0.026.
© CRTCI rs6510997C > T and MDD status and/or sex interactions regarding BMI and waist circumference: p > 0.05.

consumption, former and current tobacco consumer (Supplementary
Table $3). Nearly the same associations with obesity markers were
observed in PsyCoLaus for CRTCI rs7257846T = C (in strong LD with
153746266A > G, r*=0.93)(Supplementary Table 54).

5.3.2. The radiant and NESDA/NTR studies

The CRTC1 rs3746266A = G SNP was associated with BMI in the
total Radiant sample and exclusively in females (Table 3). By
stratifying MDD cases and controls, the protective effect of the
rs3746266G-allele was only observed in MDD cases, while no as-
sociation was observed in controls. A weak association was ob-
served between CRTC1 rs2075017T = C (in complete LD with the
1s6510997C > T) and BMI in the Radiant sample (Table 3). Re-
garding the NESDA/NTR study, CRTCI SNPs were not associated
with BMI (Table 4).

6. Discussion

We previously showed a protective effect of the variant CRTCI
rs3746266G-allele on increased BMI in three independent psy-
chiatric samples (Choong et al., 2013). The same protective effect
was also observed in a population-based sample (CoLaus) between
the rs6510997T-allele (in a strong LD with the rs3746266G-allele)

Table 3
Association between CRTC! polymorphisms and BMI in the total, sex-stratified
sample and in depressive cases and controls of the Radiant study sample.

rs3746266A - G’ rs2075017T = ¢°

n Estimates (95% p n Estimates (95% p

cL) cl)

All subjects” 2822 -067(-113 0004 2136 -050(-095 0.03
1o -021) to - 0.05)

Male 909 -038(-105 028 713 -025(-093 046
t0 0.30) to 0.42)

Female 1916 -079(-138 0008 1424 -062(-120 004
to -0.21) to -0.04)

Subjects with 2138 -075(-130 0.007 1346 -059(-120 0.06

MDD 0 -021) 10 0.02)

Controls 684 -041(-120 032 790 -032(-095 032

to 0.39) t0 0.31)

Model were adjusted for age and sex (when appropriate) and principal components
C.L.: confidence interval, MDD: Major depressive disorder

* CRTC1 rs3746266A = G and MDD status and/or sex interactions regarding BMI:
p=0.05.

 CRTCI rs2075017T > € and MDD status and/or sex interactions regarding BMI:
p=>0.05.

€ Available subjects with clinical and genetic data.

Table 4
Association between CRTC! polymorphisms and BMI in the total, sex-stratified
sample and in depressive cases and controls of the NESDA/NTR study sample.

rs3746266A -~ G rs6510997C =T

n Estimates (SE) p Estimates (SE) p

All subjects 4663 -0047(0.130) 073 0014 (0130) 091
Male 1676 0.072(0202) 072 -0053(0193) 078
Female 2987 -0.21(0179) 050 0046 (0.172) 079
Subjects with MDD 1768 0038 (0.256)  0.88 0.166 (0.245) 050
Controls 2895 —0.076 (0150) 061 —0.054(0.144) 071

Model were adjusted for age and sex (when appropriate) and principal components.
SE: standard error, MDD: Major depressive disorder.

and fat mass. However, the effect of the SNP was weaker compared
to the psychiatric samples (Choong et al., 2013). In the present
study, we were able to show in the psychiatrically evaluated
sub-sample of Colaus (PsyColaus) that the effect of CRTC1
rs6510997C > T on fat mass was restricted to subjects with a life-
time history of MDD, In these subjects, the CRTC1 rs6510997T-allele
showed a significant protective effect for the fat mass. Although
there was no significant interaction between the CRTCI SNPs and
MDD, similar trend regarding the BMI was observed in the Radiant
sample (no fat mass data available in this sample), which included
more severe treated cases with lifetime recurrent depression. The
CRTC1 rs3746266A > G SNP only reached the level of statistical
significance in MDD cases. However, these results could not be
replicated in a third case-control sample with lifetime depression,
the NESDA/NTR study.

CRTCI rs6510997C > T was associated with fat mass exclusively
among depressive cases but not unaffected individuals in the
PsyCoLaus sample. This association in depressed subjects did not
differ in function of the depression subtypes (atypical versus
others). Such an association with the BMI was not observed in the
whole PsyColaus sample, but CRTCI SNPs were associated with
BMI in the Radiant study. BMI may less accurately capture adip-
osity than estimated fat mass using bioimpedance (Marques-Vidal
et al, 2009; Prentice and Jebb, 2001). Using the whole Colaus
sample, previous work established that fat mass enables capture of
3 times more subjects with high cardiovascular risk than BMI
(Marques-Vidal et al., 2009) and we also showed that this sample
is better powered to detect an association of the rs6510997C > T
SNP with fat mass than with BMI (Choong et al., 2013). In the
psychiatric samples, based on subjects at high risk of metabolic
abnormalities because of the disorder and of the psychotropic
medications, an association between CRTC1 SNPs and BMI could be
observed (Choong et al, 2013). Accordingly, the association
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between CRTCI SNPs and BMI observed in the Radiant study could
be explained by the higher degree of severity of the disorder in
this sample compared to that in the PsyCoLaus. Interestingly, post
hoc analysis also revealed a significant protective effect of the
CRTCI rs6510997C >T SNP on BMI and waist circumference in
PsyColaus subjects with MDD (but not in the overall sample)
which would be in line with our hypothesis that the impact of
CRTC1 variants on adiposity markers is restricted to affected
subjects.

CRTC1 SNPs were associated with obesity markers in both
PsyCoLaus and Radiant studies, but the association was attribu-
table to MDD cases. On the other hand, CRTC1 SNPs were not as-
sociated with BMI in the NESDA/NTR study, neither in the whole
sample, nor in the stratified MDD case-control analyses. Pre-
viously, PsyColLaus and DeCC (from the Radiant study) samples
detected a protective effect of the FTO rs9939609-A variant on
MDD (Samaan et al., 2013), while in the NESDA/NTR study the SNP
was positively associated with MDD, especially in the atypical
depression subtype (Milaneschi et al.. 2014). Therefore, an incon-
sistency was already observed before for these studies which
could be partly explained by the heterogeneity of depression in
genetic association studies.

Obesity results from an imbalance between energy intake and
energy expenditure, Recent studies have shown that mice lacking
the Crtcl gene eat more and have less energy expenditure than
wild-type mice, thus developing an obese feature, including obe-
sity-related metabolic complications, under normal diets (Altar-
ejos et al., 2008; Breuillaud et al., 2009), These results suggest that
CRTC1 is playing a major role in the hypothalamic control of food
intake. CRTC1 is mainly expressed in the brain (Altarejos et al,
2008; Breuillaud et al., 2009; Conkright et al., 2003; Kovacs et al.,
2007; Wu et al, 2006) where it may modulate leptin anorexic
effect in the hypothalamus. In the cell, the inactive phosphorylated
form of CRTC1 is sequestered in the cytoplasm, and its migration
to the nucleus requires the concomitant activation of the phos-
phatase calcineurin and the inactivation of kinases of the 5’ ade-
nosine monophosphate-activated protein kinase (AMPK) family
(Altarejos and Montminy, 2011). Interestingly, psychotropic drugs
may increase weight by selective and potent stimulation of hy-
pothalamic AMPK (Minokoshi et al., 2004) which has been shown
to regulate food intake and reverse the actions of the anorexigenic
hormone leptin (Kim et al., 2007),

In the PsyCoLaus sample, an interaction between CRTCI SNP
and sex was observed regarding the fat mass and the protective
effect of the SNP was mainly observed in females from the global
sample, The same protective effect of CRTC1 SNP on BMI was also
observed in females from the global Radiant sample. This is in line
with our previous results in the psychiatric and Colaus samples
(Choong et al., 2013). This stronger association found in females
compared to males could be caused by a differential role of the
leptin mediating satiety pathway in the enhancement of CRTC1
activity. Women have much higher leptin levels than men (Ro-
senbaum et al,, 1996) and female sex was found to predict stronger
weight gain during psychotropic treatment (Gebhardt et al., 2009).
A hypothetical mechanism of the effect of CRTC1 and its interac-
tion with sex hormones was published previously (Choong et al.,
2013). Additionally, a meta-analysis of GWAS reported an asso-
ciation of an intronic SNP of CRTC1 (rs10423674A > C) with the age
of menarche (Elks et al., 2010), supporting a potential interaction
between sex hormones and CRTC1.

The CRTC1 SNPs were not associated with depression in our
three MDD case-control studies. Animal models lacking the Crtcl
gene showed behavioral abnormalities and depression-related
behavior (Breuillaud et al., 2012), but this finding could not be
translated in our study. However, the functional activities of these

SNPs in humans are still unknown and possibly the complete ab-
sence of the CRTCI gene could lead to the observed behavioral
disturbances in animal models, which is probably not the case for
effect of the tested SNPs on CRTC1 expression. On the other hand,
the observed effect of the CRTC1 SNPs on obesity markers was
uniquely detected in subjects with MDD. The lack of association
between CRTCI SNPs and obesity markers in controls from the
PsyColaus and the Radiant samples explains the weak association
previously found in the population-based sample (Choong et al.,
2013). It also confirms our hypothesis in which psychiatric illness
and/or treatment with potentially weight gain-inducing psycho-
tropic drugs could play a role in genetically mediated energy
homeostasis and that the effect of CRTCI variations on obesity
markers was unmasked in this group of subjects. Interestingly, a
study in animal models (Mastronardi et al., 2011) showed that rats
exposed to a high-fat diet after stress and treatment for a short
period with antidepressants, to have more body weight and size
from 17 to 22 weeks following antidepressant discontinuation
compared to rats with the same conditions but treated with saline
(Mastronardi et al,, 2011). These findings support our concept of
persistent, long-term effects of pharmacological-environment in-
teractions on body weight regulation, even if the exposure to these
medications was in any period in their lifetime.

This study has several limitations. Estimated fat mass using
bioimpedance was only measured in the PsyCoLaus sample while
only BMI was the only adiposity marker measured in the replica-
tion samples. Additionally, height and weight were self-reported
in the Radiant study, which might influence the accuracy of BMI
measurements in this sample, although the reliability of self-re-
port of height and weight was assessed in the GENDEP dataset.
Psychotropic medications were not available in the Radiant sam-
ple, therefore, associations between CRTCI SNPs and BMI in trea-
ted vs. untreated cases could not be calculated. Both CRTCT SNPs
(rs6510997C > T and rs3746266A > G) were not always available in
our three case-control samples; however, SNPs with nearly com-
plete LD (r” > 0.9) were selected and used as proxies, and results
from these proxies could be generalized to our 2 CRTCI SNPs
(meaning that the genotype present at one locus of the SNPs in LD
is independent of the genotype at the second locus, both SNPs
having the same allele frequency and could represent each other).
On the other hand, SNPs were not always directly genotyped and
different imputation methods with different imputation qualities
were used which can potentially influence the results on the as-
sociations between different imputated CRTCI SNPs and obesity
markers in our studies.

In conclusion, we showed in this study that CRTCI poly-
morphisms play no role in obesity markers in the general popu-
lation and that the weak effect previously reported was driven by
cases diagnosed with lifetime MDD. CRTC1 seems to play an im-
portant role in the high prevalence of overweight and obesity
specifically in psychiatric samples, a population at risk of devel-
oping obesity because of the disease itself and/or the medications.
However, CRTCI seems not to be implicated directly in the de-
velopment of psychiatric diseases.
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Prediction of early weight gain during psychotropic treatment
using a combinatorial model with clinical and genetic markers
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Background Psychotropic drugs can induce significant
(>5%) weight gain (WG) already after 1 month of treatment,
which is a good predictor for major WG at 3 and 12 months.
The large interindividual variability of drug-induced WG can
be explained in part by genetic and clinical factors.

Aim The aim of this study was to determine whether
extensive analysis of genes, in addition to clinical factors,
can improve prediction of patients at risk for more than 5%
WG at 1 month of treatment.

Methods Data were obtained from a 1-year naturalistic
longitudinal study, with weight monitoring during weight-

that six patients must be genotyped to avoid one
misclassified patient. The validity of the final model was
confirmed in a replication cohort. Patients predicted before
treatment as having more than 5% WG after 1 month of
treatment had 4.4% more WG over 1 year than patients
predicted to have up to 5% WG (P < 0.0001).

Conclusion These results may help to implement genetic
testing before starting psychotropic drug treatment to
identify patients at risk of important WG. Pharmacogenetics
and Genomics 00:000-000 Copyright © 2016

Wolters Kluwer Health, Inc. All rights reserved.
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inducing psychotropic treatment. A total of 248 Caucasian
psychiatric patients, with at least baseline and 1-month
weight measures, and with compliance ascertained were
included. Results were tested for replication in a second
cohort including 32 patients.

Results Age and baseline BMI were associated
significantly with strong WG. The area under the curve
(AUC) of the final model including genetic (18 genes) and
clinical variables was significantly greater than that of the
model including clinical variables only (AUC;n,: 0.92,

AUC jinicar: 0.75, P < 0.0001). Predicted accuracy increased
by 17% with genetic markers (Accuracyy,,: 87%), indicating

Introduction

Overweight and obesity are major public health problems
of the current decade, with a prevalence of obesity (BMI
> 30 kg/m®) in the general population ranging from 20 to
23% in Europe [1] and reaching 35% in the US [2]. In the

psychiatric population, an even higher prevalence of

obesity is reported, reaching 49 and 55% for bipolar and
schizophrenic patients, respectively [3]. In line with
obesity-related problems, the psychiatric population have
a quadrupled and doubled incidence of type 2 diabetes
mellitus ((T2DM) and hypertension, respectively, com-
pared with healchy controls [4].
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metabolic disorders can be explained, in addition to the
effects of the psychiatric illness itself, by the use of
psychotropic drugs such as most atypical and also some
classical antipsychotics, mood stabilizers (e.g. valproate
and lithium), and some antidepressants (¢.g. mirtazapine)
known to induce significant weight gain (WG) [5,6]. The
exact mechanism of psychotropic-induced weight gain
(PIWG) is only partially understood, although several
clinical and individual factors have been shown to be
associated, such as sex (women being at higher risk than
men), low baseline BMI, young age, first episode, or non-
Caucasian ethnicities [5,7-9].

Genetic associations with BMI have been investigated
widely in general as well as in psychiatric populations.
Currently, genome-wide association studies (GWAS)
have highlighted 32 single-nucleotide polymorphism
(SNPs) associated with BMI in cohorts of up to 240 000
patients [10]. However, despite the increasing number of

DOI: 10.1097/FPC.0000000000000249
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SNPs discovered, the explained BMI variance in the
general population remains low (1.45%), reflecting
the complexity of mechanisms implicated in WG and the
concomitant involvement of many environmental factors
[10]. With respect to psychiatric patients, a high inter-
individual variability of PIWG is also observed and may
be explained in part by genetic variability. Thus, PIWG
was found to be heritable as shown in a study including
siblings [11]. In addition, several SNPs were found to be
associated with PIWG, suggesting that there are, similar
to the general population, many genetic contributions to
WG. Because second-generation antipsychotics interact
with scrotonin and dopamine systems, several candidare
gene studies were carried out on SNPs located in ser-
atonin HT . receptor, dopamine D receptor, or histamine H,
recepror genes [12]. Some discrepant results were pub-
lished, which can be explained by methodological issues
such as a lack of multiple testing correction, population
stratification, insufficient sample size, or inappropriate
statistical analysis [13]. However, promising results were
obrained for other genes [12,14], which may contribute
toward the understanding of PIWG mechanisms. Indeed,
SNPs located in CRTCI, PCK1, MCHRZ2, and HSD11(1
genes were found to be associated with BMI and repli-
cated in three psychiatric cohorts [14-17]. Although some
of these SNPs were associated significantly with BMI in
general population-based cohorts, effect sizes were
higher in psychiatric cohorts, suggesting an important
interaction  between gene and  environmental  factors
(e.g. psychiatric illness, pharmacological treatment, and
lifestyle).

WG can be fast and may occur during the first month of
treatment, underlining the importance of monitoring
metabolic parameters directly when the drug is intro-
duced and on a regular basis during treatment. Predictive
calculations carried out during clinical trials have shown
that patients with a rapid WG during the first month of
treatment are at a higher risk of having a more significant
WG in the long-term [18-20]. Furthermore, we recently
showed that more than 5% WG during the first month of
treatment is a good predictor for major WG at 3 (>15%)
and 12 months (>20%), irrespective of the WG-inducing
psychotropic drug prescribed [21]. However, detection of
paticents at high risk for carly WG, even before the start of
the psychotropic treatment, would be of high clinical
relevance for a personalized prescription. In the present
study, we sought to determine, in a psychiatric cohort
with compliance ascertained by therapeutic drug mon-
itoring, how clinical risk factors combined with an
extensive analysis of genes previously identified to be
associated with BMI using GWAS or candidate gene
approaches may cenable detection of patients at risk for
more than 5% WG after 1 month of psychotropic drug
treatment. The results obrained were then tested for
replication in a sccond independent psychiatric cohort,

Methods

Patient selection

Patients were selected from a previously  published
longitudinal observational study on the basis of our
clinical guideline requiring a metabolic follow-up after
starting with or switching to clozapine, olanzapine, ris-
peridone, quetiapine, aripiprazole, amisulpride, lithium,
valproate, andfor mirtazapine [22]. Dertailed partient
selection criteria have been previously published [21],
with the exception of the criteria mentioned below.
Patients were included in the analysis only when com-
pliance was confirmed by therapeutic drug monitoring at
the 1-month visit [or at 3 months if no plasma was
available at 1 month (#=40)], with a minimal follow-up
duration of 1 month and with Caucasian ethnicity.
Patients were considered compliant when drug plasma
concentrations were higher than 10% of the lower value
of the recommended therapeutic range [23].

Because of the naturalistic design of the study, the
I-month visit could be performed at variable times, but
only data from patients with a visit between 15 and
45 days were retained. All clinical chemistry parameters
were determined on plasma samples drawn in the
morning under fasting conditions as published pre-
viously [21].

Patients from the discovery cohort were included
between 1 January 2007 and 8 April 2013. Ethnicity was
assessed by patient’s reported ethnicity and confirmed by
genotyping using principal component analysis with the
EIGENSTRA'T algorithm implemented in GCTA soft-
ware [24]. The majority of the variance was explained by
the two first vectors, and Caucasian ethnicity was arbi-
trarily selected when peal less than 0.005 and pca2 at
least 0.02, values that yielded the highest concordance
with the patient’s reported ethnicity (see Supplementary
Fig., Supplemental digital content 1, Aup:f/links.lww.com/
FPCIBSY).

The replication cohort was composed of patients inclu-
ded from 9 April 2013 to 1 December 2014. No principal
component analysis could be carried out on these
patients; thus, cthnicity was based on the patient’s
reported ethniciry.

The study was approved by the Ethics Committee of the
Lausanne University Hospital and written informed
consent for genetic analysis was obtained from all
participants.

SNP selection and genotyping

T'wenty-three SNPs significantly associated with T2DM
(GWAS-T2DM: P<5x 107 and 32 SNPs significantly
associated with BMI (GWAS-BMI; P<5x107%), dis-
covered by a GWAS approach in the general population
samples, were included [10,25]. Finally, 34 SNPs sclec-
ted from a literature review investigating antipsychotic
induced WG during the first 3 months of treatment were

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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also included if published P-values were lower than 0.1
(see Supplementary Table, Supplemental digital content
2, htip:Alinks. fww.com/FPCIB90).

Genomic DNA was extracted from ED'T'A blood samples
using the FlexiGene DNA extraction kit (Qiagen,
Hombrechtikon, Switzerland) according to the manu-
facturer’s protocol. All patients from the discovery cohort
were genotyped on a MetaboChip array and processed on
an iScan equipped platform  (Illumina, San Dicgo,
California, USA). Only SNPs of interest (i.e. from genes
previously identified to be associated with BMI and
T2DM using GWAS or candidate gene approaches) were
included in the present study. Quality control of the
SNPs investigated was assessed by the call rate (>96%),
GenCall score (>0.15), and matched sex. SNPs were
extracted from the darabase using GenomeSrtudio soft-
ware (version 2011.1; HHlumina).

Patients included in the replication cohort were geno-
typed by KBioscience Institute in the UK using the
fluorescence-based  competitive  allele-specific  PCR
technology (KASP, Teddington, Middlesex, UK).
Derails on this technology are available av: Jup./fwaw.
lgcgenomics.com{genotypinglbasp-genotyping-chemistry.

Predictive models

Logistic regression analyses were carried out to investi-
gate the influence of the selected SNPs on carly WG. 'To
facilitate the understanding of the calculated odd ratios,
age, illness duration, and baseline BMI were categorized
by each 10 years (age/10, years/10, and BMI/10, respec-
tively). Because of a small number and an unequal dis-
tribution (noninterventional study) of each psychotropic
medication, drugs were categorized as having low (ami-
sulpride, aripiprazole), medium (quetiapine, risperidone,
lithium, mirtazapine), and high (clozapine, olanzapine,
and valproate) potential for inducing WG. SNPs, coded
as having an additive effect, were considered in the
logistic model through a step-wise model selection on the
basis of Akaike Information Criterion (AIC), which
minimizes the distance between the fitted and the true
model if such a model exists [26]. Some variables were
not significantly influential on the dependent variable
(>5% WG), but we retained them in the model as
advised by the AIC to improve the general quality of the
fitted model. Receiver operating characteristic (ROC)
analyses were used to compare the predictive power of a
model including only clinical (and demographic) data
with a model containing both clinical and genetic data
[27]. The arca under the curve (AUC) of a ROC curve
summarizes the probabilities that the model will correctly
classify a patient with more than 5% WG as a positive
casc and inversely a patient with lesser than or equal to
5% WG as a negative case. An ideal test will vield an
AUC of 1 and a random test will vield an AUC of (.5, a
test with an AUC of 0.75 being considered as informative
enough and useful [28]. AUCs of the different models

Prediction of weight gain Vandenberghe et al. 3

were compared using a bootstrap test as published pre-
viously (Pyuce) [29]. Besides AUC tests, likelihood ratio
tests were used to compare the model including only the
clinical variables (nested model) and the model contain-
ing clinical and selected SNPs (P gr). Median and 95th
percentiles (95th) of accuracy (percentage of correctly
classified cases among all patients), specificity (percen-
tage of correctly predicted patients with 5% WG among
all patients with €5% WG in reality), sensitivity (per-
centage of correctly predicted patients with >5% WG
among all patents with > 5% WG), negative predictive
value (NPV, percentage of patients with <5% WG
among patients who were predicted a <5% WG), positive
predictive value (PPV, percentage of patents with > 5%
WG among patients who were predicted a> 5% WG),
and AUC were determined using 10000 bootstraps.
Because the P-value is influenced by the sample size,
and thus in the present case by the number of bootstraps,
accuracy, specificity, sensitivity, PPV, and NPV were
considered different if their median values lay outside
the 95th range of the compared group. P-values were not
corrected for multiple testing because SNPs were selec-
ted on an a priori basis and the AIC method was used to
fit the best model. Because of the small sample size, no
subanalyses were carried out for cach medication or
demographic parameters (e.g. sex, age).

Replication analysis

The statistical model developed on the discovery cohort
was used to predict more than 5% WG. To compare
the model performance, predictive statistics obrained
in the replication cohort were compared with the
previous model.

Evolution of weight over 1 year

To explore the evolution of WG over 1 year between
patients with an observed or a predicted up o 5% WG
and more than 5% WG, a Generalized Additive Mixed
Model (GAMM) was fitted on the discovery and repli-
cation cohort combined together. To be more robust in
inferences, a lincar mixed-effect model was also fitted on
the same data to reinforce the results of GAMM.

Observations made at 1-3, 6, 9, and 12 months were used
to fit the model. Predictions made by the final model
including both clinical and genetic variables were used to
construct the grouping variable. The effect of time on
WG was not considered linear, but was better repre-
sented by a smooth semiparametric curve (with cubic
regression spline basis). GAMMSs were fitted separately
for each subgroup (>5% WG and <5% WG) to provide
the possibility of capruring the WG trend without
restraint at cach subgroup (otherwise, a parallel trend in
time would have been imposed on all subgroups). These
models were not adjusted for multiple comparisons,
covariates, or cofactors as they were used only to explore
the data and the adequacy of the final model.

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Afterwards, confirmatory analyses were carried out by
fitcting a linear mixed-effect model [‘nlme’ package of R
[30]] adjusted for age, sex, time, and bascline BMI. The
fitted linear mixed-effect model [31] had a random effect
at the patient level. To be more robust in inferences, a
bootstrap analysis [32] was used to evaluate the uncer-
tainty of estimated parameters (evaluated uncertainties
are more conservative, but more reliable if there are
violations from model assumptions as normality
assumption for residuals). Results were based on 10 000
bootstrap replicates at the patient level (patients were
considered to be independently recruited) and increasing
the number of bootstraps did not influence the uncer-
tainty of estimated parameters considerably.

Evaluation of the benefit of pharmacogenetic screening
T'he number needed to genotype, defined as the number
of patients to genotype to detect one misclassified case
by using only clinical information, was determined [33].
The calculation method is based on the inverse of the
difference between the accuracy of the model including
both clinical and genetic data and the accuracy of the
model including clinical data only.

All tests were two sided and P-values up to 0.05 were
considered statistically significant. All statistical analyscs
were carried out using R software (version 2.15.2;
T'eddington, Middlesex, UK).

Results

Demographics of the discovery cohort

A total of 248 patients were included (see Supplementary
Iig., Supplemental digital content 3, Aup://links.few.com/
FPCIBIT); of these, 190 patients were present in the
previously published study on the less than 5% threshold
as a predictor of long-term WG [21] and 58 additional
patients also corresponding to the present inclusion cri-
teria. At baseline, 22% of the patients were overweight
(25-30 kg/mz) and 14% were obese (230 kg,/mz). Patients
with a more than 5% WG after 1 month of treatment
(56/248, 23%) were significantly younger [median
(interquartile range (IQR): 38 (27) vears] than patients
with up to 5% WG [49 (45) years, P=0.03, Table 1], in
agreement with young age being a risk factor for impor-
tant WG [9]. A lower prevalence of obese patients was
observed in the group of more than 5% WG (5 vs. 16%,
P=0.05), in agreement with the literature in which a low
BMI has been reported to be a risk factor for important
WG [7] and inversely there were fewer patients with
initial BMI less than 25 kg/m” among the up to 5% WG
than among the more than 5% WG patients (60 vs. 79%,
P=0.01). Abdominal obesity and hypo HDL-
cholesterolemia were more prevalent in the up to 5%
WG group. No significant differences in other demo-
graphic variables were found berween the two groups.
Psychotic disorders [(F200-F249) and (IF28-F29)] were
the most frequent diagnosis (31%) and risperidone was

the most frequently prescribed psychotropic drug (40%).
A higher increase in triglycerides and decrease in HDL-
cholesterol between up to 5% WG and 5% WG patients
were observed between baseline and 3 months [median
(IQR) Ammol/l triglycerides: 0.1 (0.6) vs. 0.3 (1.1),
P£=0.04: Ammol/l HDL-cholesterol: 0 (0.3) vs. —0.1
(0.2), P=0.03] as well as between baseline and
12 months [Ammol/l triglycerides: — 0.1 (0.5) vs. 1.3 (3),
P <0.001; Ammol/l HDL-cholesterol: = 0.1 (0.3) vs. = 0.3
(0.4), P=0.005]. Further details are presented in Table 1.

Genotyping results

Proxy (2> 0.75) were searched for 20 SNPs that were not
available in the MetaboChip (Teddington, Middlesex,
UK) (for each missing SNP, a proxy was found). T'wo
SNPs from GWAS-T2DM, one SNP from the GWAS-
BMI, and three SNPs from the gene candidate studies
deviated from Hardy-Weinberg equilibrium and were
excluded from further analysis (see Supplementary
‘Table, Supplemental digital content 2, Aup://links.fww.
com{l*PC/B90, which are presented in bold). The minor
allele frequencies ranged from 3 to 49% and were in
agreement with the 1000 Genome Project Phase 1 (data
not shown).

Multivariate analysis and prediction model

Clinical model

Low baseline BMI was a significant risk factor for more
than 5% WG. No significant associations were observed
between age, illness duration, polymedication, sex, and
the type of newly prescribed psychotropic drug and more
than 5% WG at 1 month (Table 2, left column).

Genetic models

GWAS-12DAM SNPs: four of the 21 SNPs were retained
after AIC selection. None of the SNPs sclected were
associated  significantly with WG at 1 month (sce
Supplementary Table, Supplemental digital content 4,
hpfilinks.tww.com{FPCIB92). As presented in Table 3,
inclusion of these four SNPs did not increase accuracy
and AUC.

GWAS-BMI SNPs: the model based on AlC retained 12
SNPs of the iniual set of 31 SNPs. The three most sig-
nificant SNPs were ZNF608 156864049, GPRC5B, 10CK
1512444979, and  TMEMI160, ZC3H4 rs3810291 (sce
Supplementary Table, Supplemental digital content 5,
hitp:fllinks.tww.com/FPCIBY3, which shows all SNPs).
AUC increased significantly on including genetic data
[AUCginica  (95th)=0.75 (0.68-0.82), AUCinicnGwas
(95th)=0.88 (0.82-0.93), P\y::=0.0002]. The Likelihood
ratio test between the two models indicated that adding
gencetic data improved the goodness of fit (Py g < 0.001),
and thus that the observed difference of AUC might not
be driven by a higher number of variables included. The
accuracy of the prediction with genetic and clinical data
(‘Table 3) is modestly increased compared with the model
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Table 1 D graphic ch teristics of the di y cohort
First month weight First month weight
All (n=248) gain <5% (n=192) gain > 5% (n=56) P
Age [median (IQR)] (years) 46 (41) 49 (45) 38 (27) 0.03
Men [n/N (%)) 112/248 (45) 84/192 (44) 28/56 (50) 0.4
Smoking [n/N (%)) 51/107 (48) 41/85 (48) 10/22 (45) 1
liness duration [median (IQR)] (years) 4(10) 4 (10) 4 (9) 086
One-month visit [median (IQR)] (days) 31 (6) 30 (6) 31 (8) 06
One-month weight gain [median (IQR)] (%) 1.4 (58) 0 (4) 6.7 (3.2) <0.001
Metabolic traits preval at baseline [n/N (%))
BMI
<25kg/m? 159/248 (64) 115/192 (60) 44/56 (79) 0.01
25-30 kg/m” 55/248 (22) 46/192 (24) 9/56 (16) 03
>30kg/m” 34/248 (14) 31/192 (16) 3/56 (5) 0.05
Waist circumference (men > 94 cm, women = 80 cm) 112/213 (53) 94/167 (56) 18/46 (39) 0.05
HDL-cholestrol (men < 1.03 mmol/l, women < 1.29 mmol/l) 36/151 (24) 32/115 (28) 4/36 (11) 0.04
Triglyceridemia > 1.7 mmol/l or lipid-lowering treatment 42/159 (26) 34/122 (28) 8/37 (22) 05
Fasting glucose > 5.6 mmol/l or antidiabetic treatment 33/156 (21) 26/119 (22) 7/37 (19) 0.8
Blood pressure = 130/85 mmHg or antihypertensive treatment 35/216 (16) 28/165 (17) 7/51 (14) 0.7
Metabolic syndrome® 20/121 (17) 18/91 (20) 2/30 (7) 0.2
Metabolic evolution at 3 months of treatment
Weight gain [median (IQR)] (%) 3.7 (8.7) 26 (7.1) 11 (6.8) <0.001
Waist circumference [median (IQR)] (Acm) 3(9) 2 (9) 75 (75) 0.01
HDL-cholestrol [median (IQR)) (Ammol/l) 0(0.3) 0(0.3) -0.1 (0.2) 0.03
Triglyceridemia, [median (IQR)] (Ammol/l) 0.1 (0.7) 0.1 (0.6) 03(1.1) 0.04
Fasting glucose [median (IQR)] (Ammol/l) 0(0.8) 0(0.8) 0.1 (0.5) 05
Metabolic evolution at 12 months of treatment
Weight gain [median (IQR)] (%) 6.6 (12.5) 5.4 (105) 12.8 (16.6) 0.02
Waist circumference [median (IQR)] (Acm) 39 3(8 5(12) 08
HDL-cholestrol [median (IQR)] (Ammol/) ~0.2 (0.4) -0.1 (0.3) ~0.3 (0.4) 0.005
Triglyceridemia [median (IQR)] (Ammol/) 0.1 (0.8) —0.1 (0.5) 1.3(3) <0.001
Fasting glucose [median (IQR)] (Ammol/) 0.2 (0.8) 0(0.7) 0.6 (1.1) 0.05
Diagnosis [n/N (%)]
Bipolar disorder 49/248 (20) 41/192 (21) 8/56 (14) 0.3
Depression 39/248 (16) 29/192 (15) 10/56 (18) 08
Organic disorders. 23/248 (9) 20/192 (10) 3/56 (5) 04
Psychotic disorders 76/248 (31) 54/192 (28) 22/56 (39) 0.2
Schizoaffective disorder 18/248 (7) 18/192 (7) 5/56 (9) 08
Other 43/248 (17) 35/192 (18) 8/56 (14) 06
Medication [n/N (%)]
Amisulpride 21/248 (8) 14/192 (7) 7156 (13) 03
Aripiprazole 16/248 (6) 13/192 (7) 3/56 (5) 0.9
Clozapine 17/248 (7) 14/192 (7) 3/56 (5) 08
Lithium 18/248 (7) 131192 (7) 5/56 (9) 08
Mirtazapine 15/248 (6) 12/192 (6) 3/56 (5) 1
Olanzapine 29/248 (12) 16/192 (8) 13/56 (23) 0.005
Quetiapine 31/248 (13) 25/192 (13) 6/56 (11) 0.8
Risperidone 98/248 (40) 83/192 (43) 15/56 (27) 0.04
Valproate 3/248 (1) 2/192 (1) 1/56 (2) 1
Polymedication [n/N (%)]° 119/248 (48) 97/192 (51) 22/66 (39) 0.2
Comedicati ibly inducing weight gain [n/N (36)}° 33/248 (13) 22/192 (11) 11/56 (20) 0.1

HDL, high-density lipoprotein; IDF, i diate distribution frame; IQR, interquartile range; WG, weight gain.
“P-value were calculated using Wilcoxon rank-sum tests for continuous variables and Fisher's exact tests for categorical variables between both groups. Significant
(P<005) and bordemne (P=0.05-0.1) values are presented in bold.

“Metaboli is present if: p of central obesity (waist circumference: male > 94 cm, female > 80 cm) and at least two other following factors: triglycerides
217 mmolll or lipid-lowering tvealmem glucose of at least 5.6 mmol/l or type 2 diab blood p! at least 130/85 mmHg or treatment for hypertension;
HDL-cholesterol male up to 1.03 mmoUl female up to 1,29 mmol/l (IDF definition).

“Presence of more than one WGri

dep

dmg |pridk pip zapine, lithium, mir g

fist: pairy Py b o o | athind diol il o P | "
f . L. . P P BrRhe ol | i >

yprog 4 g P P preg P

with clinical data alone [Accuracyipica (95th) =70 (54-83),
Accuracyimcacwas (95th) =83 (72-90)).

AUCclink:lllcumlilluw gene (95th)=0.85 (0.79-0.91), P,-\l Ic=
0.01]. The Likelihood ratio test confirms that the model
containing genetic and clinical data should be preferred to
the model including only clinical variables (Py gy < 0.001).
Despite an increase in AUC, inclusion of genetic data did

Candidate gene SNPs: 31 SNPs from candidate gene studies
were included in the logistic model. After AIC selection, 9

SNPs were retained. T'he three most significant SNPs were
ADIPOQ 1317300539, INSIG2 1517587100, and FAAH
15324420 (see Supplementary Table, Supplemental digital
content 6, Aup:fllinks.fow.com/IFPC/B94, which shows all
SNPs). The nine selected SNPs increased the predictive
power significantly [AUCpica (95th)=0.75 (0.68-0.82),

not increase the accuracy of the prediction.

Final model
Retained SNPs from the candidate gene (nine SNPs) and
GWAS-BMI models (12 SNPs) were included together in
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Table 2 Final logistic model

Clinical model Final model
Variables OR (95% CI) P OR (95% CI) P
Intercept 15.2 (1.8-141) 0.01 0(0-0.1) 0.003
Personal
Age (years/10) 1(0.9-1) 0.2 0.8 (0.6-1) 0.04
Baseline BMI [(kg/m?)/10) 0.9 (0.8-1) 0.003 0.2 (0.1-0.4) 0.0004
Male 1 (05-2) 1 1.1 (0.5-2.5) 08
Psychiatric illness
Schizoaffective vs. psych disordi 1.4 (0.4-5.1) 0.6 3 (0.5-16) 0.2
Bipolar vs. psychotic disorders 0.9 (0.3-2.6) 09 0.9 (0.3-3) 0.8
Depression vs. psychotic disord 1.3 (0.5-3.7) 06 1.7 (0.5-5.8) 0.4
Organic vs. psychotic disorders 0.5 (0.1-2.6) 05 0.5 (0.1-3) 0.4
Other vs. psychotic disorders 0.7 (0.2-1.7) 04 0.4 (0.1-1.4) 0.2
liness duration (years/10) 1(1-1) 0.9 1.1 (0.7-1.7) 0.7
Medication
Medium vs. low weight gain inducer" 05 (0.2-1.3) 0.2 0.3 (0.1-1.1) 0.07
High vs. low weight gain inducer” 1.2 (0.4-3.5) 0.7 0.9 (0.3-3.6) 0.9
Polymedication (yes)® 0.7 (0.3-1.3) 03 0.6 (0.3-1.4) 03
Genetic, rs number (risk allele)
ADIPOQ 317300539 (G) - - 49 (1.7-17) 0.007
BDNF rs10835187 (C) o = 1.7 (1-3.2) 0.07
DRD2 rs6277 (G) - - 1.8 (1-3.2) 0.056
FAAH rs324420 (A) < = 3.2 (1.5-75) 0.005
GPRCSB, IQCK 512444979 (T) = = 35 (1.6-8.3) 0.003
INSIG2 rs17587100 (C) . - 5.2 (1.2-33.9) 0.05
LRP1B rs2890652 (C) - - 1.8 (0.9-3.9) 0.1
LRRN6C rs10968576 (A) - - 1.7 (0.8-3.7) 0.1
MC4R rs10871777 (A) = - 1.7 (0.9-35) 0.1
MTCH2, NDUFS3, CUGBP1 rs3817334 (C) - - 1.7 (0.9-3.2) 0.1
MTHFR rs1801131 (G) - - 1.8 (1-3.4) 0.08
NRXN3 rs10150332 (T) - - 2.2 (1-5.7) 0.08
PPARG rs2197423 (G) - = 3(1.2-8.7) 0.03
RPL27A, TUB rs11041999 (T) - - 1.6 (0.9-3) 0.1
SEC16B rs543874 (G) - - 2 (1-4.4) 0.07
SH2B1, APOB48R, SULT1A2, AC138894.2, ATXN2L, TUFM rs7359397 (T) - = 1.6 (0.8-3) 0.2
TMEM160, ZC3H4 rs3810291 (G) - - 22 (1.2-43) 0.02
ZNF608 rs6864049 (A) - v 2.8 (1.6-5.5) 0.002

Cl, confidence interval; OR, odds ratio,

p X ap Is and risperi versus Ipride and
“Clozapine, olanzapine, and lithium versus amisulpride and aripiprazole.
“Presence of more than one psychotropic-induced weight gain.

one final logistic model. Using the AIC model sclection,
18 SNPs were retained in the final model (Table 2, right
column see Supplementary Equation, Supplemental
digital content 7, Aup:fflinks.lww.com/FPCIB95, which
shows the model equation), with the three most sig-
nificant ones being ZNF608 156864049, GPRC5B-1Q0CK
1512444979, and FAAH 15324420. AUC of the final model
was significantly increased (AUC inica: 0.75; AUCga:
0.92; Prui: <0.001) as well as the goodness of fit com-
pared with the model containing only clinical data
(Prr1r<0.001). An increasc in accuracy, NPV, and PPV
was also observed (Table 3). An increase in predicted
risk, as shown in Fig. 1 (left), was observed for 46 patients
with more than 5% WG (crosses) and 45 patients with up
0 5% WG (black dots), whereas 10 patients with more
than 5% WG and 147 patients with up to 5% WG showed
a decrease in their predicted risk after inclusion of
genetic data. The distribution of predicted risk (Fig. 1,
right) indicates that 80% of up to 5% WG patients (gray
bar) have a less than 20% predicted risk of having a less
than 5% WG.

PP

Replication cohort

A small sample of 32 newly included patients with
compliance ascertained was used as a replication cohort.
These patients were significantly younger than those in
the discovery cohort [median (IQR) age: 33 (20) vs. 46
(41) vears old, P=0.02]. No other differences were
observed between the two cohorts, except for aripipra-
zole, lithium, and olanzapine, which were prescribed
more in the replication cohort, and risperidone, which
was prescribed more in the discovery cohort (see
Supplementary Table, Supplemental digital content 8,
http:fllinks.fow.comlFPCIB96).  Comedication  possibly
inducing WG was also more frequent in the discovery
cohort.

The discovery model was used to predict more than 5%
WG for the 32 patients in the replication cohort (see
Supplementary Table, Supplemental digital content 9,
httpfllinkstew.comlFPCIBI7,  which presents  prediction
results for each patient). ROC curves calculated with the
clinical and genetic-based model were similar between the
two cohorts (sce Supplementary Fig,, Supplemental digital
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Clinical versus clinical and genetic risk
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Left scatter plot indicates the predicted risk change between the model with only clinical variables and the model including both clinical and genetic
variables. The dots above the diagonal line indicate that adding geneti iabl the predicted risk of more than 5% WG and the dots
below the diagonal line indicate a decrease of more than 5% WG predicted risk after adding genetic variables. The right bar plot represents the
distribution of more than 5% WG and up to 5% WG cases according to the predicted risk. WG, weight gain,

Fig. 2

20 - [@=5% WG during the first month

3 <5% WG during tha first month

20 4
I L Not predicted as risk for >5% WG during the first month

B Predicted as risk for >5% WG during the first month ]

Weight change (%)

T Prediction based on classification after one month of treatment

-5

T T T T T T
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Time of treatment (months)

Generalized additive mixed-model prediction of weight over 1 year. The left plot represents weight changes in patients having more than 5% WG
(black) or up to 5% WG (grey) after 1 month following the introduction of weight gain-inducing psychotropic drugs. The right plot represent the
prediction before treatment of 5% WG in patients after 1 month on the basis of clinical and genetic data more than 5% WG (dark) or up to 5% WG
(grey). 95% confidence interval is represented by the shaded area. WG, weight gain.
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(T'able 2, right column), underlining the vulnerability of
voung patients (children and adolescents) to PIWG [7,9,
35]. No significant influence of medication, neither ana-
lyzed separately (data not shown) nor clustered as a
function of their potential WG magnitude (amisulpride,
aripiprazole vs. risperidone, quetiapine, mirtazapine,
lithium vs. clozapine, olanzapine, and valproate), was
observed in the multvariate analysis. This could be
explained by the combined effect of present and past
treatment as most patients were not drug naive.
However, a higher proportion of olanzapine prescription
was observed in more than 5% WG group, in agreement
with the fact that olanzapine is one of the most potent
WG-inducing antipsychotics.

The model combining clinical and genetic data selected
from T2DM-GWAS showed no significant AUC increase
compared with the clinical model alone. This could first
be explained by the short duration of treatment exam-
ined in the present study, which decreases the possible
influence of genes associated with diabetes. In addition,
T2DM is likely to involve essentially different genes,
with different biological pathways than WG. This con-
clusion is supported by a review concluding that there is,
to date, a limited shared genetic etiology between type 2
diabetes and obesity [36].

In addition to clinical data, the final model contains 18
SNPs from candidate gene studies investigating PIWG
during the first 3 months of treatment and from a GWAS
investigating BMI in general populations. Although
several SNPs were not individually significantly asso-
ciated with BMI, retaining them in the final model using
AlIC sclection significantly improved the fit, suggesting
gene—gene interactions. Considering genetic variants that
were most significantly associated with fast and important
WG, ADIPOQ 1517300539, located in the promoter
region, was found to be associated strongly with low
adiponectin levels [37]. It could thus be associated with
metabolic disorders, although discrepant results have
been published in two meta-analyses investigating obe-
sity and T2DM [38,39]. The FAAH rs324420 SNP is
located in the fatry acid amide hydrolase locus, and the
present result is in agreement with a study investigating
PIWG [40]. It is noteworthy that besides associations
with metabolic traits, FAAH belongs t the endocanna-
binoid system and was also related to several psychiatric
disorders [41,42] underlying possible common risk factors
berween psychiatric and metabolic disorders. The same
remark also applies to GPRC5B, 10CK rs12444979, which
was found to be associated with attention-deficit/hyper-
activity disorder and BMI [43].

Adding SNPs selected from GWAS investigating BMI
[10] to the model containing only clinical data or the
model containing SNPs from gene candidate studies
increased the predictive power of the model significantly.
In addition, only the final model resulted in an increase

Prediction of weight gain Vandenberghe et al. 9

in NPV and PPV compared with the clinical model alone.
It is noteworthy that patients with more than 5% WG at
1 month (i.e. those misclassified and those correctly
predicted to develop > 5% WG) did have significant WG
over the first year of treatment compared with the
patients predicted as not being at risk for 5% WG,
underlining the importance of an early WG and the 5%
threshold for predicting long-term weight changes [21].

Several limitations of the present study need t be
acknowledged. First, most of the patients were not drug
naive, and thus possibly already experienced major WG
during previous pharmacological treatments. However,
nondrug-naive psychiatric patients represent the majority
of cases in clinical practice, which should strengthen the
validity of our results under real-world conditions.
Second, although the choice of genes included in the
present study is already extensive, it is almost certain that
other genes will be discovered in the future to be asso-
ciated with PIWG, in particular, by using exome or
whole-genome sequencing. However, the present model
already reaches 87% accuracy, and although it can be
increased, 100% accuracy will most probably never be
achieved cven after adding more generic informartion.
Third, the present results are valid only for predicting
more than 5% WG after a short (1 month) period of
treatment. However, consequences on weight and other
metabolic features have been shown for 1-year treatrment.
Because of the naturalistic condition of the study, it is not
known whether some patients, in particular those with a
high WG, decreased their caloric intake and/or increased
their physical activity following recommendations pro-
vided by their treating physicians and/or nurses. Because
of the lack of data on the individual effect of cach SNP,
an unweighted approach was used, which might over-
estimate or underestimate the effect of certain SNPs.
Fourth, the present results should be interpreted with
caution considering the small sample size of the replica-
tion cohort. To validate the present results as well as to
develop a weighted model, replications in other psy-
chiatric cohorts, using retrospective as well as prospective
designs, are needed. In addition, analysis and validation
of the model in patients with specific diagnosis and with
specific drugs should be carried out in the future.

The strengths of the present study include its naturalistic
setting and a longitudinal design, with weight having
been monitored at introduction and after regular time
intervals. Morcover, therapeutic drug monitoring was
used to assess compliance, which is an important issue in
psychiatry. Indeed, major WG is a strong risk factor for
poor or noncompliance, possibly leading to false evalua-
tion of the patients (no WG because of noncompliance).
To our knowledge, the present study is the most thor-
ough genetic study carried out in psychiatric patients for
predicting WG during psychotropic treatment, with the
validity of the model confirmed in a replication cohort.
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Conclusion

T'his study explores the potential role of known SNPs in
identifying patients at risk of a rapid WG during the first
month of treatment, which is an important issue for long-
term WG and for its consequences on quality of life and
general health. Extensive genetic analysis increases the
accuracy, PPV, and NPV to detect at-risk patients com-
pared with clinical risk factors alone, such as age and
baseline BMI. Furture studies should be carried out to
replicate the present results in a larger cohort and to
investigate prospectively the implementation of this
predictive test in routine practice. If replicated, con-
sidering that only 6 patients need t be genotyped to
avoid one misclassified patient by using only clinical
information, the usc of genetic information should be
considered. The combined use of genetic and clinical
data could help the clinician to identify patients at high
risk for a rapid WG. Such patients should be prescribed,
whenever possible, psychotropic drugs with low potential
for WG combined with a close monitoring of metabolic
parameters. However, such tests should be used in
addition to a monitoring program of weight and other
metabolic parameters during PIWG treatment, which is,
to date, the best way ro detect and, if possible, to prevent

metabolic  complications  related  to  psychotropic
treatment.
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