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Préface 

 

Le présent travail de thèse a été réalisé dans l’Unité de Pharmacogénétique et Psychopharmacologie 

Clinique (UPPC; anciennement unité de biochimie et psychopharmacologie clinique) du Département 

de Psychiatrie de Centre Hospitalier Universitaire Vaudois (CHUV) en collaboration avec le 

laboratoire de chimie analytique et pharmaceutique de la section des sciences pharmaceutiques de 

l’Université de Genève et de l’Université de Lausanne. 

Le laboratoire UPPC comprend différents secteurs d’activités, il fournit notamment des prestations 

médico-techniques dans le domaine du suivi thérapeutique du médicament (TDM pour Therapeutic 

Drug Monitoring) qui comprend le dosage plasmatique des médicaments, l’interprétation des 

résultats avec éventuellement des conseils pharmacologiques et également dans le domaine de la 

biologie moléculaire liée à la pharmacogénétique et du dépistage urinaire semi-quantitatif de 

drogues. Un programme de pharmacovigilance (Sécurité du médicament en psychiatrie) ainsi que 

des conseils et/ou intervisions de psychopharmacologie clinique sont également proposés aux 

différents services du département de psychiatrie du CHUV, aux médecins d’autres institutions, et 

aux médecins privés.  

En recherche clinique et pharmacogénétique, l’UPPC s’intéresse tout particulièrement au 

métabolisme des psychotropes (principalement les antidépresseurs, les antipsychotiques, les pro-

cognitifs, la méthadone et les substitutions nicotiniques), et à l’influence des facteurs génétiques sur 

la variabilité des taux sanguins des médicaments, sur la réponse thérapeutique et sur la survenue 

d’effets indésirables.  

 

Dans le but d’améliorer la prise en charge médicamenteuse, les approches suivantes sont utilisées: 

 Développement de méthodes de dosage de médicaments psychotropes et de substrats des 

cytochromes P450 pour des tests de phénotypage (tests pharmacogénétiques) dans différents 

matrices biologiques. Des méthodes de génotypage pour les cytochromes P450 et d’autres 

protéines sont également développées.  

 Etudes du métabolisme (en particulier par les cytochromes P450) et du transport (par exemple 

par la glycoprotéine P) des médicaments.  

 Etudes cliniques pharmacocinétiques - pharmacodynamiques pour étudier, chez les patients 

sous traitement, les relations entre les taux plasmatiques de médicaments psychotropes et les 

effets cliniques (effets thérapeutiques et effets indésirables), en tenant compte des facteurs 

génétiques.  

 



Préface  VI 

 

Les traitements médicamenteux des patients psychiatriques demandent à être optimisés et adaptés 

individuellement, car leur succès dépend notamment de facteurs génétiques, environnementaux, 

psychologiques, et/ou sociaux  Une prise de poids et des complications métaboliques sont associées 

à l’utilisation des antipsychotiques atypiques (AP) et de certains stabilisateurs de l’humeur (lithium, 

valproate) 1,2. Bien que connues, l’intensité et la survenue de ces effets secondaires restent très 

variables d’un patient à l’autre. Une augmentation des risques cardiovasculaires et de la mortalité est 

ainsi   décrite dans les populations psychiatriques par rapport à la population générale 3-5. Dans ce 

contexte, le présent travail de thèse s’inscrit dans la même ligne de recherches cliniques et 

pharmacogénétiques effectuées à l’UPPC,  et a pour but d’évaluer les facteurs prédictifs de 

l’apparition des complications métaboliques et de prévoir les patients les plus susceptibles d’en 

souffrir. A cette fin, trois études cliniques et pharmacogénétiques ont été conduites par l’UPPC, avec 

une inclusion à l’heure actuelle de  plus de 500 patients. 

 

Une première étape de ce travail de thèse a consisté à développer les méthodes analytiques 

permettant le dosage de psychotropes.  

Les manuscrits I et II réunissent les méthodes analytiques développées. La quantification de ces 

différentes médications psychotropes a permis d’élargir le panel de médicaments proposés par notre 

laboratoire dans le cadre du dosage de médicaments psychotropes (TDM). Ces dosages ont 

notamment permis d’identifier les patients faisant partie des études cliniques avec un taux 

plasmatiques suffisamment bas pour suspecter un problème de compliance ou d’interaction 

pharmacologique ou génétique. 

 

Une seconde étape de ce travail de thèse a été de définir la prévalence de risques cardiovasculaires 

et les facteurs cliniques prédictifs chez les patients psychiatriques. Le manuscrit III présente une 

revue  sur la mortalité et les comorbidités de patients psychiatriques prenant des AP ainsi que le suivi 

somatique de certains facteurs métaboliques au cours du traitement. Le manuscrit IV décrit une 

population ambulatoire psychiatrique spécifique. Une prévalence élevée de différents risques 

cardiovasculaires est observée et certains facteurs cliniques associés à une prise de poids ont été 

déterminés.  

 

La dernière étape de ce travail de thèse présente l’influence de différents polymorphismes de gènes 

associés à la réponse thérapeutique et aux effets secondaires de psychotropes. Une étude basée sur 

le risperidone dépôt, un antipsychotique atypique administré en injection toutes les  2 semaines, fait 

l’objet du manuscrit V alors que le manuscrit VI se focalise sur l’influence du CRTC1, un gène associé 
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chez la souris à la régulation de l’appétit, sur l’indice de masse corporel chez des patients 

psychiatriques 

Finalement, le manuscrit VIII donné en annexe, est une revue sur  l’énantiosélectivité potentielle de 

la protéine de transport glycoprotéine P, sur les polymorphismes génétiques associés et les 

conséquences cliniques observées chez l’être humain. 
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1. Observations cliniques 

 

La prise de poids et les complications métaboliques consécutives à la prescription d’antipsychotiques 

atypiques et d’autres psychotropes sont un problème de santé important en psychiatrie 1,6.  

Les risques et bénéfices sur la mortalité associée à une utilisation de l’antipsychotique atypique 

clozapine ont par exemple été estimés sur une période de 10 ans 7. Il a été calculé que la réduction 

du taux de mortalité par suicide, grâce au traitement de clozapine, serait quasi entièrement 

contrebalancée par l’augmentation de la mortalité due aux effets délétères d’une prise de poids de 

10 kg, ce qui est fréquent avec ce médicament 7-9. 

Cette problématique de prise de poids est aussi illustrée par les 2 cas cliniques ci-après. Une patiente 

psychiatrique âgée de 37 ans, est hospitalisée pour la 9ème fois en raison d’idéation suicidaire et d’une 

symptomatologie dépressive. La patiente est traitée depuis de nombreuses années par un 

stabilisateur de l’humeur, le valproate, et par des antipsychotiques : olanzapine, rispéridone, 

clotiapine, amisulpride et par des antidépresseurs : citalopram, fluoxétine. A l’anamnèse, la patiente 

indique qu’il y a 10 ans, elle pesait 51 kg. Son poids a fluctué jusqu’à atteindre la valeur actuelle de 

117 kg, montrant une augmentation durant cette période de 129 %. 

Chez cette patiente, compte tenu des données de la littérature et d’une chronologie suggestive bien 

que peu précise, l’imputabilité des différents traitements psychotropes dans la survenue de la prise 

de poids et la persistance de l'obésité sur plusieurs années, a été estimée de l’ordre du possible.  

D’autres prises de poids importantes sous psychotropes ont été signalées. Notamment, dans le cadre 

de conseils pharmacologiques proposés par l’UPPC, il a été mentionné le cas d’une patiente 

psychiatrique traitée par rispéridone et une benzodiazépine depuis 2 ans. Bien que les comédications 

ne soient pas connues précisément durant ces 2 années, la patiente indique qu’elle pesait 50 kg à 

l’initiation du traitement à la risperidone. Son poids actuel est de 100 kg, montrant une 

augmentation de 100 %.  Son médecin  actuel demande un conseil thérapeutique pour améliorer la 

situation clinique c’est-à-dire, une gestion de l’obésité de sa patiente. 

 

Les questions sous-jacentes sont les suivantes: aurait-il été possible de prédire que ces patientes 

étaient à risque d’une prise de poids cliniquement importante et aurait-il été possible de l’éviter ? 

Ces questions sont à la base de ce travail de thèse et les manuscrits cliniques III et IV ainsi que le 

manuscrit pharmacogénétique VI apportent un début d’élément de réponse.   
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2. Pharmacogénétique 

 

2.1.  Introduction 

 

Au début du 21ème siècle, l’entier du génome humain a été séquencé dans le cadre du « Human 

Genome Project ». Le génome humain est composé de 3 milliards de paires de bases, 30 à 40 mille 

gènes codant pour des protéines et 99.9% du génome est commun à tous les êtres humains 10,11. Les 

variations dans la séquence des acides nucléiques restantes sont composées essentiellement de 

mutations génétiques comprenant la substitution d’un seul nucléotide, l’insertion, ou la délétion 

d’un ou plusieurs nucléotides. Il peut également survenir la répétition de séquences de nucléotides 

(tandem repeat), la délétion ou la duplication (copy number variant) du gène en entier  10,12. 

 Les Single Nucleotide Polymorphisms (SNPs) sont les variations génétiques les plus courantes (90%) 

et représentent une différence d’une base (allèle) à un endroit particulier de la séquence d’ADN. Il 

est estimé que les SNPs avec une fréquence allélique de ≥ 1% sont présents en moyenne tous les 300 

bases dans le génome. De plus, une combinaison de différents allèles situés sur un même 

chromosome peut être transmis ensemble et ainsi former un haplotype 12.  

Ces variations peuvent affecter la façon dont l’être humain peut développer une maladie ainsi que 

dans sa réponse à un traitement donné 11.En effet, pour la plupart des médicaments, à une même 

dose standard, une certaine proportion d’individus va s’éloigner de la réponse attendue, en 

présentant soit une diminution ou une absence d’efficacité soit au contraire des effets indésirables 

et/ou une toxicité. Cette variabilité est liée en partie à des facteurs physiologiques (par exemple : 

âge, sexe, stade de la maladie) ou environnementaux (par exemple : alimentation, interaction 

médicamenteuse, tabagisme), et est également influencée par les variations génétiques.  

 

La pharmacogénétique est l’étude de la variabilité génétique de la réponse thérapeutique à 

un médicament donné 13,14. La connaissance de facteurs génétiques ayant une influence sur la 

réponse thérapeutique permet potentiellement d’individualiser et d’optimiser un traitement. 

L’intérêt principal de cette médecine personnalisée réside dans l’amélioration de la prise en charge 

des patients et une optimisation des décisions thérapeutiques (dose et choix du médicament 

prescrit) en fonction du génome de l’individu afin d’obtenir la meilleure réponse thérapeutique avec 

le moins d’effets secondaires possibles. La pharmacogénétique couvre aussi bien l’étude des gènes 

liés à la pharmacocinétique, notamment le métabolisme ou le transport des médicaments, que les 

gènes liés à la pharmacodynamie des médicaments 13.  

 

http://fr.wikipedia.org/wiki/All%C3%A8le
http://fr.wikipedia.org/wiki/Chromosome
http://fr.wikipedia.org/wiki/Toxicit%C3%A9
http://fr.wikipedia.org/wiki/M%C3%A9dicament
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Les prémices de cette science sont apparues au début du 20ème siècle avec un concept de chimie 

individuelle proposé par A.Garrod suite à l’observation d’individus très vulnérables ou 

exceptionnellement résistants à une même substance 15. Par la suite, plusieurs observations de 

métabolisme lent et rapide pour différents médicaments dans les années 1950 ont été rapportées 16-

19 et finalement, F.Vogel a défini le terme « pharmacogénétique » en 1959 13,20.  

 

2.2. Stratégies de détection d’un gène d’intérêt 

 

Plusieurs stratégies permettent d’étudier l’influence des variations génétiques sur un phénotype. 

Dans ce travail de thèse, les approches suivantes ont été utilisées :  

 

 L’étude de gènes candidats dont l’implication a déjà été montrée, notamment dans la 

pharmacocinétique ou dynamique du médicament  

 L’analyse de gènes codant pour des protéines participant à la régulation de l’appétit et au 

contrôle de l’homéostasie énergétique (comme la leptine) chez l’être humain ou dans des 

modèles animaux (souris knock-out, KO)  

 L’étude de gènes identifiés dans des études d’épidémiologie génétique et dans des genome 

wide association studies (GWAs). Cette dernière approche implique le balayage rapide de 

marqueurs génétiques de l’ensemble du  génome d’un grand nombre d’individus dans le but de 

trouver des variations génétiques associées à un phénotype (comme l’obésité) 21. 

Généralement, les GWAs n’ont pas d’à priori sur les gènes impliqués dans un phénotype. Les 

variations génétiques identifiées par cette approche ne sont pas nécessairement la cause du 

phénotype mais peuvent être liées au variant causal et sont principalement des marqueurs du 

phénotype 21. 

 

3. Maladies psychiatriques: la schizophrénie et les troubles bipolaires 

 

La schizophrénie est un trouble psychiatrique dont la prévalence est d’environ 1% 22. Cette maladie 

peut être caractérisée par des symptômes positifs (hallucinations auditives et visuelles, idées 

délirantes,  troubles du comportement), et négatifs (apathie, repli sur soi, anhédonie). Elle peut 

également altérer les fonctions cognitives et affectives. Les débuts des symptômes apparaissent 

généralement à la fin de l’adolescence ou au début de l’âge adulte et l’évolution est généralement 

chronique, conduisant à une utilisation à long terme des traitements pharmacologiques 23. 

Un rôle prépondérant de la dopamine est postulé. Par l’intermédiaire d’une dérégulation du circuit 

de la dopamine dans le système mésocortical ou mésolimbique, celle-ci pourrait induire les 
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symptômes de la maladie. Un fonctionnement abaissé des récepteurs N-methyl-D-aspartate (NMDA) 

dans le système glutaminergique contribuerait également à l’apparition des symptômes positifs 22.  

 

Les troubles bipolaires quant à eux font partie des troubles de l’humeur et sont caractérisés par la 

perturbation de l’humeur qui peut osciller entre des  phases d’excitation intense (phase maniaque) 

pouvant présenter les symptômes positifs de la psychose et des phases de dépression sévère, 

entrecoupées parfois de périodes de stabilité. Face à un large spectre de symptômes, cette maladie 

peut être traitée aussi bien par des antidépresseurs, des stabilisateurs de l’humeur que par des 

antipsychotiques. 

 

4. Antipsychotiques atypiques 

 

L’introduction des antipsychotiques atypiques (AP) a représenté une étape importante dans le 

traitement de la schizophrénie. En effet, ces médicaments se montrent remarquablement efficaces à 

la fois sur les symptômes positifs et négatifs de la schizophrénie avec une incidence moindre d’effets 

secondaires extrapyramidaux 24 par rapport aux antipsychotiques classiques.  Bien qu’initialement 

destinée au traitement de la schizophrénie, l’utilisation de certains AP s’est élargie au traitement des 

troubles bipolaires et de l’irritabilité dans les troubles autistiques 22. Cependant, ils ne sont pas 

dénués d’effets secondaires 22 et ceux-ci seront décrits plus en détail ultérieurement. 

 

4.1. Pharmacocinétique  

 

Les deux principaux types de protéines impliqués dans le processus d’Absorption, Distribution, 

Métabolisme et Elimination des médicaments (principe de l’ADME) sont les enzymes métaboliques et 

les transporteurs 25. 

Les facteurs pharmacocinétiques peuvent influencer la prise de poids induite par une médication 

psychotrope en modulant sa concentration dans les tissus et la circulation sanguine 26. Ainsi, une 

même dose de médicament induira des taux sanguins extrêmement variables selon les individus, 

cette variabilité interindividuelle dans la pharmacocinétique est  influencée par des facteurs 

environnementaux (par exemple : âge, alimentation, comédications) et par des facteurs génétiques, 

notamment au niveau du métabolisme 27. 
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4.1.1.  Métabolisme 

 

Les réactions enzymatiques du métabolisme sont destinées à rendre plus polaire un composé 

hydrophobe afin de permettre son élimination.  Les réactions de phase I sont l’oxydation, la 

réduction et l’hydrolyse du composé tandis que les réactions de phase II comprennent l’ajout d’un 

groupe polaire par différents types de conjugaison sur le composé. Ces réactions se déroulent 

principalement dans le foie mais également dans d’autres organes tels que les reins, le tractus 

gastro-intestinal et les poumons 27. Les principales enzymes du métabolisme sont les cytochromes 

P450 (CYPs) impliqués dans la phase I, et les enzymes uridine dinucleotide phosphate 

glucuronosyltransferases (UGT) impliquées dans la phase II 28. 

 

La famille des CYPs comprend 57 membres groupés en 27 familles, dont les familles 1 à 3 

métabolisent 90 % des médicaments 28,29. Les CYPs sont sujets à d’importants polymorphismes, un 

résumé des différents polymorphismes peut être trouvé sur le site de « Human Cytochrome P450 

Allele Nomenclature Committee » (www.cypalleles.ki.se). Les CYPs impliqués dans le métabolisme 

des sept AP disponibles en Suisse sont listés dans le Tableau 1, la voie métabolique majeure est 

soulignée. 

 

Tableau 1: Propriétés pharmacocinétiques des antipsychotiques atypiques 2,30.  

  

Les polymorphismes génétiques du CYP1A2, enzyme principale du métabolisme de la clozapine,  ont 

notamment montré une influence sur les taux de clozapine 31-33 et sur la réponse au traitement. En 

effet, les patients porteurs du polymorphisme CYP1A2*1C, associé à une diminution de l’activité 

enzymatique, ont présenté une concentration plus élevée de clozapine et de son métabolite dans le 

sang ainsi qu’un risque augmenté de résistance à l’insuline, un effet secondaire de la clozapine 

potentiellement dose-dépendant 33. L’allèle *1F, associé à une activité métabolique supérieure chez 

les fumeurs et les non fumeurs homozygotes, a été associé  à une non-réponse au traitement de 

clozapine 32,34.  

Antipsychotique atypique 
(AP) 

Intervalle 
thérapeutique 

Temps de demi-vie 
(t1/2) 

Métabolisme Inhibition 

Olanzapine 20-80 ng/mL 29-39h CYP1A2, CYP2D6 - 

Clozapine 350-600 ng/mL  12h (6-26h) 
CYP1A2, CYP2C19, 
CYP3A4, CYP2D6 

- 

Rispéridone 
  9-hydroxyrispéridone 

20-60 ng/mL 
3h 
24h 

CYP2D6, CYP3A4 CYP2D6 

Quétiapine 70-170 ng/mL 7h CYP3A4, CYP2D6 
CYP1A2, CYP2C9, 
CYP2C19 

Aripiprazole 150-300 mg/mL 3-6j CYP2D6, CYP3A4 - 

Amisulpride 100-400 ng/mL 12h 
pas d’interaction avec 
les CYPs 

- 

Sertindole 50-100 ng/mL 3j CYP2D6 - 

 

http://www.cypalleles.ki.se/


Chapitre I  8 

 

4.1.2.  Transport  

 

Les protéines de transport sont impliquées dans l’absorption et la distribution de certains 

médicaments. Elles peuvent influencer leurs taux dans le sang et dans les organes cibles. La plus 

étudiée est la glycoprotéine de perméabilité (P-gp), une protéine d’efflux codée par le gène ABCB1.  

La P-gp peut influencer les taux sanguins, mais surtout les taux cérébraux des médicaments 

substrats, du fait de son activité au niveau de la barrière hémato-encéphalique 35-40. La majorité des 

AP sont substrats et le gène codant pour la P-gp est polymorphique 38,41,42. 

Une influence sur la réponse au traitement a été décrite pour le polymorphisme C1236T et la 

rispéridone ainsi que les polymorphismes C1236T, G2677T, C3435T et l’olanzapine 43,44.   

 

4.1.3.  Récepteurs nucléaires  

 

Les récepteurs nucléaires peuvent moduler l’expression de gènes. Le pregnane X receptor (PXR) est 

codé par le gène NR1I2 et fait partie de la famille des récepteurs nucléaires (Figure 1) 45. Le PXR est 

notamment important dans la régulation de l’expression de certaines protéines du métabolisme et 

de transport 45.  

 

 

Figure 1 : Fonction biologique du PXR 45. 

 

Il régule également certaines voies physiologiques dont le métabolisme des lipides 45.  

Par une liaison sur le promoteur de certains gènes, le PXR  peut induire leur expression, notamment  
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l’expression des enzymes CYP3A5, CYP3A7, CYP2C9, UGT et du transporteur P-gp 29,45,46. Le PXR est 

activé par des ligands aussi bien endogènes qu’exogènes comme certains médicaments 47. Il est 

majoritairement exprimé au niveau de l’intestin, du foie et des reins 47,48. Certains polymorphismes 

du NR1I2 ont été associés à une différence de transcription du gène ou à une différence d’activité du 

PXR 45,49,50 et seront décrits dans le manuscrit V. A l’heure actuelle, aucune influence des 

polymorphismes du NR1I2 n’a été mise en évidence sur la pharmacocinétique et/ou la 

pharmacodynamie des médicaments psychotropes. 

 

4.2. Pharmacodynamie 

 

Les propriétés pharmacodynamiques des différents AP varient énormément d’une molécule à l’autre, 

montrant des affinités diverses dans leur profil de liaison aux récepteurs. Ces affinités influencent la 

réponse au traitement ainsi que la prévalence des effets secondaires (Tableaux 2, 3). 

Le mécanisme d’action des AP est lié essentiellement à un effet sur le système dopaminergique par 

un effet antagoniste D2. Les AP se distinguent des antipsychotiques classiques par une affinité 

différente pour certains récepteurs, tels que : un effet antagoniste conjoint sur les récepteurs 

sérotoninergiques 5HT2A et dopaminergiques D2, un effet agoniste partiel sur les récepteurs D2 ou 

5HT1A, une rapide dissociation des récepteurs D2 ou/et un effet sur le récepteur 5HT2C 22.                                                                                                                                          

 

Tableau 2 : Affinités des antipsychotiques atypiques pour divers récepteurs 22. 

 

 

 

Récepteur Antipsychotique atypique 

Olanzapine Clozapine Rispéridone Quétiapine Aripiprazole Amisulpride Sertindole

Dopaminérgique

D1 + +

D2 + + + + + + +

D3 + + + + +

D4 + +

Sérotoninergique

5-HT1A + + +

5-HT2A + + + + + +

5-HT2C + + + +

Adrénergique

α1 + + + + +

α2 + + +

Histaminergique

H1 + + +

Muscarinique

M1 + + +

M3 + +
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Tableau 3 : Implication potentielle de divers  récepteurs sur les effets secondaires 51,52. 

 

 

4.2.1.  Effet thérapeutique 

 

Les SNPs des gènes des récepteurs dopaminergiques D2, D3 et D4 ont largement été testés quant à 

leurs effets possibles sur la réponse au traitement. Les résultats provenant d’études de différents 

designs, composées de populations d’ethnies, de médicaments et de durées de traitement différents 

rendent les comparaisons difficiles 53-56. Les SNPs des gènes des récepteurs Taq1A et -141C Ins/Del du 

D2, Ser9Gly du D3, -1438A>G du 5HT2A  font partie des SNPs les plus fréquemment étudiés, mais de 

nombreux résultats contradictoires ont été publiés à leur sujet 56.  

 

4.2.2. Effets secondaires 

 

Un certain nombre d’effets secondaires sont reportés sous AP, tels qu’une agranulocytose avec la 

clozapine, un allongement de l’intervalle QT avec le sertindole, ou un syndrome neuroleptique malin, 

qui survient rarement mais peut être potentiellement mortel, avec les AP en général 2. 

 

Une hyperprolactinémie peut être associée à des perturbations du cycle menstruel, à des 

dysfonctions sexuelles, à l’apparition de gynécomastie et/ou de galactorrhée 57-59. L’augmentation de 

la prolactine par un effet antagoniste D2 est un effet secondaire associé notamment à l’amisulpride 

et la rispéridone 2,60. Ces derniers peuvent également induire des symptômes parkinsoniens qui sont 

dose-dépendants 2,61. 

 

 

Activité du récepteur Effet(s) secondaire(s)

Dopaminérgique

antagoniste D2 Prise de poids, effet endocrine

Sérotoninergique

antagoniste 5-HT2C Prise de poids, diabètes

Adrénergique

antagoniste α1 Prise de poids, sédation, hypotension orthostatique

Histaminergique

antagoniste H1 Prise de poids, sédation

Muscarinique

antagoniste M1 Effet anticholinergique (xérostomie, vision trouble, constipation)

antagoniste M3 Diabètes
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4.2.3.  Effets secondaires liés à la prise de poids  

 

La prise de poids, l’élévation de la lipidémie et la résistance à l’insuline varient selon les AP. La 

clozapine et l’olanzapine sont associées à une prise de poids importante, alors que la quetiapine et la 

rispéridone sont associées à une prise de poids intermédiaire. Finalement, l’amisulpride et 

l’aripiprazole semblent ne pas entraîner de prise de poids ou alors seulement de façon modeste 

(Tableau 4) 3,6,9,62,63.   

 

Tableau 4 : Prise de poids potentielle par année en fonction du traitement (en livre, 10 lb 

correspondant à 4.5 kg environ) 9. 

 

 

 

La prise de poids, les complications métaboliques (notamment hyperglycémie) et les anomalies 

lipidiques pouvant être associées à une augmentation des comorbidités (diabètes, hypertension, 

hypercholestérolémie, hyperlipidémies, maladies cardiovasculaires) sont particulièrement 

préoccupantes (Figure 2). Elles peuvent influencer la tolérance, l’acceptabilité et donc la compliance 

des patients envers leur traitement 64-66. 
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Figure 2 : Evolution des changements métaboliques sous AP avec une augmentation progressive 

des risques cardiovasculaires 22. 

Les changements métaboliques peuvent débuter par une augmentation de l’appétit et une prise de poids, ce qui entrainent 

une augmentation de  l’IMC au-dessus de 25 kg/m
2
 (correspondant à un surpoids), pouvant évoluer jusqu’à une obésité, 

une résistance à l’insuline, une dyslipidémie comprenant une augmentation des taux de triglycérides. Finalement, une 

hyper-insulinémie peut progresser vers une dysfonction des cellules β pancréatiques, un pré-diabète et l’apparition d’un 

diabète. Ce dernier augmente les risques cardiovasculaires et peut conduire à une augmentation des événements 

cardiovasculaires, parfois mortels. 

 

Malgré un nombre croissant de publications sur le sujet, le mécanisme sous-jacent entrainant une 

prise de poids sous AP est encore peu connu et serait certainement multifactoriel 67-70. Les facteurs 

couramment mentionnés dans la littérature sont décrits ci-dessous. 
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4.2.3.1.  Facteurs cliniques et récepteurs 

 

La prise de poids peut être influencée par des facteurs cliniques tels qu’un jeune âge et un indice de 

masse corporel (IMC) bas en début de traitement, un sexe féminin, une activité sportive insuffisante, 

une diète calorique (fast-food), une longue durée de maladie psychiatrique et de traitement 

psychotrope. La consommation de tabac, la réponse au traitement ainsi que le profil 

pharmacologique de l’AP prescrit peuvent également prédire une modification du poids 71-73. La 

pharmacologie apporte quelques pistes quant à l’implication de certains récepteurs et 

neurotransmetteurs dans le mécanisme de la prise de poids (Tableau 3).  

Ainsi, le système sérotoninergique est connu comme étant associé à l’appétit, principalement au 

niveau de l’hypothalamus. La clozapine et l’olanzapine, les deux AP associés à la prise de poids la plus 

importante, ont une affinité importante pour le récepteur 5HT2C. De plus, des études menées sur des 

souris KO pour le gène 5HT2C ont montré une hyperphagie ainsi qu’une obésité 74. Le SNP -759C>T du 

gène 5HT2C, localisé dans la région du promoteur et entraînant une diminution de l’expression du 

gène, a été associé à une prise de poids dans de nombreuses études chez les patients prenant des AP 

67. L’allèle -759C montre dans la majorité des cas une association avec une plus grande prise de poids 

allant jusqu’à 1.1 unité d’IMC en plus 75-78. L’allèle -759T a également été montré comme étant plus 

fréquent chez les sujets non-obèses que chez les sujets obèses 79,80. 

Les récepteurs histaminergiques et adrénergiques peuvent être impliqués dans la prise de poids 

induite par les psychotropes 67,71,81,82. L’activité des récepteurs adrénergiques module le poids 

corporel par une activation ou une inhibition de la lipolyse 83 alors que les peroxisome proliferator-

activated receptors (PPAR) jouent un rôle essentiel dans la différentiation des adipocytes 84. La 

plupart des analyses sur les SNPs des gènes codant pour les récepteurs autres que celui du 5HT2C 

n’ont pas montré d’association avec la prise de poids. De plus, peu d’études ont été conduites pour 

chacun de ces gènes 67. Plusieurs études sur les gènes des récepteurs histaminergiques H1 
85, 

sérotoninergiques 5HT1A et 5HT2A  
85,86, adrénergiques α1A,  α2A et β3 

85,87 et dopaminergiques D2 et D4 

88,89 n’ont pas permis d’identifier de SNPs impliqués de façon significative dans la prise de poids 67. 

 

4.2.3.2.  Régulation de l’appétit et contrôle de l’homéostasie énergétique 

 

L’obésité est le résultat de l’équilibre entre apport énergétique (prise alimentaire) et dépense 

énergétique conduisant au stockage de l’énergie sous forme de graisse, principalement dans le tissu 

adipeux 90. Un grand nombre de facteurs régulent la prise alimentaire et le poids 91. Les signaux 

indiquant un excès d’énergie semblent moins puissants que ceux indiquant un déficit énergétique, 
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suggérant un biais dans l’homéostasie énergétique vers une protection contre un déficit  

énergétique 91.  

La leptine (LEP), qui est produite par les tissus adipeux, est un des facteurs clé dans la régulation de la 

prise alimentaire et la consommation d’énergie (Figure 3) 67,92,93. Elle joue un rôle majeur dans la 

régulation du poids corporel par son effet anorexigène. Ses taux sont altérés lors de l’initiation d’un 

traitement avec un AP 94. Les souris déficientes pour la leptine (souris ob/ob) ont par ailleurs un 

phénotype obèse 95. Cette hormone agit sur l’hypothalamus par l’intermédiaire de son récepteur 

(LEPR) et régule la dépense énergétique. Des mutations sur le gène de la leptine et sur le gène du 

récepteur à la leptine peuvent provoquer une obésité chez l’être humain 90,93.  

L’allèle muté (Q223R) et l’allèle 656Lys (Lys656Asn) du gène du récepteur de la leptine 96,97 ont été 

associés à une prise de poids chez les patients prenant des AP, ainsi que l’allèle G du polymorphisme 

-2548A>G du gène de la leptine pour des traitements de courtes 77 et de longues durées 98.  

 

  

Figure 3 : Homéostasie énergétique et régulation de l’appétit 90,99,100. 

La leptine (LEP) est principalement secrétée par le tissu adipeux et sa sécrétion est notamment stimulée par l’accumulation 

de graisse. Elle agit par son récepteur (LEPR) directement sur certaines zones de l’hypothalamus dont le noyau arqué. Celui-

ci a des projections neuronales dans différentes zones de l’hypothalamus conduisant à l’activation de certains récepteurs et 
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à la sécrétion de neuropeptides associés la régulation de l’appétit et de l’homéostasie énergétique. Le melanocortin-4 

receptor (MC4R) et le cyclic AMP response element-binding protein-regulated transcription coactivators (CRTC1) sont 

notamment régulés par la leptine 
91,101,102

. Abréviations : UCP2, uncoupling-protein 2; FTO, fat mass and obesity associated; 

ADRB2 et ADRB3, récepteurs adrénergiques β2 et β3; HSL, lipase hormone-sensible. 

 

 

Le cyclic AMP response element-binding protein (CREB)-regulated transcription coactivator 1 (CRTC1) 

est localisé sous sa forme inactive dans le cytosol. Après activation, il entre dans le noyau de la 

cellule, s’associe à CREB et augmente la transcription des gènes dépendants de CREB 103-105. Le CRTC1 

est majoritairement exprimé dans le cerveau et a été associé récemment à la régulation de l’appétit 

et de l’énergie dans des modèles animaux 102. Les souris KO pour le gène CRTC1 montrent une 

hyperphagie et développent sur le long terme une obésité et une hypercholestérolémie 102. La leptine 

activerait le CRTC1 ce qui conduirait à une altération de l’expression de peptides anorexigènes et 

serait à la base de son effet. Aucun SNP lié à une prise de poids ou à l’IMC n’a été décrit pour l’instant 

dans le CRTC1. 

 

Le gène Uncoupling protein 2 (UCP2) code pour un transporteur anionique au niveau des 

mitochondries des adipocytes 90. L’UCP2 joue un rôle dans la transformation de l’énergie en chaleur 

et son expression serait associé à la variation de production de leptine 93,106. Ce gène est associé à 

l’obésité chez l’être humain 93,107,108. 

 

4.2.3.3.  Gènes associés à l’obésité dans des GWAs et des études épidémiologiques 

 

Environ 40-70% du phénotype de l’obésité est transmis par le bagage génétique 92. La détermination 

des gènes associés à l’obésité est effectuée sur des populations générales non psychiatriques et elle 

permet d’améliorer les connaissances sur les mécanismes de la régulation du poids 93. Il sera 

intéressant de déterminer si cette association n’est pas aggravée par une médication induisant 

potentiellement une prise de poids comme les AP. Quelques gènes sont souvent cités pour leur 

association à l’obésité comme le Fat mass and obesity associated gene (FTO) 109-112, le Melanocortin-4 

Receptor (MC4R) 112-114 et le Src homolgy 2 (SH2B1). Les gènes associés au phénotype de l’obésité 

peuvent contribuer seuls (obésité monogénique avec un impact majeur sur le phénotype par un seul 

gène, par exemple, lors de déficience complète de LEP, LEPR et MC4R) ou ils peuvent contribuer de 

façon synergique (obésité polygénique avec une faible contribution de plusieurs gènes, notamment 

pour l’UCP2) 93. Le FTO est un des gènes fréquemment cité dans la littérature 109-112. Une étude GWAs 

a montré l’association de certains SNPs du FTO avec l’obésité et a confirmé les résultats chez les 
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caucasiens, les afro-américains et les hispano-américains 110. Ces gènes sont impliqués dans 

l’homéostasie de l’énergie de la façon suivante: 

 Le FTO est exprimé au niveau de l’hypothalamus, son rôle reste à élucider mais il pourrait activer 

la déacétylation des acides nucléiques et faire partie de la famille des oxygénases. Son expression 

est régulée par les périodes d’alimentation et de jeun 115. 

 Le MC4R est un gène dont la déficience induit chez l’humain une des obésités autosomales les 

plus courantes 92,116. Ce gène joue un rôle dans la régulation de la température corporelle et de 

l’appétence 92. Les souris KO pour ce gène sont hyperphagiques, obèses et présentent une hyper-

insulinémie 117. 

 Le SH2B1 code pour une tyrosine kinase pouvant augmenter la sécrétion de leptine 118. Une méta-

analyse comprenant 15 GWAs l’a identifié comme un des six gènes qui prédispose à une obésité 

chez l’être humain 119. 

 

5. Les stabilisateurs de l’humeur 

 

Le lithium et le valproate ont été incorporés dans ce travail de recherche en raison de leurs effets sur 

la prise de poids (Tableau 4) 2,9. Ils ont en commun le fait d’être utilisés dans le traitement des 

troubles de l’humeur et d’avoir un mécanisme d’action peu connu, tant du point de vue 

thérapeutique que des effets secondaires 22,120. 

Le lithium est un ion utilisé depuis plus de 50 ans dans le traitement des troubles bipolaires, 

particulièrement lors de phases maniaques, qui a montré son efficacité sur la diminution de la 

résurgence des symptômes. Son mécanisme d’action passerait par une inhibition des 

neurotransmetteurs impliquant des messagers secondaires associés à la voie du phosphatidyl-

inositol. Le lithium a un index thérapeutique faible avec des concentrations plasmatiques de 0.5 à 1.2 

mmol/L  22,120,121. Il a un temps de demi-vie d’élimination d’environ 24 heures, n’est pas métabolisé et 

est éliminé à 95% par les reins 2. 

Le valproate (aussi nommé acide valproique) fait partie de la classe des antiépileptiques. Son 

mécanisme d’action reste à élucider mais pourrait agir, entre autre, par une inhibition des canaux 

sodiques voltages dépendants ou par une stimulation de l’action des neurotransmetteurs du type 

acide gamma-amminobutyrique  (GABA). Ce serait par ce biais que le valproate pourrait agir sur les 

symptômes maniaques des troubles bipolaires 22. La fenêtre thérapeutique est de 50 à 100 µg/mL, 

les principales voies métaboliques sont la β-oxydation et la glucuroconjugaison, son temps de demi-

vie est d’environ 11 heures et il est éliminé majoritairement par les reins sous forme de  

métabolites 2,121. 
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La prise de poids est un des effets secondaires importants des antipsychotiques atypiques. Celle-ci 

est particulièrement préoccupante en termes de morbidité et mortalité à long terme puisqu’elle peut 

être associée à une obésité abdominale, une altération du profil lipidique, une hyperglycémie et un 

syndrome métabolique. Des études montrent une prévalence deux à quatre fois plus élevée des 

problèmes métaboliques et une prévalence environ double de décès dus à un problème 

cardiovasculaire dans une population de patients schizophrènes par rapport à la population générale. 

Cet excès de mortalité, lié en partie à la maladie et aux comportements qui peuvent y être associés, 

est aussi en grande partie lié à l'utilisation des antipsychotiques atypiques. D’autres médicaments 

faisant partie de l’arsenal thérapeutique psychiatrique sont également associés à une prise de poids. 

Certains stabilisateurs de l’humeur (notamment le valproate et le lithium) ainsi que certains 

antidépresseurs (notamment la mirtazapine et l’amitriptyline) sont connus pour induire une prise de 

poids. Cette prise de poids, bien que très variable d’un individu à l’autre, peut être importante au 

point d’avoir fait l’objet d’une annonce de pharmacovigilance par l’UPPC au centre national de 

pharmacovigilance Swissmedic pour un cas extrême (voir chapitre I, point 1). 

 

Le but de ce travail de thèse consiste à rechercher des facteurs prédictifs de la prise de poids, des 

différentes complications métaboliques ainsi que d’autres effets secondaires (par exemple, élévation 

du taux de prolactine) pouvant survenir dans une population psychiatrique sous antipsychotique 

atypique et/ou stabilisateur de l’humeur. Ces facteurs peuvent expliquer, en partie, la variabilité 

observée dans la fréquence et l’intensité des effets secondaires sous psychotropes. 

 

Ce travail se base sur les trois études cliniques et pharmacogénétiques initiées par notre unité. La 

variabilité interindividuelle face à ces effets secondaires a été évaluée par l’analyse des facteurs de 

risques cliniques ainsi que par l’analyse de l’influence de polymorphismes de certains gènes liés à la 

pharmacocinétique et à la pharmacodynamique des médicaments psychotropes. Des gènes 

candidats ont également été identifiés dans des études  d’association entre la prise de poids et la 

prescription d’AP, dans des études GWAs sur l’obésité, et/ou des modèles animaux sur l’obésité. 

 

Le but à long terme initié dans ce travail est d’améliorer la sécurité d’utilisation de ces médicaments 

grâce à une meilleure compréhension des facteurs pouvant induire une prise de poids et d’autres 

effets secondaires métaboliques, de pouvoir détecter les patients à risque de ce genre de 

complications, et de prévenir l’apparition de ces effets secondaires. 
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Les buts spécifiques des différentes études étaient les suivants: 

 

Manuscrits I et II : Développer des outils analytiques pour déterminer les concentrations 

plasmatiques de nombreux médicaments psychotropes prescrits aux patients dans les études 

pharmacogénétiques. Ces méthodes permettent notamment de contrôler la compliance au 

traitement ainsi que d'offrir un suivi thérapeutique médicamenteux. 

 

Manuscrit III : Revue de la littérature pour mettre en évidence la mortalité et les comorbidités 

augmentées des patients sous psychotropes en comparaison à la population générale, et souligner la 

nécessité d’une prise en charge globale du patient comprenant en sus de la partie psychiatrique, un 

suivi somatique des paramètres métaboliques. Démontrer par quelques exemples, le rôle des SNPs 

dans la variabilité de la prise de poids. 

 

Manuscrit IV : Identifier la prévalence de certains risques cardiovasculaires dans une population 

psychiatrique et mettre en perspective des facteurs cliniques pouvant influencer l’IMC et la prise de 

poids. 

 

Manuscrit V : Analyser l’influence de polymorphismes de différents gènes liés au métabolisme et au 

transport de la risperidone et de son métabolite principal sur les taux plasmatiques ainsi que leurs 

impacts sur la réponse au traitement. L’influence des SNPs dans les gènes du CYP2D6, CYP3A4, 

CYP3A5, CYP3A7, NR1I2, ABCB1 a été ainsi investiguée. 

 

Manuscrit VI : Etudier l’influence sur l’IMC de certains polymorphismes du gène CRTC1 dans deux 

populations psychiatriques. 

 

Annexe : 

 

Manuscrit VII : Présenter une revue de la littérature sur l’énantiosélectivité potentielle de la protéine 

de transport P-gp, sur les polymorphismes génétiques associés et sur les conséquences cliniques 

observées chez l’être humain. 
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1. Etudes cliniques 

 

Trois études cliniques ont été élaborées et menées par l’UPPC. Elles ont toutes été acceptées par les 

comités d’éthiques des centres dans lesquelles ces études ont été réalisées. Un consentement écrit a 

été obtenu de la part de chaque participant. Ces études sont présentées ci-dessous. 

 

A. Etude prise de poids Genève 

Il s’agit d’une étude transversale rétrospective observationnelle (sans dose ni médication 

recommandées) conduite dans deux secteurs ambulatoires de l’Hôpital Universitaire de Genève. Les 

patients âgés de 18 à 65 ans traités avec la clozapine, l’olanzapine, la quetiapine, la risperidone, le 

lithium et/ou le valproate depuis au moins 3 mois ont été recrutés. Au total, 196 patients ont été 

inclus dans cette étude entre 2006 et 2008. Les manuscrits IV et VI se réfèrent à cette population. 

 

B. Etude Risperdal Consta 

Il s’agit d’une étude transversalle observationnelle. Cette étude s’est déroulée dans les centres 

psychiatriques des Hôpitaux de Lausanne, Genève, Marsens et Königsfelden.  Les patients 

psychotiques âgés de 18 ans et plus, traités actuellement par la risperidone sous forme d’un dépôt 

injectable (Risperdal Consta®), pour au minimum 2 mois, avec au moins 4 injections à la même dose 

ont été recrutés. Au total, 42 patients ont été inclus entre 2007-2009. Cette population est décrite 

dans le manuscrit V.  

 

C. Suivi métabolique Lausanne 

Il s’agit d’une étude longitudinale observationnelle. Les patients provenant de toutes les unités 

hospitalières et ambulatoires du Département de Psychiatrie - CHUV de Lausanne débutant un 

traitement de lithium, valproate, mirtazapine et/ou d’un antipsychotique atypique (amisulpride, 

aripiprazole, clozapine, olanzapine, quetiapine, risperidone, sertindole) ont été recrutés. Cette étude 

a débuté en 2007 et est toujours en cours. Lors de la rédaction de ce manuscrit, plus de 500 patients 

ont été inclus dans l’étude. Le manuscrit VI se réfère à cette population. 

 

L’étude sur le suivi métabolique Lausanne se base sur une directive de bonnes pratiques cliniques 

visant à améliorer la prise en charge somatique de personnes traitées par les médicaments pouvant 

induire une prise de poids. Bien que les conséquences cliniques d’un syndrome métabolique soient 

reconnues par le corps médical, la mise en place d’un tel programme de suivi, a nécessité de grands 

efforts, particulièrement durant les 2 premières années (formation des différents intervenants, aide 

et soutien aux équipes, suivi du projet, etc.). 
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A notre connaissance, le Département de Psychiatrie - CHUV est le premier hôpital en Suisse à 

introduire dans sa routine clinique un programme de soins de cette envergure. 

 

2. Méthodes analytiques 

 

2.1. Le suivi thérapeutique des médicaments 

 

Le suivi thérapeutique des médicaments (TDM de l’anglais therapeutic drug monitoring) consiste 

d’abord à doser le médicament d’intérêt dans le sang, et consiste ensuite à interpréter les 

concentrations obtenues en vue d'individualiser la posologie 121. Bien que l’adaptation de la dose 

d’un médicament permette généralement d’atteindre l’effet thérapeutique souhaité, le TDM est 

recommandé notamment en l’absence de réponse thérapeutique ou en présence d’effets 

secondaires. Il a également montré son utilité pour le contrôle de la compliance, pour déterminer le 

taux associé à une rémission de la maladie chez un patient donné, en cas de suspicion d’une 

interaction médicamenteuse ou pour mettre en évidence un métabolisme particulier (métabolisme 

rapide ou déficient) 121,122.  

Une fenêtre thérapeutique a été proposée pour la majorité des psychotropes dont ceux compris 

dans ce travail de thèse 121,122. L’importance du TDM varie selon la médication. Ainsi, le dosage du 

lithium est obligatoire 2 et s’explique par sa fenêtre thérapeutique étroite, celui de la clozapine et de 

l’olanzapine est fortement recommandé tandis que les dosages des autres antipsychotiques 

atypiques et du valproate sont reconnus comme apportant une aide significative dans le traitement 

121. 

Les études montrent entre 30 et 60 % de mauvaise ou non-compliance pour des  antidépresseurs ou 

antipsychotiques après 6 à 12 semaines de traitement 123-126. Il était donc crucial dans les trois études 

présentées au chapitre III, point 1 de pouvoir exclure les patients ne présentant pas d’effets 

secondaires ou ne répondant pas au traitement en raison d’un manque de compliance. Le TDM 

nécessite des méthodes analytiques fiables et robustes, indispensables dans l’optique d’une prise en 

charge optimale des patients. 

 

2.2. Méthodes analytiques 

 

Une méthode d’analyse de molécules dans des échantillons biologiques à des fins de TDM nécessite 

une validation afin de s’assurer que chaque mesure réalisée ultérieurement sera proche de la valeur 

réelle et comprise dans des limites d’acceptabilité définies pour une application donnée. Les critères 

de validation utilisés dans ce travail pour des échantillons plasmatiques sont adaptés des documents 
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officiels de la Food and Drug Administration 127 et de la commission de la Société Française des 

Sciences Techniques Pharmaceutiques 128,129. 

 

2.3. Critères de validation 

 

Le processus de validation permet de déterminer l’erreur totale d’une méthode analytique. Celle-ci 

se base sur la combinaison d’une erreur systématique (justesse) et d’une erreur aléatoire (fidélité ou 

précision). Tandis que la première permet de déterminer le biais, soit l’étroitesse entre le résultat 

trouvé et la valeur considérée comme vraie, la deuxième  permet d’évaluer la dispersion des 

données. Trois paramètres sont inclus dans la précision. La répétabilité correspond à la variabilité 

déterminée par comparaison de résultats obtenus au cours d’une même expérience. La fidélité 

intermédiaire correspond à la comparaison de résultats obtenus par la même méthode au cours de 

plusieurs expériences successives par des opérateurs différents. Ces deux premiers paramètres 

permettent de déterminer l’erreur aléatoire d’une procédure analytique au sein d’un même 

laboratoire. La reproductibilité correspond à la variabilité mesurée entre deux laboratoires et permet 

le transfert de méthodes. 

La validation comprend également l’évaluation de la spécificité de la méthode, soit la capacité à 

déterminer de façon univoque la présence de la substance dosée.  Les limites de quantification basse 

et haute permettent quant à elles, de déterminer un domaine de concentrations répondant  aux 

critères de la validation. 

Bien que faisant partie des critères additionnels pouvant être évalués durant la validation, la stabilité 

des échantillons a été ajoutée pour répondre aux besoins spécifiques du laboratoire. La stabilité est 

évaluée par comparaison d’une solution de référence avec des échantillons ayant subi des conditions 

de conservation pouvant survenir dans la pratique quotidienne du laboratoire. Ce procédé permet de 

déterminer les conditions spécifiques de transport et de stockage pour les méthodes utilisées. 

 

2.4. La validation 

 

La validation est basée sur l’utilisation du profil d’exactitude comprenant des limites d’acceptabilité 

de 15% conformément aux limites généralement utilisées dans les analyses biomédicales.  Un seuil 

de 20% est toléré pour la limite basse de quantification. Les courbes d’étalonnage sont construites à 

partir du rapport de l’aire du signal de l’analyte sur celle du standard interne. La justesse, la 

répétabilité et la fidélité intermédiaire sont déterminées pour chaque niveau de concentration.  

Dans le cadre de ce travail, le but est de valider la méthode de quantification sur un domaine de 

concentrations comprenant la fenêtre thérapeutique ainsi qu’une limite de quantification basse 
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proche de 1 ng/mL. Ce seuil minimal, parfois très inférieur à la fenêtre thérapeutique, permet de 

mieux différencier un problème de compliance d’une potentielle interaction médicamenteuse et/ou 

d’un métabolisme rapide. Face à une population psychiatrique souvent poly-médiquée, le critère de 

sélectivité a été investigué de façon détaillée, les potentielles interférences analytiques ont été 

déterminées. 

Le laboratoire UPPC, accrédité selon les normes ISO 17025 et ISO 15189, a augmenté le nombre de 

médicaments proposés pour le TDM. Les plasmas des patients inclus dans les études effectuées 

durant ce travail de thèse ont été dosés (plus de 500 échantillons à la rédaction de ce manuscrit).  
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3. Manuscrit I : Therapeutic drug monitoring of 7 psychotropic drugs and 4 metabolites in 

human plasma by HPLC-MS 

 

Le manuscrit I décrit une méthode de quantification dans le plasma de quatre antipsychotiques 

atypiques : l’aripiprazole, la clozapine, le sertindole et l’olanzapine ; deux antidépresseurs : la 

duloxetine et la venlafaxine et un médicament utilisé dans le traitement de l’hyperactivité : 

l’atomoxetine ainsi que leurs principaux métabolites. La méthode permet de les doser 

simultanément et dans un domaine couvrant leur fenêtre thérapeutique et descendant jusqu’à une 

limite basse proche de 1 ng/mL. Répondant aux critères de la validation, cette méthode a été 

introduite dans les analyses accréditées proposées par le laboratoire. Les plasmas des patients inclus 

dans les différentes études et traités par ces psychotropes ont été dosés. 

 

Journal of pharmaceutical and biomedical analysis. 2009 Dec 5; 50(5): 1000-8 
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4. Manuscrit II : Quantification of 4 antidepressants and a metabolite by LC-MS for 

therapeutic drug monitoring  

 

La méthode décrite dans l’article II permet le dosage dans le plasma de quatre antidépresseurs : le 

bupropion, le moclobemide, la reboxetine et le trazodone et un métabolite dans un domaine 

couvrant leur fenêtre thérapeutique. Le développement est similaire au précédent avec la différence 

de l’ajout d’un ion de confirmation permettant  de garantir d’autant plus la sélectivité. Répondant 

aux critères de la validation, cette méthode a été introduite dans les analyses accréditées. Une année 

d’analyses dans les conditions d’une routine de laboratoire sur des échantillons de patients ont 

montré la fiabilité de la méthode. 

 

Journal of Chromatography B. 2011 June 1; 879 (19): 1544-1550. 
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1. Partie clinique 

 

1.1. Manuscrit III (revue) : Suivi du syndrome métabolique induit par les antipsychotiques 

atypiques : recommandations et perspectives pharmacogénétiques.  

 

L’article III décrit une revue de la littérature sur les effets des AP, particulièrement sur leurs effets 

métaboliques. En passant des antipsychotiques classiques aux AP, un transfert de la fréquence des 

effets secondaires graves, soit des effets extrapyramidaux vers des complications métaboliques, a 

été observé. Une prévalence de risques cardiovasculaires supérieure à la normale et une 

augmentation de la mortalité somatique (autre que suicides) sont observées dans les populations 

psychiatriques 130,130-132 Les recommandations adoptées par le Département de Psychiatrie – CHUV 

1,6,133,134 prévoient le contrôle des paramètres métaboliques (taux de cholestérol, triglycérides, 

glucose, etc.) à certains intervalles de temps. Certains gènes, dont celui de la leptine et le récepteur 

serotoninergique 5HT2C, illustrent l’influence du bagage génétique sur la prise de poids pour les 

individus traités par AP 5,67,135. 

 

Revue Médicale Suisse 2008 Sep 17; 4(171): 1994-99 
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1.2  Manuscrit IV: Psychotropic drug induced weight gain and other metabolic  

complications in a Swiss psychiatric population. Manuscrit soumis pour publication. 

 

L’article IV décrit les comorbidités somatiques observées dans une population psychiatrique. La prise 

de poids et les risques cardiovasculaires rencontrés chez des individus traités au long cours par des 

psychotropes induisant potentiellement une prise de poids sont discutés. Au total, les échantillons 

provenant de 196 patients ont été analysés (patients Etude prise de poids Genève). A l’instar d’autres 

études menées dans d’autres pays, cette étude montre que la prédisposition à des risques 

cardiovasculaires est élevée pour les individus prenant un traitement psychotrope, avec notamment 

une prévalence de 38% de patients obèses et 21% de patients avec une hypercholestérolémie. Une 

prise de poids supérieure à 10% du poids initial est rencontrée chez 47% des patients. Une 

augmentation d’appétit provoquée par l’instauration du traitement, le type de médication utilisé et 

le genre du patient sont associés à l’évolution de l’IMC. Dans une population psychiatrique où une 

mortalité plus élevée que dans la population générale a été reportée, nous montrons ainsi une 

prévalence élevée de différents risques cardiovasculaires et une prise de poids cliniquement 

importante suite à l’instauration du traitement psychotrope. Cette étude confirme la nécessité de 

contrôler les paramètres métaboliques chez les individus traités par certains psychotropes, comme 

les antipsychotiques atypiques, le lithium et/ou le valproate. 
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Abstract: 

 

The aim of the study was to describe the weight gain-related side-effects of psychotropic drugs and 

their consequences on metabolic complications (hypercholesterolemia, obesity) in a Swiss cohort of 

psychiatric patients. A cross-sectional observational study was performed in two out-patient 

psychiatric centers with patients receiving for more than 3 months the following drugs: clozapine, 

olanzapine, quetiapine, risperidone, lithium, and/or valproate. Clinical measures and lifestyle 

information (smoking behaviour, physical activity) were recorded. In total, 196 were included in the 

study. Weight gain (10% of initial weight) following drug treatment was reported in 47% of these 

patients. Prevalence of obesity (BMI 30), hypercholesterolemia ( 6.2 mmol/L) and low HDL-

cholesterol (< 1.0 mmol/L in men, < 1.3 mmol/L in women) were present in 38%, 21%, and 27% of 

patients, respectively. A higher standardised dose, an increase of appetite following medication 

introduction, the type of medication (clozapine or olanzapine > quetiapine or risperidone > lithium or 

valproate), and the gender were shown to be significantly associated with evolution of BMI. In 

conclusion, high prevalence of obesity and hypercholesterolemia was found in an outpatient 

psychiatric population and confirms drug-induced weight gain complications during long-term 

treatment. The results support the recently published recommendations of monitoring of metabolic 

side effects during treatment with atypical antipsychotics. Moreover, the weight gain predictors 

found in the present study could help to highlight patients with special health care management 

requirement.  
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1. Introduction 

Weight gain related side effect was shown for several therapeutic classes including anti-HIV drugs, 

antidepressants (in particular the tricyclics), second generation antipsychotics (SGA) or so-called 

atypical antipsychotics, and some mood stabilizers (MS). The atypical antipsychotics commonly used 

as first line treatment are not themselves devoid of side-effects and many recent publications have 

drawn attention to the emerging risk of developing metabolic complications including weight gain, 

diabetes or dyslipidemia (De Hert et al., 2009;Stahl, 2008;American Diabetes Association et al., 

2004). Thus, clozapine and olanzapine are frequently associated with the highest weight gain values, 

followed by quetiapine and risperidone  and finally, aripiprazole, amisulpride and sertindole are also 

associated with weight gain risks, but to a lesser extent and for a smaller percentage of patients 

(Hasnain et al., 2009;Komossa et al., 2010;Meyer, 2007;McIntyre et al., 2001;Wirshing et al., 

1999;Basson et al., 2001;Newcomer & Haupt, 2006;Leucht et al., 2009;Tschoner et al., 2007). 

Expectedly, longer SGA treatment durations are associated with increased risks of weight gain (Zheng 

et al., 2009). In addition, other drugs such as valproate and lithium, two mood stabilizers (MS), can 

equally contribute to metabolic complications in psychiatric patients, especially through an increase 

in body weight (Vieweg et al., 2008;Compendium Suisse de Médicaments®, 2010).  

 

Drug induced weight gain is a challenging issue for physicians. Not only because it can jeopardise the 

patients self-confidence and increase the risk of relapse by compromising treatment compliance 

(Weiden et al., 2004), but it could also be considered as the first step towards the development of 

obesity and other metabolic complications, such as hyperlipidemia, diabetes mellitus or 

cardiovascular heart diseases, which can ultimately reduce life expectancy by several years (Lakka et 

al., 2002;Isomaa et al., 2001;Stahl, 2008). Thus, an increase in the natural mortality rate of 1.5 to 2-

fold as compared to the general population was reported for depressed, bipolar and schizophrenic 

patients (Laursen et al., 2007;Angst et al., 2002), which appears to be mainly due to a two-fold excess 

of cardiovascular risk factors (McEvoy et al., 2005;Osby et al., 200;Musselman et al., 1998;Van der 

Kooy et al., 2007;Birkenaes et al., 2007;Cohn & Remington, 2003). Thus, several studies reported a 

higher prevalence of MetS in bipolar and schizophrenic patients as compared to the general 

population, suggesting that the difference in the vulnerability to MetS between various psychiatric 

disorders should be investigated in more details (Fiedorowicz et al., 2008;Correll et al., 2008;Sicras et 

al., 2008;Birkenaes et al., 2007;van Winkel et al., 2008b). As a consequence, consensus reports have 

recommended to monitor closely for iatrogenic weight gain side effects and other metabolic 

complication in psychiatric patients receiving SGAs (De Hert et al., 2009;American Diabetes 

Association et al., 2004). 
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The major aim of the present study was to estimate the prevalence of obesity and 

hypercholesterolemia, two metabolic complications, in a chronic psychiatric population from 

Switzerland and to evaluate the influence of SGAs and MS on weight gain in this population. 

 

2. Materials and methods 

2.1. Subjects 

Patients between 18-65 years old with a prescription for at least 3 months of one or several of the 

following psychotropic drugs were recruited: clozapine, olanzapine, quetiapine, risperidone, lithium, 

and/or valproate. No exclusion criterion was set for this study. All concomitant medications were 

allowed. The study was conducted in two out-patient psychiatric centres of the Geneva University 

hospital (Jonction and Servette). Diagnosis was made by their current psychiatric physician according 

to the ICD-10 diagnostic scale. 

 

Enrolment occurred between June 2006 and May 2008 during one of the patients usual follow-up 

examination. The visit could take place at any time during the day regardless of the drug and food 

intake. This cross-sectional study performed in a naturalistic setting was approved by the Ethics 

Committee of the University of Geneva. All patients gave written consent to participate in the study 

after oral and written information. In the case of a patient with a legal tutor, the approval of the 

tutor was obtained as well. 

 

2.2. Measurements 

Body weight, sex, age, height, previous and current psychotropic treatment and comedications were 

extracted from the medical record. Different lifestyle factors, tobacco consumption, physical activity 

defined as any daily sport and/or walking activity (to go to work, to the bus, climbing stairs, etc.), for 

< 1H or > 1H were based on patient declaration. Self-reported appetite modification (decreased 

appetite, no change, increased appetite), baseline weight and weight change after 1, 3, and 6 months 

under SGA and MS treatment were directly obtained from the patient.  

 

Blood samples were collected and samples were sent to the laboratory of the unit of 

pharmacogenetics and clinical psychopharmacology and stored at –20 °C until analysis. 

Measurements of SGAs concentrations were performed by liquid chromatography – mass 

spectrometry as described previously (Choong et al., 2009;Albrecht et al., 2004). The validated 

method for risperidone determination allows the simultaneous dosage of quetiapine (data available 

on request). Due to the instability of olanzapine (Choong et al., 2009;Heller et al., 2004) and the long 

duration between blood samplings and plasma level determinations, this drug could not be 
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measured for the patients included in the present study. Except for patients with evidence of side-

effects (i.e. weight gain) following the introduction of olanzapine (n= 19), the patients receiving this 

drug were not included in the statistical analyses of drug induced weight gain (i.e. we could not be 

certain that no-weight gain could not be due to low or undetected plasma levels, see below). 

Measurement of lithium plasma levels was performed with an ion specific electrode apparatus 

(EasyLyte, Medica, Châtel-St-Denis, Switzerland). Total cholesterol (CHOLtot), HDL cholesterol (HDL) 

and valproate plasma levels were quantified by a Cobas Integra 400 (Roche Diagnostic, Basel, 

Switzerland).  

 

Body mass index (BMI) was calculated as weight/height2 (kg/m2) and was considered as normal (BMI 

18.5 to <25 kg/m2), overweight (BMI 25 to <30 kg/m2), obesity (BMI ≥ 30 kg/m2) (from here-after 

called normal, intermediate and high BMI) (National Institute of Health, 2002). Target levels for 

CHOLtot and HDL were defined as CHOLtot  ≤ 6.2 mmol/L, and HDL as ≥  1.3 mmol/L for women and 

as ≥ 1.0 mmol/L for men according to the National Cholesterol Education Program (National Institute 

of Health, 2002). Dyslipidemia criteria were met when CHOLtot levels and/or HDL were outside the 

target limits and/or when lipid lowering agent was prescribed. As blood samples were taken at 

anytime regardless of fasting period, triglycerides were not measured in the present study. 

 

An increase of 10% of baseline weight was considered as an important weight gain. An arbitrary 

threshold at 10% of the minimal therapeutic drug plasma concentration (Baumann et al., 2004) (i.e. 

35, 2, 7, 2 ng/mL, 0.05 mmol/L and 5 mg/L for clozapine, olanzapine, quetiapine, risperidone + 

hydroxy-risperidone, lithium, and valproate) was chosen to indicate a suspicion of compliance issue 

and/or a rapid metabolism and/or pharmacokinetics drug interaction and/or low standardised dose 

prescription (e.g. prescription of 50 mg/day of quetiapine for sleep disorders). Such patients (n= 21) 

were included in the epidemiology analyses but were not considered for weight gain analyses. 

 

2.3. Statistical analysis 

Dose standardization (i.e. z-score transformation to obtain a mean of 0 and a standard deviation of 1, 

obtained by the mean dose subtracted from the raw dose and divided by the standard deviation of 

the dose) was done for each medication and each inclusion site, which allows using this standardised 

dose in the analyses regardless of the medication type. Thus a mean of 0 indicated that the 

administered dose was equal to the mean dose of the centre.  

Kruskal-Wallis, Mann-Whitney tests as well as Pearson’s chi-squared and Fisher exact tests 

(whenever the Pearson’s chi-square is not anymore reliable) were used to assess any association 

between metabolic complication in continuous traits (weight gain, CHOLtot levels, HDL levels) and in 
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categorical traits (BMI categories (BMI < 25, 25-30, ≥ 30 kg/m2), obesity (BMI≥ 30), important weight 

gain (> 10% of baseline weight), dyslipidemia, and studied medication) with clinical variables (gender, 

age, diagnosis, smoking status, standardised doses, treatment duration, etc.). Moreover, categorised 

variables such as important weight gain were analysed using logistic regressions by controlling the 

model with specification link test for single-equation models (linktest command in Stata) (Pregibon, 

1979;Pregibon, 1980;Tukey, 1949). Finally, correlations between continuous traits were performed 

using Spearman correlation test (rs). Measurements are given as median with the interquartile range 

unless otherwise stated. 

 

Because of the complicated evolution trend of weight gain, a generalized additive mixed model  was 

used which allows a semi-parametric flexible trend for weight gain versus time (Wood, 2006). The 

test was performed to fit the response variable (i.e. BMI which was log transform to obtain 

parametric data) for patients with drug plasma levels above the value corresponding to 10% of the 

minimal therapeutic level (see above) from both centres, taking into account several covariates (age, 

age at the beginning of the treatment, gender, standardised dose, current studied medication, 

comedication with a potential impact on weight (concomitant drugs potentially causing an increased 

of weight: other SGA, mirtazapine, clomipramine, mianserine, cetirizine, tibolone; concomitant drugs 

potentially causing a decreased of weight: fluoxetine, venlafaxine, metformin, topiramate 

(Compendium Suisse de Médicaments®, 2010), treatment durations, physical activity, smoking 

behaviour, alteration of appetite following MS or SGA introduction, and initial BMI). The validity of 

the model was assessed by graphical residual diagnostics. The psychotropic drugs were considered 

separately or in 3 categories grouped according to their expected effects on weight: clozapine with 

olanzapine, risperidone with quetiapine, lithium with valproate (Leucht et al., 2009;Newcomer, 

2005;Tschoner et al., 2007;McIntyre & Konarski, 2005) or according to their therapeutic classes (SGA 

vs. MS). The medication with the longest treatment duration was considered as the influential 

medication in the analyses while the other drug(s) of interest (clozapine, olanzapine, quetiapine, 

risperidone, lithium, and/or valproate) were considered as concomitant drugs potentially causing an 

increased of weight.  

 

The significance threshold is fixed at p-value of  0.05. Statistical analyses were performed using 

Stata 10 (StataCorp, College Station TX, USA) and using R environment for statistical analysis version 

2.11.1 for model-fitting purposes (2010). 
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3. Results 

3.1. Patient characteristics 

Among the 200 included patients, 4 were withdrawn (not completed report form (n= 1), treatment 

duration shorter than 3 months (n= 1), treatment not taken into account in the protocol (i.e. 

amisulpride, n= 2) leading to a total of 196 patients. Extremely low drug plasma concentrations (see 

Material and Methods) were measured in 21 patients and their data were not included in the 

assessment of the weight gain-related side effect but were used for all other analyses (lipid levels 

analysis, standardised dose, obesity prevalence, etc.). The whole cohort is composed of 86% 

Caucasian, 55% male, with a median age of 41 years (range: 34-48) (women 43 y, range: 35-49; men 

40 y, range: 33-47). Patients met the following ICD-10 diagnosis: mood affective disorder (ICD-10: 

F30-F39; n= 89), schizophrenia, schizotypal and delusional disorders (F20-F29; n= 87), neurotic, 

stress-related and somatoform disorders (F40-F48; n= 7), adult personality and behavioural disorders 

(F60-F69; n= 6) including one patient with an alcohol dependence syndrome, organic including 

symptomatic disorders, mental disorders (F00-F09; n= 3), mental and behavioural disorders due to 

psychoactive substance use (F10-F19; n= 2), and pervasive developmental disorders (F80-F89; n= 1). 

Finally, the diagnosis for 1 patient was not defined. The population characteristics are summarised in 

Table 1. The median of current SGA and/or MS treatment duration was 2.3 years (range: 0.9-5.6). 

SGA were prescribed to 136 patients, with the following distribution: risperidone (21%), quetiapine 

(18%), clozapine (14%), and olanzapine (16%). The remaining 60 patients were receiving a mood 

stabilizer with the following distribution: lithium (18%), valproate (13%). No significant difference of 

prescription was found between genders (p>0.1). 

 

The mean daily doses are given in Table 2. Among the 196 patients, 18% of patients had a second 

study medication and 3% had in total 3 studied drugs. The most frequent association were 

quetiapine-lithium (n= 8), risperidone-lithium (n= 5), and valproate-clozapine (n= 8). Prescription of 

more than 1 studied drug is higher for MS than SGA (p< 0.001) with 48% of patients on MS compared 

to 11% on SGA taking a second drug of interest. The present cohort has in majority experienced 

other antipsychotic drugs since the psychiatric onset. A percentage of 26% having previously been 

prescribed a MS and 57% a SGA with 4% and 16% of patients declared having previously experienced 

2 different MS or SGA, respectively before the current medication (called from hereafter previous 

treatment). No previous treatment was recorded for 67 patients. Regarding the current prescription, 

patients received one concomitant drug potentially causing an increased of weight (amisulpride n= 

10, aripiprazole n= 3, mirtazapine n= 8, clomipramine n= 4, mianserine n= 1, cetirizine n= 1, tibolone 

n= 1). On the other hand, some patient received comedication inducing weight loss (fluoxetine n= 3, 

venlafaxine n= 24, metformin n= 3, topiramate n= 4). A few of them had two concomitant drugs that 
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could alter the weight, by inducing either an increase (mirtazapine with amisulpride, n= 1), a 

decrease (fluoxetine with topiramate, n= 1), or in an opposing way (venlafaxine with aripiprazole n= 

1, venlafaxine with mirtazapine n= 3, topiramate with mirtazapine n= 1, and metformin with 

amisulpride n= 1) (Compendium Suisse de Médicaments®, 2010). Finally, some patients were also 

receiving pharmacological treatments in relation to the metabolic syndrome, with a lipid lowering 

agent, antihypertensive, or antidiabetic drugs prescribed to 4% (4 women; 4 men), 7% (5 women; 9 

men) and 6% (7 women; 4 men) of patients, respectively. 

 

3.2. Metabolic complications 

The median BMI in the whole group is 27.9 kg/m2 (range: 24.2 - 31.4), which is in line with other 

European studies with schizophrenic patients (Bobes et al., 2007) or with patients with mood 

disorders (Salvi et al., 2008;McElroy et al., 2002;Sicras et al., 2008). Approximately 30% of patients in 

the cohort were overweight (n= 59, 22% of women and 37% of men) and 38% were obese (n= 74, 

32% of women and 43% of men). As expected, median BMI was higher in males compared to females 

(25.8 kg/m2, range: 22.5 - 31.0 for women compared to 28.4 kg/ m2, range: 25.5 - 31.6 for men, p= 

0.015) (Schokker et al., 2007). Accordingly, frequencies of overweight and obese patients varied 

between gender, with 37% and 22% of overweight, and 43% and 32% of obese male and female 

patients, respectively (p< 0.001). No significant differences between patients taking MS and those 

taking SGA were found regarding obesity on a whole (p= 0.6) or for patients receiving a single drug 

(p= 0.8). Although no control group was included in the present study, we found an approximately 

twice higher prevalence of obesity when compared to several Swiss general population cohorts, with 

prevalence between 5 to 14% for women and 11 to 18% for men of similar or slightly older age 

(Figure 1) (Chiolero et al., 2008;Firmann et al., 2008;Office féderal de la statistique, 2009;Fondation 

Suisse de Cardiologie, 2002). On the other hand and interestingly, the prevalence of overweight 

patients in the present cohort is similar to or slightly lower than the general population (Figure 1). 

 

High CHOLtot levels were observed in 21 % of the patients (20% in women, 22% in men), and low 

HDL levels were observed in 27 % of patients (30% in women, 25% in men) (Table 1) (National 

Institute of Health, 2002). Taking into account that lipid lowering agents were prescribed to 4% of 

patients, dyslipidemia (see materiel and methods) was observed in up to 47% of patients (43% in 

women, 57% in men). Finally, 60% of patients were smokers (median number of cigarettes per day, 

range: 20, 20-30 cigarettes), which adds another cardiovascular risk factor. 
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3.3. Weight gain during treatment 

Self-reported body weights were evaluated for reliability in the subset of patients for whom body 

weights were recorded in the medical files. Estimated baseline body weight and at different time 

points after treatment initiation were thus compared to body weight found in medical records for 29 

patients (mean treatment duration: 2 years; range: 0.25-14 years). An excellent concordance was 

found (rs = 0.97, p < 0.0001) between weight modification estimated by the patient (median: 6 kg; 

range: 3 kg - 11 kg) and the one recorded in the medical file (median: 6 kg; range: 1 kg - 10 kg). 

Moreover, baseline self-reported and recorded body weight were not found to be significantly 

different (p= 0.3).  

Regarding the patients estimation on the drug being responsible for their greatest weight gain 

(during the past and current treatment prescription), 58%, 54%, 43%, 32%, 26% and 21% of patients 

receiving olanzapine, clozapine, risperidone, valproate, quetiapine and lithium, respectively, stated 

that this drug was the drug which induced the most severe weight gain. Weight modification from 

drug initiation to inclusion in the study was available for 157 patients. Among them, 142 had blood 

levels above the minimal threshold (see material and methods) and were subsequently tested for the 

weight gain analyses. Wide interindividual variability was found for weight gain with a change from -

29 kg to + 51 kg (min/max) during a median treatment length of 2.3 (range: 0.9 - 5.6) years. No 

difference in weight change was found between genders (p= 0.9), between Caucasians (n= 125) and 

any other ethnic population (n= 17, p= 0.9), smokers and non-smokers (p= 0.8), and groups with and 

without physical activity (p= 0.8). In marginal analyses, weight gain shows a tendency for a positive 

correlation with treatment duration (rs= 0.15, p= 0.08) while it shows no significant correlation with 

the age at the beginning of treatment (rs= -0.10 , p= 0.2), or with the current age (rs= -0.04 , p= 0.6). 

 

Since 23% of the whole cohort had more than one studied drug (19% had two studied drugs and 4% 

had 3 studied drugs), the additional impact of concomitant drugs potentially causing an increase of 

weight was also examined. No evidence was found to confirm the influence of additional medication 

on the drug-induced weight gain with 6 kg (n= 105, range: 1-13) and 9 kg (n= 37, range: 5-13) in 

patient receiving one and more than one drug, respectively (p= 0.15) while the duration of treatment 

was not significantly different between patients with one or more than one studied drugs (p= 0.3). 

When taking all comedications known to potentially alter body weight into account (see 3.1 Patient 

characteristics), a non-significant difference (p= 0.2) was found between the groups of patients 

receiving medication inducing weight loss, medication with no influence on weight and medication 

inducing weight gain (5.9 kg (n= 14, range: 2-9); 6.5 kg (n= 77, range: 2-13) and 8.4 kg (n= 51, range: 

4-13), respectively). 
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Comparing patients receiving MS to patients receiving SGA, no significant difference in weight gain 

was found between the two groups (6 kg (n= 53, range: 2.5-13) vs. 7 kg (n= 89, range: 2-15), 

respectively, p= 0.5), while both groups had an almost similar treatment duration (2.7 years, range: 

0.9-7.2 vs. 2.1 years, range: 1.0-5.3, p= 0.5, respectively). In the whole collection of data, the weight 

change was not significantly associated with the type of studied drugs when analysed separately (p= 

0.21), however, considering the subgroups of patients free of other drugs potentially linked to weight 

gain (n= 91), a significant weight gain difference was found between all studied drugs (p= 0.035), 

despite similar treatment durations (p= 0.07). In addition, grouping the type of medication by their 

expected impact on weight gain (see Material and Methods), the body change remained significant 

(p= 0.043), with a median weight change for clozapine or olanzapine, risperidone or quetiapine, 

lithium or valproate of 8.2 kg (n= 28, range: -4.2 kg - +16.0 kg), 5.3 kg (n= 45, range: 2.0 - 15.5 kg), 

and 2.4 kg (n= 18, range: 0.0-7.0 kg), respectively. 

 

The weight gain induced by previous treatments shows a significant negative association with the 

weight gain induced by the present treatment (n= 134, rs= -0.21, p= 0.016), i.e. patients who had 

already experienced a strong weight increase during a previous treatment tended to gain less weight 

on their current medication, when compared to patients who experienced a weaker weight gain 

during a previous treatment. Thus, dividing patients into three groups of equal size, based on the 

severity of their weight gain induced by previous treatment (low, intermediate, and high previous 

weight gain), their median weight gain during the current treatment was found to be 8 kg (n= 57, 

range: 3-15), 8 kg, (n= 35, range: 5-13), 3.7 kg, (n= 42, range: -2 - +12), respectively (p= 0.033). 

Similarly, the BMI at the beginning of the treatment was significantly correlated with BMI change (rs= 

-0.18, p= 0.030). Patients with lower baseline BMI experienced a higher increase of BMI (p= 0.035), 

with BMI gain of 2.7 kg/m2 (n= 72, range: 1.4 - 4.7), 2.4 kg/m2 (n= 51, range: 0.7-5.0), and 0.3 kg/m2 

(n= 19, range: -2.3 kg/m2 - +2.7 kg/m2) for normal, overweight, and obese features at baseline; this 

finding is in line with a report showing that lower baseline BMI is a predictor of more important 

weight gain (Kinon et al., 2001;Basson et al., 2001).  

 

An important weight gain at the final follow-up (≥ 10% of the baseline body weight) was found in 

47% patients (n= 67, see Table 1). A logistic regression was used to investigate the combined effect of 

age, sex, past weight gain, medication (according to their worsening effect on weight), and treatment 

duration on an increased weight of at least 10%. The contributions of medication and of previous 

weight gain were found significant in the model, adjusted for age, sex and treatment duration, with a 

pseudo-R2 of 15%. Compared to clozapine or olanzapine, both the prescription of risperidone or 

quetiapine (p= 0.034), and of lithium or valproate (p= 0.008) were found to be less likely to induce an 
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important weight gain (odds ratio = 0.29 (CI: 0.09-0.91) and 0.17 (CI: 0.04-0.63), respectively). 

Moreover, the past weight gain showed to be a protective factor (odds ratio 0.93 (CI: 0.87-0.98), p= 

0.011). 

 

Finally, using either weights recorded in the medical files or those self-reported, weight increase at 3 

(n= 44, 8 recorded, rs= 0.61, p< 0.0001) and 6 months of treatment (n= 48, 9 recorded, rs= 0.70, p< 

0.0001) were found to be good predictor for long term weight gain (> 6 months), but not at 1 month 

(n= 42, 1 recorded) (rs= 0.17, p= 0.27). Figure 2 presents the median weight gains after 3 months and 

6 months, and the weight gain at the time of inclusion, when grouping the weight gains after 3 

months of treatment into 3 tertiles (low, intermediate and high increases of weight). 

 

3.4. Appetite modification 

More than half of 193 patients reported a change in their feelings of satiety following the 

introduction of their current treatment, with 48% having an increase of appetite, and 5% describing a 

diminution of appetite; regardless of the medication. The weight gain was significantly associated 

with the appetite change, with weight change of 10 kg (n= 68, range: 6-18 kg), 4 kg (n= 67, range: 1-9 

kg) and -2 kg (n= 5, range: -20 kg - +5 kg) for patients experiencing an increase of appetite, no change 

in appetite and a decrease of appetite (p= 0.0001). In the whole group, no difference of self-reported 

appetite was found when examining each drug (p= 0.6) or each class (i.e. SGA vs. MS, p= 0.26) 

separately. On the other hand, considering the subgroup of patient with one single drug linked to 

weight, an increase of self-reported appetite was reported by 50% of patients treated with a SGA (n= 

111) compared to only 21 % patients treated with a MS (n= 19, p= 0.025). 

 

3.5. Mixed-model approach 

A mixed-model was used to investigate which clinical variables can influence BMI evolution under 

treatment. The effect of the studied medication (grouped according to their expected impact on 

weight), standardised doses, concomitant drugs potentially causing an increase in weight, age, 

gender, appetite change, physical activity, duration of treatment and the drug plasma levels 

threshold corresponding to 10% of the minimal therapeutic level were considered. The model 

allowed to take into account the whole cohort (n= 196). A significant association was found between 

BMI during treatment and the type of studied medication, with a significantly lower BMI with lithium 

or valproate (p= 0.005), and risperidone or quetiapine (p= 0.032) as compared to clozapine or 

olanzapine. Moreover, gender (p<0.001), appetite change (p= 0.027), standardised dose (p<0.001), 

and drug plasma levels threshold (p= 0.034) were found to influence BMI evolution but not physical 

activity (p= 0.22) and concomitant drugs potentially causing an increase in weight (p= 0.84). Based on 
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the model, predicted BMIs after 24 months with the current treatment are shown in Table 3. 

Evolution of BMI controlling for age over treatment duration for each gender regardless of the 

studied drugs is shown in Figure 3 (p= 0.008). Since appetite was self-reported and several factors 

might influence it, we performed the mixed model analysis without this factor. Similar results were 

obtained (data not shown). Physical activity was significantly associated to BMI when the 

standardised dose is not taken into account (p= 0.020). All positive associations found in the present 

report for drug-induced weight gain were independent of the psychiatric diagnostic of the patients 

(p> 0.2) or the number of studied drugs (p= 0.6).  

 

4. Discussion 

Increased mortality observed in psychiatric patients can be, in part, explained by the high prevalence 

of cardiovascular risk factors. Besides psychiatric illnesses and other environmental and life-style 

factors, an important modulator of cardiovascular risks is the prescription of psychotropic drugs. To 

our knowledge, this is the first study to examine the prevalence of weight gain and subsequent 

cardiovascular risk factors in a Swiss psychiatric population under long-term SGA and/or MS 

treatment. The present results showed a mean BMI of 28 kg/m2, corresponding to an overweight 

status, a high prevalence of patients having high CHOLtot levels (21%), dyslipidemia (47%), and 

smoking habits (60%), thus confirming the high prevalence of cardiovascular risk factors found in 

other European psychiatric populations (De Hert et al., 2010;van Winkel et al., 2008a;Garcia-Portilla 

et al., 2009;Birkenaes et al., 2007;Salvi et al., 2008;De Hert et al., 2006). It should be noted that the 

prevalence of cardiovascular risk factors in this Swiss psychiatric population is higher than in the 

general Swiss population of the same average age, with obesity and smoking prevalence being about 

1.5-2 times more frequent.  

Of note, according to the cardiovascular risk management proposed by the European psychiatric, 

cardiology and diabetes societies (De Hert et al., 2009), statins may be required to achieve CHOLtot ≤ 

5 mmol/L. In the present cohort, only 4% of the patients received lipid lowering agents while 21% 

patients had high CHOLtot levels (mean CHOLtot: 7.1 ± 0.7 mmol/L for patients above the threshold). 

This underlies the underestimated risk of somatic disease management in psychiatric population. 

 

In the present study, the percentage of obese patients was 38% with a median treatment duration of 

2.7 years (min=0.3, max=14 years). Although 66% of patients were previously treated with other SGA 

(56%) and/or MS (26%) in the past, the participants remain vulnerable to weight gain during their 

current treatment. Interestingly, past weight gain somehow masked the impact of current treatment 

as previous weight gain was negatively correlated with weight gain induced by the current drug. On 

the same line, a low baseline BMI was found to be a risk factor for a stronger weight gain during drug 
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treatment, which is in agreement with some (Umbricht et al., 1994;Wetterling & Mussigbrodt, 1999) 

but not all reports (Gebhardt et al., 2009). In the present study, both the baseline BMI before 

treatment and the weight gain at 3 and 6 months of treatment were predictive for the long term 

weight gain. The latter result is in agreement with reports showing that the weight change is mostly 

noticeable during the first year of treatment, the weight often reaching thereafter a plateau (Kinon 

et al., 2001;Zimmermann et al., 2003;Wirshing et al., 1999). 

 

A mixed model showed that BMI was associated with gender, type of medication, standardised dose, 

appetite and higher blood levels. In another study, a positive association between higher blood levels 

and weight gain was reported for clozapine and olanzapine although no clear association was found 

with their daily dose and with the other atypical antipsychotics (Simon et al., 2009). We used the 

mathematical tool “standardisation” to allow comparison between the different drug doses. Our 

results suggested a positive association between BMI and increased standardised dose but this can 

however not be extrapolated to the daily dose for each specific treatment. The model showed that 

the strongest increase of appetite was constantly and significantly associated with the greatest 

weight gain. The effects of SGA on appetite change, has already been described (McIntyre et al., 

2001;Theisen et al., 2003;Gebhardt et al., 2007). The drug action on satiety feeling and the weight 

gain mechanisms are only partially understood (Stahl, 2008). Several studies suggest the involvement 

of hypothalamic receptors involved in the energy expenditure and satiety pathway, such as the 

histamine H1 and serotoninergic 5HT2 receptors (Baptista, 1999;Taylor & McAskill, 2000;Chagnon, 

2006;Zimmermann et al., 2003;Stahl, 2008). Clozapine and olanzapine, as strong antagonists of these 

receptors, are associated with the highest weight gain. Interestingly, physical activity is significantly 

and negatively correlated with drug induced weight gain, although this association became no more 

significant when drug standardised doses were taken into account. For clinical purposes, we 

calculated predicted BMI at 24 months for less or more than 1 hour of daily physical activity 

(including sport but also softer activity such as walking). Although our result did not reach 

significance, a 0.7 kg/m2 lower predicted BMI value was found for patient practising more than one 

hour of daily physical activity. This is in line with reports recommending regular exercises as 

prevention and treatment of established obesity (Alvarez-Jimenez et al., 2008;De Hert et al., 2009).  

 

The limitations of the study should be discussed. Firstly, the design of the study, with a cross-

sectional analysis, heterogeneous treatment durations, and the absence of a control group implies 

that the different causes of weight gain could only be hypothesised but not be demonstrated with 

certainty. The present results are however in agreement with previously published studies. Secondly, 

the patients were recruited in out-patient psychiatric centres from a single city and the results should 
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be generalized with caution. Thirdly, the effect of weight gain could be masked by previous 

treatment impact as well of years of illness as suggested by our results. Thus, the majority of patients 

in our cohort are not drug naive; therefore the impact of medication on weight might be more 

important than what we have found. The impact of previous treatments is also possibly contributing 

to the strong weight losses observed in some patients, probably when switching from a drug inducing 

a strong increase of weight to another with a more favourable profile concerning this side-effect. 

Finally, this cohort is only constituted of patients wishing to be enrolled in a study examining the 

prevalence of weight gain induced by drugs, which might introduce a bias towards increased reports 

and increased frequencies of such side-effects. On the other hand, patients who had previously 

presented severe side-effects in relation to the metabolic syndrome may have been switched to 

other drugs less likely to induce metabolic risks and might be therefore under-represented in this 

cohort. 

 

Some important clinical studies have already investigated the prevalence of metabolic risk factors in 

psychiatric populations, from the US (McEvoy et al., 2005;Stroup et al., 2009;American Diabetes 

Association et al., 2004) and Europe (De Hert et al., 2010;van Winkel et al., 2008a;Garcia-Portilla et 

al., 2009;Birkenaes et al., 2007;Salvi et al., 2008) which emphasises the worrisome prevalence of 

metabolic syndrome. Indeed, metabolic syndrome prevalence in other European countries was 

reported to be between 18 to 25% (De Hert et al., 2010;van Winkel et al., 2008a;Garcia-Portilla et al., 

2009;Birkenaes et al., 2007;Salvi et al., 2008). This study proposes a snap shot of a cohort with 

psychiatric out-patients in Switzerland, with multiple treatment histories, taking into account the 

country health care system, lifestyle, diet habit and aetiology. Given the high prevalence of 

cardiovascular risk factors in this sensitive population, the importance of an adequate somatic care 

and general health monitoring should be addressed. Finally, it must be mentioned that consequences 

of weight gain are not limited to cardiovascular problem: adherence to treatment is also jeopardised 

with all the subsequent possible human, social, and financial consequences of relapse (Weiden et al., 

2004)  

 

5. Conclusion 

The present study found a high prevalence of cardiovascular risks factors in a Swiss psychiatric 

population treated with SGA and/or MS, with increased frequencies of obesity, dyslipidemia and 

smoking behaviour. It highlights the importance of an adequate somatic care and general health 

monitoring in this type of population. 
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Table 1: Patient characteristics 

Data are expressed as number (percentage) of patient or as median (interquartile range). 

 

      Drugs 

  Characteristics   Clozapine   Olanzapine   Quetiapine   Risperidone   Lithium   Valproate    All 
  

  
n=28 

 
n=31 

 
n=35 

 
n=42 

 
n=35 

 
n=25 

 
n=196 

  Sex,male 

 

13 (46) 

 

20 (65) 

 

19 (54) 

 

24 (57) 

 

21 (60) 

 

11 (44) 

 

108 (55) 

  Caucasian ethnicity 

 

24 (86) 

 

28 (90) 

 

31 (89) 

 

29 (69) 

 

34 (97) 

 

23 (92) 

 

169 (86) 

  Smoker 

 

15 (54) 

 

16 (52) 

 

20 (57) 

 

25 (60) 

 

23 (66) 

 

18 (72) 

 

117 (60) 

  Age,median (range),y 

 

35 (29-44) 

 

41 (33-46) 

 

45 (38-51) 

 

40 (35-47) 

 

44 (34-49) 

 

44 (40-49) 

 

41 (34-48) 

  Concomitant studied drug  

 

6 (21) 

 

1 (3) 

 

2 (6) 

 

6 (14) 

 

20 (57) 

 

9 (36) 

 

44 (22) 

  

                     

  

  Cholesterol mmol/L 

                    

  

  median (range) 

 

5.3 (4.4-6.1) 

 

5.5 (4.8-6.2) 

 

4.9 (4.4-5.8) 

 

5.3 (4.6-6.1) 

 

5.5 (4.6-6.3) 

 

4.9 (4.4-6.1) 

 

5.3 (4.5-6.1) 

  level at risk* 

 

5 (18) 

 

7 (23) 

 

3 (9) 

 

10 (24) 

 

11 (31) 

 

6 (24) 

 

42 (21) 

  Cholesterol-hdl mmol/L 

                    

  

  median (range) 

 

1.2 (1.0-1.6) 

 

1.2 (1.1-1.4) 

 

1.3 (1.0-1.5) 

 

1.2 (1.1-1.5) 

 

1.4 (1.2-1.7) 

 

1.2 (0.9-1.6) 

 

1.3 (1.0-1.6) 

  level at risk* 

 

9 (32) 

 

9 (29) 

 

9 (26) 

 

12 (29) 

 

4 (11) 

 

10 (40) 

 

53 (27) 

  BMI kg/m2‡ 

                    

  

  median (range) 

 

28 (24-31) 

 

29 (25-31) 

 

29 (25-32) 

 

27 (24-31) 

 

26 (23-32) 

 

29 (25-32) 

 

28 (24-31) 

  <25 

 

10 (36) 

 

9 (29) 

 

8 (23) 

 

14 (33) 

 

15 (43) 

 

7 (28) 

 

63 (32) 

  25-30 

 

9 (32) 

 

10 (32) 

 

12 (34) 

 

14 (33) 

 

7 (20) 

 

7 (28) 

 

59 (30) 

  >30 

 

9 (32) 

 

12 (39) 

 

15 (43) 

 

14 (33) 

 

13 (37) 

 

11 (44) 

 

74 (38) 

  Weight gain>10% during the 

 

10 (53) 

 

12 (75) 

 

6 (30) 

 

16 (47) 

 

16 (50) 

 

7 (33) 

 

67 (47) 

  present drug treatment                                           

                       

 

*Total cholesterol ≥6.2 mmol/L and cholesterol-hdl <1mmol/l for men and <1.3mmol/l for women are considered as cardiovascular risk factors 

 

‡BMI is considered as normal when <25, overweight when 25-30 and obese when BMI>30 kg/m2 

         

 

Number of patients with prescription of more than 1 studied drug (i.e. clozapine, olanzapine, quetiapine, risperidone, lithium, valproate) 

  

 

7
5 



 
Table 2: Treatment duration, daily dose and drug plasma concentration 

 

  Drugs 

  
      

Risperidone 
     

  
  Clozapine Olanzapine Quetiapine oral injection Lithium Valproate  All 

  n=28 n=31 n=35 n=27 n=15 n=35 n=25 n=196 
Treatment duration,y 

               

  

median (range) 4.8 (1.7-7.8) 1.8 (1.1-7.0) 1.1 (0.7-3.7) 3.0 (1.0-5.8) 1.0 (0.4-2.8) 3.1 (1.0-10.9) 1.7 (0.9-3.7) 2.3 (0.9-5.6) 

Dose, median (range), mg/day * 300 (200-350) 10 (5-15) 200 (100-400) 2 (1-4) 38 (37.5-50) 24 (22-30) 1500 (1000-1500)   

Plasma level,ng/mL † 

               

  

median (range) 249 (165-408) 

  

42 (10-194) 3 (0.7-8) 7 (4-10) 0.8 (0.6-0.8) 65 (36-80) 

 

  

metabolite, median (range) 135 (87-180)         10 (5-21) 19 (10-33)             

                 *Lithium is expressed as mmol/day and risperidone depot as 

mg/2weeks            †Lithium is expressed as mmol/L and valproate as mg/L 

               

 

 

 

7
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Table 3: Predicted BMI after 24 months with the current treatment for different covariables. 

CI: 95% confidence intervals 

 

    24 months of treatment 

Covariables assessed predicted BMI Lower CI Upper CI 

  
  

 a) Clozapine or olanzapine 26.30 25.07 27.53 

 

Quetiapine or risperidone 25.63 24.42 26.83 

 

Lithium or valproate 24.45 23.01 25.89 

  
   

b) Men 28.09 26.84 29.33 

 

Women 26.30 25.07 27.53 

  
   

c) Increased appetite 27.27 25.95 28.59 

 

No change or decreased 

appetite 

26.30 25.07 27.53 

  
   

d) plasma threshold >10% 26.30 25.07 27.53 

 

plasma threshold <10% 24.49 22.70 26.29 

     e) Daily physical activity <60min 26.30 25.07 27.53 

  Daily physical activity >60min 25.59 24.17 27.01 
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Swiss cohort 1 (Chiolero et al., 2008), Swiss cohort 2 (Firmann et al., 2008), Swiss cohort 3 (Office 

féderal de la statistique, 2009). 

 

Figure 1: Prevalence (%) of smoking, obesity and overweight by gender in the study cohort of 

psychiatric patients and in other Swiss general population cohorts.  

Note that data for men and women combined in Swiss cohort 3 is not available. 
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Figure 2: Weight gains after 3 months, 6 months, and weight gain at the time of inclusion, when 

grouping the weight gains after 3 months of treatment into 3 tertiles (high, intermediate and low 

increases of weight for 3rd, 2nd and 1st tertile, respectively). Median weight gain and interquartile 

ranges are shown. 
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Figure 3: Predicted evolution of BMI controlling for age over treatment duration for each gender 

regardless of the studied drugs (Top curve: men, bottom curve: women). 
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2. Partie pharmacogénétique  

 

2.1.  Manuscrit V: Pharmacogenetic study on risperidone long-acting injection: influence of 

cytochrome P450 2D6 and Pregnane X receptor on risperidone exposure and drug-induced side-

effects. Manuscrit en préparation. 

 

Le Risperdal Consta® a la particularité d’être un antipsychotique atypique administré sous forme 

injectable toutes les deux semaines. Il ne subit pas l’effet de premier passage hépatique et peu de 

données pharmacogénétiques existent pour cette formulation. L’article V traite de l’influence des 

polymorphismes des gènes liés à la pharmacocinétique de la risperidone (CYP2D6, CYP3A, ABCB1 et 

NR1I2) et de l’activité du CYP3A sur les taux plasmatiques de risperidone et de son métabolite ainsi 

que sur les effets secondaires. La population étudiée est celle de l’Etude Risperdal Consta (N=42) et 

l’activité enzymatique du CYP3A est déterminée par phénotypage en utilisant le midazolam comme 

substrat. Le rôle principal du gène CYP2D6 dans le métabolisme de la risperidone, montré pour la 

risperidone orale, a été confirmé pour la forme injectable. Les taux plasmatiques de risperidone sont 

influencés significativement par le génotype du CYP2D6. Le polymorphisme du gène NR1I2 

(rs7643645A>G) influence également les taux plasmatiques du métabolite 9-hydroxy-rispéridone et 

de la fraction active (la somme de rispéridone et de 9-hydroxy-rispéridone). Cette influence a été 

confirmée dans une seconde cohorte de patients traités par le Risperdal Consta et sélectionnés dans 

les cohortes Prise de poids Genève et Suivi métabolique Lausanne (N=20). Les résultats obtenus sont 

en accord avec une diminution d’activité démontrée pour l’allèle G du SNP rs7643645 dans des tests 

in vitro et des taux de 9-hydroxy-rispéridone et de fraction active plus basse chez les individus GG 

que pour les individus porteur de l’allèle A. Le phénotype du CYP3A, les polymorphismes des CYP3A 

et de l’ABCB1 n’ont pas montré d’association avec les taux de risperidone. Concernant les effets 

secondaires, le génotype rs2472677CC (C>T) du NR1I2 a été associé à des effets secondaires 

extrapyramidaux (échelle standardisée Simpson-Angus) et à un taux de prolactine plus élevé. 

L’activité du CYP3A est corrélée au taux de cholestérol-HDL. A notre connaissance, ceci est la 

première étude à montrer l’influence de polymorphismes du NR1I2 sur les taux et les effets 

secondaires (extrapyramidaux, élévation de la prolactine) de la risperidone en forme injectable. 

Le manuscrit V est actuellement revu par les co-auteurs et sera soumis prochainement. 
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Abstract 

Risperidone is metabolised by polymorphic enzymes and a large variability in plasma concentration 

and therapeutic response is observed. Risperidone long-acting injection (RLAI) avoids the first-pass 

effect and little is known about the influence of genes polymorphisms involved in its 

pharmacokinetics. The influence on plasma concentrations of risperidone (RIS), its metabolite 9-

hydroxy-risperidone (OHRIS) and on side-effects were investigated for polymorphisms of cytochrome 

P450 2D6 (CYP2D6) (*3, *4, *5, *6), CYP3A (CYP3A4*1B, CYP3A4 rs4646437, CYP3A5*3, CYP3A7*1C), 

ABCB1 (1236C>T, 2677G>T, 3435C>T), NR1I2 coding for pregnane X receptor (rs1523130, rs2472677, 

rs7643645), and for CYP3A activity measured by a phenotyping test. Forty-two patients with at least 

4 consecutive unchanged doses of RLAI were included in a multi-centre cross-sectional study. A 55% 

lower dose-adjusted plasma levels of RIS were observed for CYP2D6 ultra rapid metabolizers as 

compared to CYP2D6 intermediate metabolizers (P<0.007). NR1I2 polymorphism (rs7643645A>G) 

influenced risperidone exposure with a 2.6-fold lower active moiety (P=0.031) in GG compared to the 

AA genotype. This was confirmed in a second independent cohort (n=20). Furthermore, cholesterol-

HDL was positively correlated with CYP3A activity (P=0.01) and the NR1I2 (rs2472677) polymorphism 

was associated with different side-effects including extrapyramidal symptoms and prolactin plasma 

levels, when adjusted for age and gender. In conclusion, our results confirmed the influence of 

CYP2D6 genotype on plasma levels of risperidone. This is the first report on the influence of NR1I2 

polymorphisms on RLAI exposure and on drug-induced side-effects. Further studies will have to 

confirm these results. 
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1. Introduction 

Risperidone (RIS), an atypical antipsychotic, is metabolized in the organism into its principal active 

metabolite 9-hydroxyrisperidone (OHRIS), both substances contributing to the pharmacological 

activity, their sum being called “active moiety”. Risperidone improves both the positive and negative 

symptoms of schizophrenia and produces a relatively low incidence of extrapyramidal symptoms at 

low doses. However, a relationship between occurrence of parkinsonian side effects and plasma 

levels of RIS and OHRIS has been reported1 and risperidone produces dose-related increases in 

plasma prolactin levels both in men and women.2 

 

Several in vitro and in vivo studies showed that the cytochrome P-450 enzyme 2D6 (CYP2D6), and to 

a lesser extent CYP3A, play a major role in the metabolism of RIS to OHRIS.3-6 Thus, concomitant 

administration of CYP2D6 inhibitors such as paroxetine or fluoxetine significantly increases RIS and 

OHRIS plasma concentrations.5,7 Such an increase of the RIS/OHRIS ratio in plasma following the 

administration of CYP2D6 inhibitor does not necessarily result in an increase of side effects5 but 

could be a risk factor, as suggested by the appearance of parkinsonian symptoms in one patient two 

weeks after the introduction of 20mg/day of paroxetine and an important increase of the active 

moiety plasma levels.7 In vivo, the CYP3A-inhibitor itraconazole increases, while the CYP3A-inducers 

carbamazepine and rifampicine reduce the plasma concentrations of RIS, OHRIS and of the active 

moiety.8-12 

 

Accordingly, several studies have shown that the genetic polymorphism of CYP2D6 gene, leading 

either to a CYP2D6 poor, intermediate, extensive or ultrarapid metabolizer status, significantly 

contributes to the wide interindividual variability of RIS and OHRIS plasma concentrations on same 

oral dose.13,14 With regard to the metabolism by CYP3A, a term that in humans reflects the collective 

activity of CYP3A4, CYP3A5, and CYP3A7, the large interindividual variability of these isoforms is 

poorly determined by genotyping procedures and is presently better assessed by a phenotyping test 

using for example midazolam as probe.15 To our knowledge, no study has ever attempted to 

determine if, and to what extent, the interindividual variability of CYP3A activity as measured by a 

phenotyping test could contribute to the interindividual variability of RIS and OHRIS plasma levels. 

 

Besides CYP2D6 and CYP3A, risperidone is a substrate of the drug efflux transporter P-glycoprotein 

(P-gp) encoded by the ABCB1 gene. It has been shown that the genetic polymorphism of ABCB1 

(C3435T and G2677T/A) does not influence the steady-state plasma concentrations of RIS and OHRIS 

after the oral intake of 3 mg/day of risperidone.16 However, as P-gp is expressed at the blood brain 
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barrier, it has been suggested that this protein plays a much more important role in modulating drug 

concentrations in the brain than in the plasma.17-19 

 

In addition, attention has been recently drawn to modulators of gene expression in phase I and II 

metabolism and in drug transport. Pregnane X receptor (PxR) encoded by NR1I2 gene mediates 

induction of several drug detoxification genes including CYP3A4/5 and ABCB1.20,21 NR1I2 mRNA is 

predominantly expressed in intestine, liver and kidney22,23 and NR1I2 is activated by many 

endogenous and exogenous ligands. Single nucleotide polymorphisms (SNP) of the NR1I2 gene in 

promoter and intron 1 have been associated with alteration of CYP3A activity in vitro, the most 

consistent results being found for SNPs rs1523130, rs2472677, and rs7643645.24 

 

Risperidone is also available as a long-acting depot formulation (Risperdal Consta®, Janssen-Cilag, 

Baar, Switzerland), with a recommended injection every two weeks. The long-acting depot 

preparations bypass the deactivating process of the intestines and of the liver, which has been 

reported to lead to more predictable and stable plasma concentration of the drug.25 In contrast, to 

the multiple studies aimed to examine the genetic factors influencing the plasma levels of RIS and 

OHRIS following the oral intake of risperidone, very few studies have been carried out in patients 

receiving risperidone long acting injection (RLAI). One study showed a lower active moiety level in a 

patient taking RLAI and carbamazepine, a CYP3A inducer, compared to others patients receiving the 

same RLAI dose.26 In addition, we reported a case of rapid risperidone elimination in one patient 

necessitating a very high dosage of RLAI (125 mg/2 weeks) before obtaining a substantial 

improvement of his clinical state.27 This highlights the need for a better understanding of the in vivo 

influence of genetic and environmental factors on RIS and OHRIS plasma levels after injection of 

risperidone depot. 

 

The major aim of this study is to analyse the influence of gene polymorphisms linked to risperidone 

metabolism and transport (genotyping of CYP2D6, CYP3A, ABCB1, NR1I2, and phenotyping of CYP3A) 

in a group of patients receiving RLA in steady-state conditions. For this purpose, RIS and OHRIS 

plasma levels were measured at two time points, the day of injection and seven days later, and the 

potential side effects induced by this drug (extrapyramidal symptoms, weight gain, lipid profile and 

prolactin levels) were also recorded. 
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2. Materials and Methods 

Subject and study design 

Clinical diagnosis was based on ICD-10 criteria.28 All the patients between 18-65 years old presenting 

with a psychotic disorder and receiving RLAI were screened from February 2007 to December 2009. 

Because pregnancy was an exclusion criteria, a pregnancy test was performed at day 0 before 

inclusion of women of childbearing age. No change in the dosage of the co-medications was allowed 

for at least 1 week before inclusion in the study (2 months for fluoxetine) and RLAI have been 

administered for at least 2 months (4 injections) at constant dose. At inclusion, patients had no 

history of substance dependence, organic psychiatric illness or uncontrolled medical illness and were 

not taking oral risperidone. Complete inclusion comprised a visit on the day of risperidone depot 

injection (day 0), and seven days later (day 7). No fasting period was required. 

 

This naturalistic cross-sectional study was conducted in four psychiatric centres in Switzerland 

(Lausanne, Geneva, Königsfelden, Marsens) and was approved by the respective ethic committees as 

well as by the Swiss Agency for Therapeutic Products (Swissmedic). The study was performed 

according to the Good Clinical Practices and written informed consent was obtained from all 

patients. 

 

A second group of patients receiving RLAI was used to replicate the positive findings found for the 

NR1I2 gene. These patients were selected from two independent clinical studies which were 

approved by their respective ethics committee (Ethics Committee of Geneva and Lausanne University 

hospitals, respectively) and written informed consent was given by all subjects.  

 

Measurements 

Somatic disorders, co-medications and clinical variables were recorded from medical files. Subjects 

were asked to report any change in their medication or life-style during the study. The year of onset 

of psychiatric disorder was found in the medical files, otherwise an estimation was given by the 

patients. An evaluation of the global illness severity was performed using the clinical global 

impression scale (CGI scale from 1 to 7, with 7 being the most severe presentation).29 Extrapyramidal 

side effects were assessed by the Simpson-Angus scale (SAS).30,31 Ten items ranging from 0 to 4 and 

linked to movement disorders (parkinsonism, akathisia, dystonia and tardive dyskinesia) were 

evaluated and the item scores were summed to provide a raw score ranging from 0 to 40.30 SAS 

scores below 3 were reported to be considered as normal.30 Furthermore, spontaneous self-reported 

adverse events and side effects were also collected. All investigators involved in the rating scales 

assessments were trained prior to recruitment to minimize inter-rater variability. 
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Blood samples were collected at day 0 and day 7 and were stored at –20 °C until analysis. RIS and 

OHRIS plasma concentrations, CYP3A activity and prolactin levels were measured at day 0 and day 7 

while total cholesterol and HDL cholesterol were measured at day 0. Quantification of RIS and OHRIS 

plasma levels were measured by HPLC-MS (Eap et al, unpublished method, detailed method available 

on request). Briefly, a liquid-liquid extraction step was performed prior to inject the extract into a 

C18 Nucleosil column (EC 125/2 Nucleosil 100-5, Macherey-Nagel, Oensingen, Switzerland) using a 

mobile phase containing 35% tetrahydrofuran, 65% ammonium nitrate 4 mM, and 1.5% methanol. 

The compounds of interest were analysed in the single ion monitoring mode on a single quadrupole 

MS analyser working in the positive ESI mode (Agilent Series 1100 MSD single quadrupole, Agilent 

Technologies, Geneva, Switzerland). Intraday and interday coefficients of variation for the 

determination of RIS and OHRIS were between 1% and 3% for both substances. The low limit of 

quantification was 0.1 and 0.2 ng/mL for RIS and OHRIS, respectively. External quality controls (LGC 

Standards Proficiency Testing, United Kingdom) were successfully quantified since the analytical 

procedure validation 

 

The active moiety and the RIS/OHRIS ratio were calculated for day 0 and day 7. Plasma 

concentrations were corrected by the dose and are hereafter called dose-adjusted. The evolution of 

plasma concentration between day 0 and day 7 was estimated using the ratio of day 7 to day 0 for 

RIS, OHR and the active moiety. A ratio above 1 was considered as an increase of the plasma levels at 

day 7 compared to day 0. 

 

Total cholesterol (CHOLtot) and HDL cholesterol (HDL) levels were quantified by a Cobas Integra 400 

(Roche Diagnostic, Basel, Switzerland). Prolactin levels were quantified by immunoassay on an 

Abbott Axsym system (Abbott, Wiesbaden, Germany). High total cholesterol levels were defined as ≥ 

6.2 mmol/L, and normal HDL levels as ≥  1.3 mmol/L for women and as ≥  1.0 mmol/L for men.32 

Dyslipidemia was defined as a concentration of total and/or HDL cholesterol outside the limits, 

and/or when cholesterol-lowering drug is prescribed. High level of prolactin was defined as a 

prolactin ≥ 50 ng/mL for women and ≥ 40 ng/mL for men, which represents twice the threshold for 

normal values.33,34 Hyperprolactinemia was defined as high prolactin level and/or by the presence of 

clinical symptoms such as gynecomastia, and/or galactorrhea and/or amenorrhea. BMI is defined as 

body weight/height2 (kg/m2) and BMI is considered as normal <25, overweight 25-30 and obese ≥30 

kg/m2. An increase of at least 10% of the baseline weight was considered as a relevant weight gain. 

 

CYP3A phenotyping was performed on day 0 and day 7. For this purpose, patients received an oral 

micro dose (75 µg) of midazolam and a blood sample was collected 30 minutes later. The midazolam, 
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and its metabolite, 1-hydroxymidazolam plasma levels were measured by GC-MS, using a method 

described previously.35,36 The 1-hydroxymidazolam / midazolam ratio (MR), a marker of CYP3A 

activity37 was calculated for all subjects. A weak CYP3A activity was defined as MR<1.9, an extensive 

activity as MR ≥1.9.15 

 

Genomic DNA was extracted from the EDTA blood samples using the FlexiGene DNA Kit (Qiagen, 

Hombrechtikon, Switzerland). SNPs selected from literature were analysed by real-time polymerase 

chain reaction with the 5’-nuclease allelic discrimination assays according to previous studies or 

according to the manufacturer instructions (ABI PRISM 7000 Sequence Detection System; Applied 

Biosystems, Rotkreuz, Switzerland).15,37-39 The following SNPs were analyzed: CYP2D6: allele *3, *4, 

*5, *6; CYP3A4*1B (rs776746), CYP3A4 rs4646437, CYP3A5*3 (rs776746), CYP3A7*1C (defined by the 

-262T>A, -270T>G), ABCB1 3435C>T (rs1045642), ABCB1 2677 G>T (rs2032582), ABCB11236C>T 

(rs1128503); NR1I2 rs1523130, NR1I2 rs2472677, NR1I2 rs7643645. The CYP2D6 *XN gene 

duplication was analyzed by long PCR as previously described.38 Patients were classified as CYP2D6 

poor (PM), intermediate (IM), extensive (EM) or ultrarapid (UM) metabolizer according to the 

presence of none, one, two functional alleles or gene duplication (www.cypalleles.ki.se). All reagents 

were purchased from Applied Biosystems (Rotkreuz, Switzerland). Internal quality control samples of 

known genotype40 were included in all analyses. 

 

Statistical analysis 

Spearman correlations were used to determine association whereas ordered logistic regression was 

performed when assessing risperidone depot dose requirement. Non-parametric analyses (Kruskal-

Wallis and Wilcoxon/Mann-Whitney rank tests) were used to compare R, OHR, and the active moiety 

concentrations corrected by the dose between the different genotypes and clinical variables (age, 

gender, SAS scores etc) at each time point. Incidences of extrapyramidal side-effect, dyslipidemia, 

hyperprolactinemia, and of weight gain were compared between genotypes and clinical variables by 

Fischer 2 test. To take into account the two time points, a multilevel mixed-effects linear regression 

was performed and when necessary, log, square or 1/square transformations were used to normalize 

the data. The model was always adjusted for age and gender, unless otherwise indicated. The validity 

of the model was assessed by graphical residual diagnostics. Measurements are given as median and 

interquartile range (IQR), except for the clinical characteristic of the patients (i.e. Table 1, which 

indicate the minimum, maximum range), or mean ± standard deviation for the result obtained 

according to the mixed-model. 
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Concomitant drugs that could modify the studied measurements were taken into account, including 

strong or moderate inhibitors of CYP3A and CYP2D6, and CYP3A inducers41, lipid-lowering agents, 

drugs causing weight gain42 as well as relevant clinical variables (i.e. age, sex). Patients receiving a 

strong CYP2D6 inhibitor were defined as CYP2D6 poor metabolizers. The statistical analyses were 

performed using Stata 10 (StataCorp, College Station TX, USA). The allele frequencies are reported 

with their 95% confidence interval (95%CI) calculated by the Adjusted Wald Method. The SNPs were 

tested for Hardy-Weinberg equilibrium using the genhwi function in Stata software. Linkage 

disequilibrium was calculated using r2 parameter. All tests were two-sided and a P-value less than or 

equal to 0.05 was considered statistically significant. 

 

3. Results 

Patient characteristics 

Sixty-seven patients receiving RLAI were screened for inclusion (15 refusals to participate, 10 not 

meeting all inclusion criteria). The present results are based on 42 patients (15 in Lausanne, 10 in 

Königsfelden, 10 in Marsens, 7 in Geneva), 12 women and 30 men, 32 Caucasians and 7 Africans, 2 

Arabs and 1 Asian. Due to a possible intake of an oral dose of risperidone at day 0, data for 1 patient 

was considered only at day 7. Patients were diagnosed for schizoaffective disorder (F25, n=8) and for 

schizophrenia (F20, n=34). The median duration of RLAI treatment was 8.5 months (range: 4-29) and 

the time from the first psychiatric episode to the inclusion of the studied ranged from 1 to 42 years 

(median: 9 years). The main clinical characteristics of the patients are shown in Table 1.  

The second group of patients receiving RLAI and being incorporated to test results replication was 

composed of 75% men, with a median age of 37 years (range: 21-63), a median BMI of 27.8 kg/m2 

(range: 24-34). Twenty-six percent were obese, the median cholesterol total was 5.3 mmol/L (range: 

3.8-7.7) and 28% were smoker. Among them, 50% were Caucasian, 20% African and 30% of various 

origins. The patient were taking a median dose of 37.5 mg/fortnightly (range: 25-100) for a median 

duration of treatment of 12 months (range: 3-45). No data was available on SAS score and prolactin 

levels. 

 

Genotype frequencies 

Allele and genotype frequencies are presented in Table 2. The observed allele frequencies in 

Caucasian are in line with reported results.38,39,43-45 All studied SNPs were in Hardy-Weinberg 

equilibrium (P>0.05). Only one patient was genotyped as CYP2D6 poor metabolizer (PM), 15 as 

intermediate metabolizer (IM), 21 as extensive metabolizer (EM) and 5 patients as ultra rapid 

metabolizer (UM). Arbitrary, one patient with the *4/*XN genotype was classified as an IM. In 

Caucasian individuals (n=32), the CYP3A4*1B was in linkage disequilibrium with CYP3A5*3 (r2= 0.35), 
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and the CYP3A4 rs4646437 was linked to CYP3A4*1B (r2= 0.39) and CYP3A5*3 (r2= 0.58), which is in 

accordance with previous reports.39,46 In our study, CYP3A Caucasian allele frequencies were similar 

as those previously reported (i.e. 32 patients, 9.4%, 95%CI: 4-19% for CYP3A5*3).45 A linkage 

disequilibrium was also noted between the analysed SNPs of ABCB1 gene (r2= 0.67 for 2677G>T and 

1236C>T; r2= 0.41 for 2677G>T and 3435C>T; r2= 0.51 for 3435C>T and 1236C>T), which is in 

accordance with previous reports.39,47 Finally, a moderate linkage disequilibrium was noted between 

the analyzed SNPs of the NR1I2 gene (rs2472677 and rs1523130 r2= 0.11). No associations were 

found for the haplotypes of ABCB1, CYP3A and NR1I2 with risperidone exposure or clinical responses 

(data not shown). 

 

Pharmacokinetic variability and associated factors 

Plasma concentration 

Five patients received one of the following CYP2D6 inhibitors: weak inhibitors (citalopram (n=1), 

escitalopram (n=2)), and strong inhibitors (paroxetine (n=1) and levomeprazine (n= 1)). One patient 

drank regularly grapefruit juice, a strong CYP3A inhibitor, while a second took grapefruit juice only at 

day 7. No CYP3A inducers were prescribed. The median RLAI dose ranged from 25-75 mg fortnightly 

(Table 1). The median baseline plasma concentration in the whole population for RIS, OHRIS and 

active moiety were 5 ng/mL (IQR: 3-9 ng/mL), 12 ng/mL (IQR: 8-18 ng/mL), and 21 ng/mL (IQR: 12-27 

ng/mL), respectively. Plasma levels for each dose are shown in Table 3. Risperidone doses were 

significantly correlated with plasma levels of RIS, OHRIS and the active moiety, both at day 0 and day 

7 (data not shown), which is in agreement with previous reports.26,48 The dose-adjusted plasma 

concentrations displayed large interindividual variability (37-fold, 38-fold and 12-fold for RIS, OHRIS 

and active moiety, respectively at baseline; 18-fold, 10-fold, 6-fold, respectively at day 7). 

  

Influence of CYP2D6 and CYP3A genotypes 

Because only one patient was genotyped as a PM, the statistical analyses were first performed with 

IM for reference. The CYP2D6 genotypes significantly influenced the dose-adjusted RIS plasma levels 

(Test for trend, day 0 P=0.023; day 7 P=0.031; Figure 1), with dose-, age- and gender-adjusted RIS 

plasma concentration in UMs being 45% of IMs values (P=0.007). The RIS/OHRIS ratios were 

gradually decreased across IM, EM, and UM genotypes. The RIS/OHRIS ratios adjusted for age and 

gender was for UMs 36% of IMs values (P=0.006). No association was found with dose-adjusted 

OHRIS (P>0.7) or active moiety (P>0.1). 

 

In a second step, data from the lone PM were combined with those of 2 patients receiving strong 

CYP2D6 inhibitors (paroxetine n=1, levomeprazine n=1). Using the mixed-model, these 3 patients, 
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with a presumably CYP2D6 PM status, had a 3.3-fold higher dose-corrected RIS level (P=0.001), 2.7-

fold lower dose-corrected OHRIS level (P<0.001) and 9.1-fold higher RIS/OHRIS ratio (P<0.001) as 

compared to the other CYP2D6 combined genotypes. All together, the present results with the RLAI 

formulation are in agreement with previously published results showing a major influence of CYP2D6 

in the metabolism of RIS to OHRIS following the administration of the oral form. On the other hand, 

none of the analyzed CYP3A genetic polymorphism (CYP3A4 rs4646437, CYP3A4*1B, CYP3A5*3, and 

CYP3A7*1C) nor the CYP3A activity determined by the midazolam phenotyping test were found to be 

associated with RIS, OHRIS plasma levels, RIS/OHRIS ratios nor dose requirements (data not shown). 

These variables were also not significantly affected by grapefruit consumption (3 patients) when 

compared to the other patients (data not shown). 

 

Influence of ABCB1 and NR1I2 genotypes 

No association was found between ABCB1 genetic polymorphism and dose-adjusted plasma levels of 

RIS, OHRIS, active moiety, and RIS/OHRIS ratios nor RLAI dose requirement (P>0.1). On the other 

hand, and interestingly, a significant association was found at baseline for NR1I2 rs7643645A>G, with 

a 2.5-fold lower dose-adjusted of OHRIS (P=0.033) and 2.6-fold lower active moiety (P=0.031) in GG 

compared to the AA genotype. Because of the novelty of this finding, we aimed to replicate this 

result in a second independent cohort. Twenty additional patients receiving RLAI (described in 

Subject and study design) from two other studies were analyzed (Choong et al., submitted 

manuscript)49. In line with the previous results, 2.5 lower dose-adjusted OHRIS (P=0.015) and active 

moiety (P=0.024) plasma levels were found with the GG genotype compared to AA carriers. In 

addition, similar result were obtained when the two cohorts were combined (n=61, OHR P=0.018, 

active moiety P=0.011).  

 

Variation of RLAI over 1 week 

The mean RIS/OHRIS ratio decreased significantly from day 0 to day 7 and RIS/OHRIS ratio at day 7 

was 80% of day 0 (P>0.001 using the mixed-model), suggesting a decrease of RIS plasma level and/or 

an increase of its metabolite. Although dose-corrected RIS, OHRIS and active moiety plasma 

concentrations adjusted for age and gender were not significantly different between day 0 and day 7 

(P>0.6, P>0.1 and P>0.4, respectively), 2 groups of patients can be distinguished. A first group of 22 

patients had an approximately 2-fold increase, while a 30 to 50% decreased concentrations of RIS, 

OHRIS and active moiety were measured in the remaining 19 patients. No difference in term of age 

(P>0.6), concomitant CYP2D6 inhibitor (P=1.0) or CYP3A4/5 inhibitor prescription (P>0.5) could be 

found between both groups. Male patients were equally distributed while more women (82%) had 

increased concentrations on day 7 (P=0.038). Interestingly, the variation was associated with NR1I2 
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genetic polymorphism. Thus, a significantly higher increase of dose-adjusted RIS, OHRIS and active 

moiety from day 0 to day 7 was observed for NR1I2 rs7643645 G carriers compared to the A carriers 

(P<0.009 for all plasma concentrations, see Table 4). In addition, C carriers for NR1I2 rs2472677 were 

more likely to increase their plasma concentrations the week after injection than the T carriers, with 

1 out of 8 (13%) individuals with the NR1I2 rs2472677TT genotype having increased plasma levels, 

whereas 16 of 25 (64%) with the TC genotype, and 5 of 8 (63%) with the CC genotype having 

increased plasma levels of active moiety (χ2, P=0.034). Similar results were obtained for RIS and 

OHRIS separately (data not shown)  

 

Pharmacodynamics variability and associated factors 

Clinical response (CGI) 

The median baseline CGI score was 3 points (IQR: 2-4), which corresponded to a mild psychiatric 

illness. Patients had very variable duration of treatment, and expectedly, no significant correlations 

were found between CGI scores and fortnightly dose (P>0.9), dose-adjusted RIS (P>0.1), OHRIS 

(P>0.7), active moiety (P>0.3) plasma levels at baseline and at day 7 (adjusted for age and gender in a 

mixed model, data not shown). No associations were found between CGI scores and other clinical 

demographic or genetic data (data not shown)  

 

Extrapyramidal side effects (SAS) 

The median baseline SAS score was 3 points (IQR: 1-5). No association was found with RLAI dose 

(P=0.3), treatment length (P>0.5), as well as RIS (P=0.4), OHRIS (P=0.3), active moiety (P=0.2) plasma 

levels at baseline, at day 7 and also using the mixed model (data not shown). Among patients, 55% 

had SAS scores >3 (n=20) or were receiving an anticholinergic agent (biperiden, n=6 among whom 3 

had still a SAS score >3). NR1I2 rs2472677CC carriers had higher SAS score (n=9, median: 5, IQR: 4-7) 

than the CT and TT carriers (n=33, median 2, IQR: 0-5; P=0.03) at day 0 and at day 7 (P=0.03 on both 

cases), also in the mixed model (P=0.035). Finally, no associations were found between SAS scores 

and CYP2D6 or CYP3A genotypes, and with CYP3A activity (P>0.3 for both days). 

 

Weight gain and lipid profile 

Several cardiovascular risk factors were observed in the present cohort, with a prevalence of obesity 

in 26% of the patients, 81 % being smokers, and 45% presenting a dyslipidemia. Treatment for 

metabolic complication were prescribed to 6 patients, the majority being lipid lowering drugs (n=4). 

A median weight gain of 6 kg (IQR: 0-16 kg) for a median duration of RLAI treatment of 8 months 

(IQR: 4-15) was found for the 39 patients with available data. It is noteworthy to mention that ten 

patients received other drugs potentially linked to weight gain (valproate n=4, clozapine n=1, 
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mirtazapine n=2, quetiapine n=2, mirtazapine and quetiapine in combination n=1). Weight gain was 

not correlated to fortnightly dose, RIS, OHRIS, and active moiety plasma levels in the whole 

population and in the subgroup without weight gain-related drug (P>0.1). 

 

No evidence was found between weight gain and the selected polymorphisms for genes potentially 

involved in the pharmacokinetics of risperidone, nor with CYP3A activity. CHOLtot and HDL levels 

were not correlated with RIS, OHRIS, active moiety plasma levels (P>0.1) nor with fortnightly doses 

(P=0.9). The CYP3A activity and polymorphisms of the CYP2D6 and CYP3A genes were not associated 

with CHOLtot and HDL levels (P=0.9). As expected, HDL levels differ significantly between gender 

(median HDL levels in women: 1.65 mmol/L, IQR: 1.23-2.05; in men: 1.11 mmol/L, IQR: 0.95-1.38, 

P=0.004). Interestingly, HDL levels were significantly correlated to CYP3A activity in the whole 

population (rs= 0.49, P=0.001). Thus, in men, median HDL levels of 0.95 mmol/L (n=5, IQR: 0.9-1) and 

1.19 mmol/ L (n=22, IQR: 0.98-1.46) were measured in the group with low CYP3A activity (<1.9 MR) 

as compared to the group with an extensive activity (≥1.9 MR; P=0.029), respectively. The lone 

woman with low CYP3A activity was also observed with a lower HDL level than those with extensive 

CYP3A activity: 1.1 mmol/L (n=1) and 1.68 mmol/L (n=10, IQR: 1.4-2.05), respectively. In the whole 

population, CYP3A activity adjusted for age and gender remained significantly associated with HDL 

levels (P=0.014). The result was similar when the subgroup without lipid lowering agent was analysed 

(P=0.029). 

 

Prolactin plasma concentration 

As expected, an important difference in prolactin level was found between men and women 

(baseline median prolactin level: n=30, 27 ng/mL (IQR: 19-45) in men; n=12, 75 ng/mL (IQR: 46-133) 

in women; P<0.001). High prolactin levels were measured in 17 patients (40%) at day 0 and 19 

patients (45%) at day 7 and were more frequent in women (9/12 women, 75%) than in men (8/30 

men, 27%; 2, P=0.004), which is in agreement with previous studies.33,34,50 Hyperprolactinemia 

symptoms were reported by 6 patients (3 women, 3 men; sexual dysfunction, n=3; galactorrhea, n=1; 

gynecomastia, n=1; and amenorrhea, n=1), which were not associated with particularly high prolactin 

levels (median: 37 ng/mL, IQR: 20-55). 

 

Prolactin levels were significantly correlated with RIS, OHRIS and active moiety plasma levels (rs=0.43, 

P=0.0047; rs=0.33, P=0.037; rs=0.38, P=0.013, respectively) at day 0. Significant association was found 

between risperidone exposure and prolactin levels using a mixed model adjusted for age and gender 

(RIS P=0.001, OHRIS P<0.001 and active moiety P<0.001). Of note, 47% of the variation of prolactin 

level can be explained by the model including age, sex and active moiety plasma level. On the other 
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hand, fortnightly dose does not improve the model and was not found to be associated with 

prolactin levels (P=0.47). Prolactin levels adjusted for age and gender were significantly associated 

with NR1I2 rs2472677C>T polymorphism (P=0.032). At day 0, 1.8-fold (in women) and 1.3-fold (in 

men) lower prolactin levels were found in carriers of the CC genotypes as compared to the CT and TT 

genotypes were found. 

 

4. Discussion 

This study aimed to analyse, in a group of patients receiving RLAI treatment, the influence of gene 

polymorphisms potentially linked to risperidone metabolism and transport, and of the CYP3A activity 

on the plasma levels of RIS and OHRIS, and on potential side effects induced by this drug. 

 

Pharmacokinetic variability and associated factors 

In agreement with a previous report,26 a very large inter-individual variability was measured for dose-

adjusted plasma concentrations of RIS, OHRIS and active moiety in patients receiving RLAI (37-, 38- 

and 12-fold variations, respectively). CYP2D6 activity was found to be a major determinant of 

risperidone pharmacokinetics, with the CYP2D6 genotype showing a significant influence on dose-

adjusted plasma levels of RIS, and RIS/OHRIS ratio but not on dose-adjusted OHRIS and active 

moiety. These results are similar to previously published results in patients receiving oral 

risperidone.16,51-53 Our results are also in agreement with studies showing a minor influence of 

CYP2D6 on dose-adjusted active moiety concentration,52-55 although some controversial results have 

been published.13 Additionally, we confirmed the influence of strong CYP2D6 inhibitors on 

risperidone metabolism.5,7 

 

Although not statistically significant, CYP2D6 PMs seemed to be underrepresented with only 1 (3%, 

95%CI: 0-17%) patient with this genotype out of 32 Caucasians as compared to the 5-10% frequency 

expected in the Caucasian population.56,57 In contrast, CYP2D6 UMs seemed to be overrepresented in 

the present study (5 patients, 12%, 95%CI: 6-32%), the frequency being more than 2 to 4-fold higher 

than the reported 3 to 5% in Caucasian populations.56 Therefore, the possibility of an earlier 

treatment discontinuation in PM patients due to potential side effects is questioned. The PM 

phenotype was previously reported to increase the risk for side-effects and drug discontinuation in 

patients receiving oral risperidone.58 On the other hand, the higher than expected prevalence of UM 

in the present study raise the question whether patients receiving antipsychotics metabolized mainly 

or partially by this enzyme (e.g. aripiprazole and to a lesser extent haloperidol, olanzapine) might 

respond inadequately and then be switched to an injection formulation because of suspicion of poor 

compliance. 
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In patients receiving oral risperidone, the administration of strong CYP3A inhibitors or inducers 

resulted in high or low plasma levels of RIS, OHRIS and of the active moiety, respectively.8,11,12 In the 

present study with patients with depot formulation of risperidone, CYP3A activity did not predict 

dose-adjusted RIS, OHRIS, and active moiety plasma levels. As the midazolam ratio was suggested to 

reflect CYP3A activity both in the liver and in the intestines,59 one may hypothesize that the depot 

formulation, by shunting the first pass effect, reduces the influence of CYP3A in the pharmacokinetics 

of injected risperidone. 

 

In agreement with the direct determination of CYP3A activity, no associations were found between 

the analyzed CYP3A SNPs and risperidone pharmacokinetics. These results are in line with other 

studies,53,60,61 while another study found higher OHRIS and active moiety plasma levels for 

CYP3A5*3*3 compared to the other genotypes in patients receiving oral risperidone.14 It has recently 

been shown that the genetic polymorphism of ABCB1 does not influence or only moderately the 

steady-state plasma concentrations of RIS and OHRIS after the oral intake of risperidone.13,16,53,61 In 

the present study with risperidone depot formulation, we showed that ABCB1 genetic 

polymorphisms do not significantly contribute to variability of RIS and OHRIS in the blood. 

 

Interestingly, we showed a significant association between NR1I2 genetic polymorphism and 

risperidone pharmacokinetics. The rs1523130, rs2472677, and rs7643645 SNPs were previously 

identified in transcription binding sites of NR1I2 regulatory regions.24 In patients with HIV treated 

with 400 mg/day of atazanavir, a P-gp and CYP3A substrate, the rs2472677T reduces the trough 

plasma concentration of this drug44 which is in line with its reported increased activity.24 In the 

present study, the NR1I2 rs7643645G allele, linked to a decreased transcription 24, was found to be 

associated with lower dose-adjusted OHRIS and active moiety plasma levels. Moreover, these results 

were replicated in a second independent cohort of patients receiving RLAI as well as when the two 

cohorts were combined. These results could be tentatively explained by the lower CYP3A and ABCB1 

transcription activity measured in subjects with the G allele.24 However, because CYP3A activity 

measured by the phenotyping test was not found to be associated with risperidone 

pharmacokinetics, the influence of PxR observed in the present study could not be explained by the 

induction of CYP3A but rather by the induction of other drug metabolizing enzymes and/or P-gp 

and/or other transporters. The influence of NR1I2 gene remains, however, to be demonstrated after 

an oral intake of this drug, due to the first pass effect and the involvement of other confounding 

factors. 
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Variation of RLAI over 1 week 

This study also aimed to investigate the stability of RIS and OHRIS levels between the day of injection 

and 7 days later. Non significant differences were observed for RIS, OHRIS and active moiety 

between the two time points, which is in agreement with previously published results showing 

moderate (about 2-fold) plasma variations observed at steady state.48,62 However, although the mean 

RIS, OHRIS and active moiety plasma levels did not vary overall between day 0 and day 7, 2 groups of 

patients can be distinguished, the first group of 22 patients having an approximately 2-fold increase 

while a second group of 19 patients had a 30 to 50% decrease concentration of RIS, OHRIS and active 

moiety. 

 

Interestingly, the present study showed significant association of NR1I2 rs2472677 and rs7643645 

with RIS, OHRIS and active moiety plasma evolution, with the T and A alleles, respectively, associated 

with decreased plasma levels from day 0 to day 7. These results are in agreement with results 

showing that these alleles are associated with increased CYP3A activity.24 However, since CYP3A 

activity measured in the present study was not found to influence the evolution of RIS, OHRIS, and 

active moiety plasma levels between day 0 and day 7, the present results suggest that the induction 

of other drug metabolizing enzymes and/or transporters following the injection of RLAI leads to a 

decrease of dose adjusted RIS, OHRIS and active moiety plasma levels from the day of injection to 

seven days later.  

 

Pharmacodynamic variability and associated factors 

Clinical response (CGI) 

In line with previous reports, no significant correlation was found between blood concentration and 

therapeutic response for RIS, OHRIS and active moiety.7,63 This was expected as the naturalistic study 

design was not well fitted for this purpose (very variable treatment duration, simple global 

impression scale used which may not reflect the specific therapeutic action on psychotic symptoms, 

etc). The criteria of four injections might also have discarded non-responders with high CGI score, 

while the long treatment duration (median of 8.5 months) might contribute to the overall low CGI 

score in the group (median score of 3).  

 

Extrapyramidal side effects (SAS) 

Extrapyramidal side-effect is an important issue for risperidone treatment as 16% and 20% of the 

patients received anticholinergic drugs when treated with oral risperidone and RLAI, respectively, 

while 34% had extrapyramidal symptoms in the latter group.64,65 In the present study, in accordance 

with previous reports on oral risperidone, no association was found between the different plasma 
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levels and other clinical variables with SAS scores.1,10,66 Conflicting results were published on the 

relationship between the prevalence of EPS and risperidone dose or risperidone plasma 

concentrations.1,5,7,58,67-70  

 

CYP2D6 PMs were suggested to be at higher risk for tardive dyskinesia, and risperidone 

discontinuation due to adverse drug reactions.58,58,71 In the present study, as only one CYP2D6 PM 

was included, no conclusion can be drawn on this point. When taking into account the 3 patients 

with a presumably CYP2D6 PM status, no association was observed for the drug adverse reactions. 

Although increased extrapyramidal symptoms were noted in a patient with a concomitant 

administration of risperidone and strong CYP3A inhibitor,11 we did not find any influence of CYP3A 

genotypes and SAS scores in the present study, which is in agreement with the lack of association 

between CYP3A genotypes and RIS plasma levels. 

 

ABCB1, a gene that encodes an efflux transport at the blood brain barrier and which could therefore 

influence the brain levels of drugs, was hypothesised to influence EPS. A previous study with oral 

risperidone found that ABCB1 2677T - 3435T carriers presented an increased occurrence of 

extrapyramidal symptoms which were not linked to plasma concentrations.13 No such associations 

were found in the present study, which differ by many variables (oral form, drug naïve patients, short 

term study with 8 weeks of follow up and a majority of women in the former study). Interestingly, we 

found a higher SAS score for NR1I2 rs2472677CC genotype, which was reported to be linked to a 

decreased  activity,24 as compared to the T carriers. Thus, one could hypothesize that decreased 

activity of P-gp and/or of other transporters at the blood brain barrier could increase RIS and OHRIS 

brain levels and therefore explain the observed increase of extrapyramidal symptoms. 

 

Prolactin plasma concentration 

In the present study, 43% of patients had elevated prolactin levels which is in accordance with the 

high occurrence found in previous reports with oral risperidone,50,72,73 and with RLAI74 although its 

intensity compared to oral risperidone is still not clearly demonstrated.75 Interestingly, a significant 

positive correlation was found between prolactin levels and RIS, OHRIS and active moiety plasma 

levels. Prolactin level adjusted for age and gender was also significantly associated with NR1I2 

rs2472677C>T polymorphism, but with lower levels in carriers of the CC genotypes as compared to 

the CT and TT genotypes. No explanation can be presently proposed to explain the apparent 

discrepancy that the same genotypes (i.e. CC) are associated with increased extrapyramidal 

symptoms and decreased prolactin levels. One can, however, mention that occurrence of 

extrapyramidal symptoms is thought to be mediated by D2 receptor antagonism at the level of the 
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striatum while the release of prolactin is induced by D2 blockade at the level of the pituitary.76 

Interestingly, while the striatum is located in the central nervous system part protected by the blood 

brain barrier, the pituitary is outside this barrier.77,78 Thus, as polymorphisms of NR1I2 affect the 

activities of both metabolic enzymes and transporters, the same genetic polymorphism could affect 

differently the activity of drugs depending on the location of the target organ. In addition, it remains 

to be determined whether the stronger increase of RIS, OHRIS and active moiety plasma levels 

observed in the carriers of the C allele of NR1I2 rs2472677 between day zero and day 7, with 

therefore wider fluctuations of RIS and metabolite plasma levels during the 14 day interval between 

2 injections, could contribute to the observed association with stronger plasma prolactin levels 

measured on day 0 as suggested elsewhere.79 

 

Weight gain and metabolic profile 

Median weight gain was 4.5 kg for a median duration of treatment of 8.5 months, which is in 

accordance with a previous report.80 In total, 38% of patients gained more than 10% of their baseline 

weight. Only one patient was treated with a medication associated with weight loss (i.e. metformin), 

therefore no adjustment was carried out for this type of medication in the analyses. Increased 

cholesterol and decreased HDL levels were respectively found in 14% and 33% of the cohort, which 

are not a common side-effect related to oral risperidone treatment81,82 nor to RLAI.74 However, 

risperidone could indirectly influence the lipid pathway through the increased risk of weight gain in 

this group during long-term treatment. This is in agreement with results showing lipid parameter 

impairment during long-term risperidone monotherapy in an Asian population83 and a rapid 

worsening of hypertriglyceridiemia in a geriatric patient for whom oral risperidone has been 

introduced.84 Concerning HDL levels, the significant positive correlation found in the present study 

between CYP3A activity and higher HDL levels is in accordance with similar findings in a rat model. An 

increased HDL levels was observed in rats treated with inducers of CYP3A activity as compared to 

control rats, and this HDL level increase was proportional to the potency of each CYP3A inducer.85 

Moreover, the PXR inducer rifampin86 was reported to increase HDL levels in mice while in PXR-

knock-out mice no significant change was observed.85 Similar effect is also suggested in humans: 

patients receiving anticonvulsant (i.e. phenobarbital, phenytoin, two CYP3A4/5 inducers41) showed 

increased HDL levels as compared to healthy matched controls.87,88 A significant correlation was also 

found between HDL levels and the corresponding CYP content in 18 human livers obtained by 

percutaneous biopsy,87,88 with CYP3A being the major CYP enzyme in the liver.89 

Limitations 

This study has several limitations: first, its naturalistic cross-sectional design which leads to a 

heterogeneous RLAI medication including different treatment durations, variable doses, and 
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psychiatric diagnostics. This, in addition to the fact that the CGI score is a very simple scale, limits the 

value of our data on therapeutic response as well as the statistical analysis performed on these data. 

On the other hand, this limitation should not apply to the blood levels of the RIS, OHRIS and active 

moiety, nor to the other clinical variables (prolactin and cholesterol levels, extrapyramidal 

symptoms). The second limitation is the modest number of patients included and the statistical 

analysis which were not corrected for the multiple tests performed. Thus, the new findings of the 

present study must be considered as preliminary and must be validated in other cohorts, although 

the significant association between NR1I2 genetic polymorphism and RIS, OHRIS and active moiety 

have already been replicated in a second data set of patients receiving RLAI. On the other hand, the 

strength of this study on depot formulation is that by definition, the compliance of the patients is 

ascertained, which is important considering the poor compliance observed with oral formulation on 

long term treatment.90,91  

 

Conclusion 

In agreement with previous reports on oral risperidone, CYP2D6 was also found to significantly 

contribute to RIS pharmacokinetics in patients treated with RLAI. On the other hand, neither CYP3A 

activity measured by a phenotyping test nor genetic polymorphisms of CYP3A, and ABCB1 genes 

were found to be associated with RIS, OHRIS or the active moiety plasma levels. Accordingly, side 

effects induced by risperidone may not be associated with these genetic polymorphisms. Prolactin 

levels were found to be related to risperidone exposure. Interestingly, genetic polymorphisms of the 

NR1I2 gene were significantly associated with RIS, OHRIS and active moiety plasma levels, with 

variations of their levels during the week following the injection, and with the extrapyramidal side-

effects, and with the prolactin levels. These results must be replicated in other studies with patients 

receiving RLAI, and it must also be determined whether these results remain valid in patients 

receiving the oral form of risperidone. 
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Table 1: Clinical characteristics of the patients 

Variables       

    

Prolactin [ng/mL] (median; range) 34 (7-271) 

High prolactin ‡ (n; %) 18 (43) 

BMI [kg/m2] 
   Initial BMI * (median; range) 24.8 (16.9-36.3) 

Current BMI (median; range) 27.1 (18.0-39.9) 

Cardiovascular risks ¥ 
   Initial prevalence of obesity * (n; %) 18 (23) 

Current prevalence of obesity (n; %) 22 (26) 

Smoker (n; %) 68 (81) 

Total cholesterol [mmol/L] (median; range) 4.8 (1.2-9.6) 

High total cholesterol (n; %) 12 (14) 

HDL cholesterol [mmol/L] (median; range) 1.2 (0.6-2.4) 

Low HDL cholesterol  (n; %) 28 (33) 

RLAI duration [months] (median; range) 8.5 (2-78) 

RLAI dose [mg/2weeks] (median; range) 37.5 (25-75) 
        

     
RLAI: risperidone long-acting injection 
‡ High prolactin is considered as prolactin > 40 ng/mL for women and > 50 ng/mL for men  
¥BMI is considered as normal <25, overweight 25-30 and obese >30, total cholesterol ≥6.2 
mmol/L, and HDL cholesterol <1mmol/l for men and <1.3mmol/l for women are considered as 
cardiovascular risk factors. 

* Variables before RLAI treatment initiation 
   

 



 
 

Table 2: Genotype frequencies in the whole cohort (n=42). 

  
n 

Frequency 
(%) 

95% CI 
(%) 

 
  

n 
Frequency 
(%) 

95% CI 
(%) 

 

  
n 

Frequency 
(%) 

95% CI 
(%) 

 
      

 
    

 
    

ABCB1 3435CT 
  

 

CYP3A4 *1B 
  

 

NR1I2 rs1523130 
  

CC 15 36 23-51 

 

*1/*1 35 83 69-92 

 

TT 10 24 13-39 

CT 19 45 31-60 

 

*1/*1B 5 12 5-25 

 

TC 20 48 33-62 

TT 8 19 10-34 

 

*1B/*1B 2 5 1-17 

 

CC 12 29 17-44 

ABCB1 1236CT 
  

 

CYP3A5 *3 
  

 

NR1I2 rs7643645 
  

CC 15 36 23-51 

 

*1/*1 5 12 5-25 

 

AA 22 52 38-67 

CT 22 52 38-67 

 

*1/*3 7 17 8-31 

 

AG 16 38 25-53 

TT 5 12 5-25 

 

*3/*3 30 71 56-83 

 

GG 4 10 3-23 

ABCB1 2677GT 
  

 

CYP3A7 *1C 
  

 

CYP2D6* 
   

GG 19 45 31-60 

 

*1/*1 38 90 77-97 

 

PM 1 2 0-13 

GT 17 40 27-55 

 

*1/*1C 4 10 3-23 

 

IM 15 36 23-51 

TT 6 14 6-28 

 

*1C/*1C 0 0 - 

 

EM 21 50 35-64 

CYP3A4 rs4646437 
  

 

NR1I2 rs2472677 
  

 

UM 5 12 5-25 

CC 26 62 47-75 

 

CC 9 21 11-36 

     CT 12 29 17-44 

 

CT 25 60 44-73 

   
 

 TT 4 10 3-23   TT 8 19 10-34           

 
   

  
   

  
   

*CYP2D6: PM, poor metabolizer: *4/*4, n=1; IM, intermediate metabolizer: *1/*3 n=1, *1/*4 n=11, *1/*5 n=2, *4/*XN n=1; EM, 

extensive metabolizer: *1/*1 n=21; UM, ultrarapid metabolizer: *1/*XN or *XN/*XN, n=5.  

1
07
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Table 3: Risperidone, OH-risperidone and active moiety (RIS + OHRIS) plasma levels at day of 

injection (day 0) and at day 7 according to the fortnightly dose of RLAI (median and interquartile 

range (IQR) are shown).  

 

Dose  n % Plasma levels (ng/mL) 

 

      Risperidone OH-risperidone Active moiety 

Levels at day 0     median IQR median IQR median IQR 

 
25 mg 12 (29) 3 (0.8-13) 9 (1-38) 12 (4-47) 

 
37.5 mg 9 (22) 4 (3-14) 16 (6-22) 21 (9-26) 

 
50 mg 16 (39) 5 (2-59) 14 (7-53) 23 (9-81) 

 
75 mg 4 (10) 6 (3-13) 18 (9-36) 27 (12-44) 

Levels at day 7       
 

  
 

  
 

 
25 mg 13 (31) 3 (1-15) 9 (2-21) 12 (7-26) 

 
37.5 mg 9 (21) 6 (2-9) 18 (8-27) 24 (10-30) 

 
50 mg 16 (38) 5 (2-36) 16 (7-34) 23 (9-52) 

 
75 mg 4 (10) 5 (3-20) 23 (20-26) 29 (26-40) 
 

                  

  
 



Manuscrit V: Risperidone en injection et CYP2D6, PXR 109 

 

Table 4: Risperidone, OH-Risperidone and active moiety (RIS + OHRIS) plasma levels corrected by the dose at 

day of injection (day 0) and at day 7 according to the NR1I2 rs7643645 genotypes (median and interquartile 

range (IQR) are shown). 

 

NR1I2 rs7643645 Day 0 (ng/mL∙mg) Day 7 (ng/mL∙mg) * Ratio day 7/day 0 

  
n 

plasma 
levels 

IQR 
plasma 
levels 

IQR ratio IQR 

Risperidone/dose 
     

 
AA 22 0.12 0.08-0.20 0.10 0.07-0.20 0.93 0.60-1.33 

 
AG 15 0.12 0.10-0.36 0.13 0.08-0.54 0.80 0.40-2.25 

 
GG 4 0.07 0.05-0.10 0.22 0.14-0.31 3.04 2.17-4.70 

  p   0.140   0.342   0.009   
OH-Risperidone/dose 

     

 
AA 22 0.34 0.21-0.45 0.33 0.27-0.48 1.09 0.72-1.50 

 
AG 15 0.38 0.26-0.48 0.41 0.30-0.53 1.00 0.58-2.15 

 
GG 4 0.13 0.08-0.23 0.59 0.30-0.75 3.48 2.31-4.52 

  p   0.008   0.549   0.006   
Active moiety/dose 

     

 
AA 22 0.51 0.32-0.64 0.47 0.37-0.64 1.09 0.69-1.43 

 
AG 15 0.56 0.36-0.96 0.52 0.40-0.79 0.89 0.48-2.33 

 
GG 4 0.18 0.16-0.30 0.82 0.50-1.00 3.25 2.37-4.50 

  p   0.020   0.275   0.005   

    

  
            

* one additional patient at day 7 (AG genotype) excluded from day 0 and day 7/day 0 ratio due to a 
suspicion of oral risperidone intake. Similar results for day 7 were obtained with or without this 
patient. 
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Fig 1: Plasma concentration corrected by the dose (ng/mLmg) of risperidone (RIS), OH-risperidone 
(OHRIS), the active moiety (RIS + OHRIS) and RIS/OHRIS ratio adjusted by age and sex for CYP2D6 
genotype. Data were obtained according to the mixed-model and showed as mean ± standard 
error.  
* p<0.01; PM: poor metabolizer; IM: intermediate metabolizer; EM: extensive metabolizer; UM: 
ultrarapid metabolizer 
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2.2 Manuscrit VI: Influence of CRTC1 polymorphisms on body mass index in patients with 

psychotropic treatments. Manuscrit en préparation. 

 

Le CRTC1 a récemment été montré comme faisant partie du cycle de la leptine et jouant un rôle dans 

la régulation de la satiété et de l’homéostasie de l’énergie dans des modèles animaux. Cette étude 

décrit l’influence de trois SNPs du CRTC1, sélectionnés de façon exploratoire, sur l’IMC et la prise de 

poids dans deux populations différentes provenant de l’Etude prise de poids Genève (N=152) et de 

l’Etude Suivi métabolique Lausanne (N=174). 

Le SNP rs3746266A>G du gène CRTC1, amenant à un changement d’acide aminé, a été associé à une 

différence de l’IMC. Les porteurs de l’allèle G ont un IMC significativement plus bas que les individus 

AA, le génotype GG étant donc associé à un effet protecteur.  

Cet effet est plus marqué chez les  femmes pré-ménopausées que chez les femmes post-

ménopausées et n’est pas visible chez les hommes. Une différence allant jusqu’à 2.9 kg/m2 entre les 

deux génotypes a ainsi été observée chez les femmes pré-ménopausées. Ce résultat positif trouvé 

dans la première cohorte a été répliqué dans la deuxième. Les deux autres SNPs sélectionnés 

(rs10402536 et rs8104411) n’ont pas montré d’associations significatives avec l’IMC. Cette étude est, 

à notre connaissance, la première à démontrer l’influence d’un polymorphisme du CRTC1 sur l’IMC 

des patients sous psychotropes. 
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Abstract 

Weight gain is one of the most frequent side-effect associated with the use of atypical antipsychotics 

and/or mood stabilisers, with an important interindividual variability. The CREB-regulated 

transcription coactivator (CRTC1) gene was recently reported to be involved in energy balance and 

satiety in animal models. The present study investigates the role of CRTC1 polymorphisms 

(rs10402536, rs8104411 and the non-synonymous rs3746266) on body mass index (BMI) in patients 

treated with psychotropic drugs. Two independent Caucasian psychiatric populations were included 

(n1=152 and n2=174 patients) and mixed-model analysis controlling for age, gender, type of drug, 

dose, and comedication causing weight-gain was performed. In the first cohort, lower BMIs were 

measured in carriers of the rs3746266G allele than in AA genotypes (p1=0.008), a finding confirmed 

in the second group (p2=0.048) and in the combined cohort (p<0.001), with an increased BMI of 1.6, 

1.0 and 1.3 kg/m2, respectively. When combining both cohorts, lower BMI (1.5 kg/m2, p=0.020) were 

measured in women carriers of the rs3746266G allele (n=40) than in AA genotypes (n=78), but not in 

men (p=0.17). The strongest effect was observed in the premenopausal women group with 2.9 kg/m2 

higher BMI in AA genotype (n=38) compared to G carriers (n=23, p=0.005), while no differences 

between genotypes were measured in the postmenopausal women group (p=0.30). In conclusion, 

CRTC1 rs3746266 polymorphism was associated with differences in BMIs in patients receiving 

psychotropic drugs, an effect which seems to be restricted to premenopausal women. 
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1. Introduction 

Several studies have demonstrated an increased mortality in psychiatric populations (1-3), due in 

part to the high cardiovascular risk factors linked to the illness and to several comorbidities including 

obesity, metabolic syndrome, lifestyle factors (smoking status) and also to the pharmacological 

treatment (Choong et al, submitted)(4-8). The strong effect on weight of atypical antipsychotics (AP) 

and of other drugs such as the mood stabilizers (MS) lithium and valproate (9-11) has been of 

growing concern for the health care management of patients. Thus, weight gain and obesity in the 

long term can lead to several metabolic complications such as dyslipidemia, insulin resistance, type 2 

diabetes and cardiovascular diseases, which can ultimately reduce life expectancy by several years 

(12-15).This led to the establishments of guidelines to monitor the potential metabolic complications 

during AP treatment (16;17).  

 

The cyclic AMP response element-binding protein (CREB)-regulated transcription coactivators 

(CRTCs, also called TORCs) comprise three members, namely CRTC1, CRTC2, and CRTC3 that are 

expressed in different tissues (18). They are localised in the cytoplasm in a phosphorylated form (19). 

Following the activation by calcium or by cyclic AMP, CRTCs are dephosphorylated, shuttle to the 

nucleus, bind to CREB, and thereby enhance the transcription of CREB-dependent transcription genes 

(19-21). CRTC1 gene is of particular interest since it was recently associated with energy balance in 

mice models (22). CRTC1 knock-out mice were observed eating more and expending less energy, thus 

developing an obese feature under a normal diet (21;22). In the long term, the mutant mice 

presented a hypertriglyceridemia, a hyperglycemia and 2 to 3 times more white adipose tissue than 

their littermates (22). Because no difference was observed in other tissues, the authors concluded on 

a specific impact of CRTC1 on body weight, which might be specific to white adipose tissue. 

 

Although the role of CRTC1 in obesity has not yet been elucidated, it was suggested that it might 

alter the expression of anorexigen neuropeptides and be involved in satiety (22). The CRTC1 is mainly 

expressed in the brain (22-24) and is a putative target for leptin in the hypothalamus, where it may 

transduce its anorexic effect by promoting the expression of neuropeptides mediating satiety (i.e. 

the cocaine- and amphetamine-regulated transcript CART and the brain derived neurotrophic factor 

BDNF (22;25). Interestingly, CRTC1 has been associated with the regulation of CARTPT (CART 

prepropeptide) gene expression in vitro and CART was reported to inhibit food intake in response to 

leptin in arcuate neurons (22). In addition, a role in reproduction was also reported for CRTC1 even if 

this point is more controversial (21;22). The CRTC1 knockout mice were reported to be infertile and 

presented low luteinizing hormone (LH) levels (22) although this was not confirmed in another study 
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(21). The mechanism underlying infertility was supposed to be linked to the absence of CRTC1 

stimulation on kisspeptin-1 (KISS1) expression (22). 

 

The risk of obesity has a heritable component suggesting that it might be caused by genetic 

variations. In addition, significant inter-individual variability in weight gain was reported during 

psychotropic treatment, which might be due, among others, to genetic factors. Thus, a certain 

number of genes that showed consistent associations with antipsychotic-induced weight gain are 

already known (26-28). Given the strong effect of CRTC1 in mice, this gene might also play a role in 

obesity in humans. The present work analyses the association of human CRTC1 polymorphisms with 

BMI, weight gain during psychotropic treatment in two independent psychiatric populations treated 

with APs and/or with MS. 

 

2 Materiel and Methods 

2.1 Patients and study design 

Subjects were selected from two independent studies (described below) which were approved by 

their respective ethics committee (Ethics Committee of Geneva and Lausanne University hospitals, 

respectively). Written informed consent was given by all subjects or their legal representative. All 

subjects were of Caucasian origin and were treated with a psychotropic drugs that could cause 

weight gain (AP and/or lithium and/or valproate) and weights for at least two different time points 

during their current psychotropic treatment were available. Patients were included in the present 

study only if their drug plasma levels were above an arbitrary threshold at 10% of the minimal 

therapeutic drug plasma concentration (29) (i.e. 15, 35, 2, 7, 2 5, 0.05 mmol/L and 5 mg/L for 

aripiprazole, clozapine, olanzapine, quetiapine, risperidone + 9-hydroxy-risperidone, sertindole, 

lithium, 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 for sleep disorders). The demographic data 

and treatment histories were obtained from the medical files. Psychiatric diagnoses were established 

by physicians according to ICD-10. BMI was defined as weight/height2, measured in kg/m2 and values 

between 25-30 kg/m2 and equal or higher than 30 kg/m2 were used to define overweight and obese 

patients, respectively. Comedications described as inducing frequent (>1%) weight gain or weight 

loss were identified from relevant data bases (30;31). Patients characteristic are reported in Table 1. 

 

Cohort 1 

In a retrospective cross-sectional study, patients from two out-patient psychiatric centres were 

included from Geneva University hospital from 2006 to 2008. Patients treated for more than 3 
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months with clozapine, olanzapine, quetiapine, risperidone, lithium, and/or valproate were included 

(Choong et al., submitted). Patients’ weight at the initiation of the current treatment or at different 

time during treatment were collected from the medical file or were self-reported (baseline weight 

was self-reported in 76% of the cases). The reliability of self-reported weights was ascertained 

among patients with weights also available from the medical files and an excellent concordance was 

found (n=29, rs>0.9) (Choong et al., submitted). The median treatment duration was 30 months 

(range: 3-333) and the median current BMI (i.e. at time of inclusion) was 28.1 kg/m2 (range: 17.1-

42.3). The study comprised one single visit performed during the routine psychiatric follow-up. When 

two or more studied drugs were concomitantly prescribed, the medication with the longest 

treatment duration was considered in the model, while the others were classified as comedication 

possibly causing weight gain. 

 

Cohort 2 

In an ongoing follow-up study conducted since 2007 in all psychiatric wards of Lausanne University 

hospital (from paediatrics to geriatrics), patients with a new prescription of aripiprazole, amisulpride, 

clozapine, olanzapine, quetiapine, risperidone, sertindole, and/or lithium, valproate were recruited. 

Most of them had already received other psychotropic treatments and were included in the study 

after switching the medication (Choong et al., manuscript in preparation). No wash-out period was 

required. Weights and clinical variables were recorded at several time points during the first 12 

months according to the currently recommended monitoring protocols (i.e. baseline before starting 

the current medication then, months 1, 2, 3, 6, 9, and 12) (17;32). The median treatment duration 

was 6 months (range: 1-12) with a median BMI of 24.2 kg/m2 (range: 14.7-41.2). The studied drug, 

which was newly introduced at the time of inclusion, was considered in the model. In case of 

concomitant prescription of other studied drugs, the latter were classified as comedication 

potentially linked to weight gain. 

 

2.2 Clinical measurements 

Blood samples were stored at –20 °C until analysis. Quantification of psychotropic drugs in plasma 

was performed using validated analytical methods (Choong et al., in preparation) (33). Lithium 

plasma levels were determined using a specific electrode system (EasyLyte, Medica, Châtel-St-Denis, 

Switzerland) and valproate levels using a Cobas Integra 400 instrument (Roche Instrument 

Diagnostic, Basel, Switzerland). 
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2.3 Genotyping 

Genomic DNA was extracted from the ethylenediaminetetra-acetic acid (EDTA) blood samples using 

the FlexiGene DNA Kit (Qiagen, Hombrechtikon, Switzerland). CRTC1 polymorphisms were genotyped 

by real-time polymerase chain reaction (RT-PCR) with the 5’-nuclease allele discrimination assays 

(ABI PRISM 7000 Sequence Detection System; Applied Biosystems, Rotkreuz, Switzerland). A Custom 

Taqman SNP Assay including the primer sequences TGGCTCCTCTCCACAGCA (forward), 

CTGAGTGATGGGTGACAGC (reverse), and labelled probes FAM-ATCGCCCGCCCTGT and VIC-

CATCGCCCACCCTGT was used to analyse rs3746266A>G polymorphism. Taqman SNP Genotyping 

Assay ID: C____26737143_10 and ID: C__32455030_10 were used for rs8104411C>T and 

rs10402536G>A SNPs, respectively. All reagents were obtained from Applied Biosystems (Rotkreuz, 

Switzerland), and genotyping was performed according to the manufacturer’s protocol. Prior to the 

analyses of patients’ samples, the genotyping assay was validated by sequencing control samples, 

using an ABI BigDye terminator version 1.1 kit on an ABI PRISM 3100 automated sequencer, as 

previously described (34). These control samples were added to each 96-reaction plates to ensure 

the quality of the results. 

 

2.4 Statistical analysis 

The association of CRTC1 SNPs with the BMI was firstly assessed at the beginning of the treatment in 

Cohort 1, 2 and in the combined cohort using Mann-Whitney tests. Then, the influence of CRTC1 

SNPs on the BMI and weight gain during the current treatment was evaluated in Cohort 1. The 

influence of the three CRTC1 SNPs on BMIs was assessed by fitting a Generalized Additive Mixed 

Model (GAMM) (43;44). Age, gender, studied drugs, psychiatric diagnosis, and standardised dose 

were controlled in the models for patient with no comedication that might cause weight gain. The 

same Generalized Additive Mixed Model was used for weight adding height to the previously 

considered covariables. Coefficients obtained from the mixed-model were used as it provides 

information on both the direction of the association between BMI and the genotype and on the 

magnitude of this change (the coefficient does not belong to a specific period of the treatment but 

represents an overall trend). The psychotropic drugs were classified into 2 categories, according to 

their therapeutic class (i.e. AP vs. MS) (30). A 45-year-old threshold was applied to categorise pre- 

and post menopausal women.  

 

The positive result obtained with rs3746266 was repeated in Cohort 2 for replication. Statistical 

analyses were also performed with data of the combined cohorts. For this purpose, because the 2 

cohorts differ by the median length in treatment, only patients having been treated with the current 

psychotropic treatment for less than 24 months were taken into account to preserve homogeneity in 
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this group. The weight gain during treatment with psychotropic medication and in relation to CRTC1 

genotype was analysed in univariate analysis using Mann-Whitney tests and in linear regressions 

controlling for the covariables considered in the mixed-model for weight.  

All SNPs were tested for Hardy-Weinberg equilibrium (HW) and linkage disequilibrium, as defined by 

the values of D’ and r2.  

 

All tests were two-sided and a P-value less than or equal to 0.05 was considered statistically 

significant. All the analyses were performed using Stata 11 (StataCorp, College Station TX, USA), R 

version 2.11.1 software (45), and GraphPad Prism v5.04 for Windows (GraphPad Software, San Diego 

California USA, www.graphpad.com).  

 

3 Results 

The present study is based on a total number of 326 Caucasian patients (152 in Cohort 1, 174 

patients in Cohort 2), with 30% and 44% being overweighed and 40% and 18% being obese in Cohort 

1 and 2, respectively. Thus, the prevalence of obesity in both cohorts was about 1.5 to 3-fold higher 

than in the general Swiss population of similar age (46-49), which is in agreement with other 

European studies on schizophrenic (50) or bipolar patients (8;51;52). The lower BMIs and lower 

frequency of obese patients measured in patients in Cohort 2 as compared to Cohort 1 may most 

probably be explained by the lower age and the lower treatment duration in the this group (see 

Table 1). 

3.1 CRTC1 polymorphisms 

To our knowledge, no functional consequences of CRTC1 genetic polymorphism have been reported 

in humans until now. For the present study, three CRTC1 SNPs were selected. Thus, because CRTCs N 

and C terminal domains were reported to be important for the binding to CREB and for enhancing 

CREB activity via an association with another CREB coactivator (TAFII130) (18), SNPs in the intron 1 

(rs10402536) and in the 3’UTR region (rs8104411) with allelic frequencies in Caucasian population 

superior to 0.3 were selected. The third selected SNP was exonic (rs3746266) leads to an amino acid 

change from threonine to alanine. 

 

The observed minor allele frequencies for rs3746266 were similar between the two cohorts (20 % 

(95% confidence interval (CI): 16-25) and 18 % (95%CI: 13-21) in Cohort 1 and Cohort 2, respectively). 

To our knowledge, no frequency in a Caucasian population has been available so far. A frequency of 

10 % (95%CI: 6-18) for this allele has been reported in NCBI (53), although the data were from a 

multi-ethnic population (n=46). The two other SNPs were analysed only in Cohort 1 and showed a 

minor allele frequency of 27 % (95%CI: 22-32) for rs8104411 and 23 % (95%CI: 19-28) for 
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rs10402536. The frequencies were lower than those reported in NCBI (40 % and 34 %, respectively) 

but only one Caucasian population was available for each SNP (53). Moreover, the frequencies were 

similar to those found in a group of internal healthy controls (n=20), with a MAF of 32 % (95%CI: 21-

46) for rs8104411 and 27 % (95%CI: 16-41) for rs10402536. Allelic frequencies are reported in Table 

2. The SNPs were in Hardy-Weinberg equilibrium (p>0.1). Comparison of the distribution of the 

different genotypes indicated high linkage disequilibrium between rs3746266 and rs8104411 and 

between rs3746266 and rs10402536. The SNPs rs10402536 and rs8104411 were not in linkage 

disequilibrium (Table 2). 

 

3.2 Association of CRTC1 polymorphisms with BMI  

3.2.1 Univariate analyses  

The association of CRTC1 rs3746266 polymorphism with the BMI was firstly assessed at the beginning 

of the treatment in Cohort 1, 2 and in the combined cohort. Because of the low number of mutated 

homozygous (n=6, n=10 for Cohort 1 and 2, respectively), this association was analyzed using a 

dominant model. The median BMI in Cohort 1 at the beginning of treatment was significantly lower 

for G carriers as compared to AA genotypes (p=0.012) with a BMI of 24.4 kg/m2 (range: 17.1-39.8) 

and 26.2 kg/m2 (range: 15.6-45.5), respectively. Lower median BMI was also observed in Cohort 2 at 

the beginning of treatment (22.3 kg/m2 (range: 15.8-33.0) for G carriers as compared to 22.6 kg/m2 

(range: 14.7-41.9) for AA genotype), although the results were not significantly different (p=0.13). 

The BMI at the beginning of treatment for the combined cohort was 22.7 kg/m2 (range: 15.8-33.1) 

for G carriers and 24.1 kg/m2 (range: 14.7-45.5) for AA individuals (p=0.01). Figure 1 shows the BMIs 

at different time periods for CRTC1 rs3746266 genotype in Cohorts 1 and 2 and in the combined 

group. No influence was observed for the CRTC1 rs8104411 and rs10402536 in the univariate 

analyses (data not shown). 

 

3.2.2 Mixed model approach 

Associations between CRTC1 rs3746266 genotypes and BMI or body weight with a dominant model 

are reported in Table 3. The rs3746266 polymorphism was significantly associated with BMI when 

controlling for cofactors (age, gender, type of studied drugs, psychiatric diagnosis, and standardised 

dose) for patients receiving no comedication that might cause weight gain. The G allele was found to 

be associated with a smaller BMI, with the G carriers having a 1.56 kg/m2 lower BMI than the AA 

genotype (p=0.008). Similar results were found in Cohort 2 (p=0.048) and in the combined population 

(p<0.001), with carriers of the G allele having 1.0 and 1.3 kg/m2 lower BMIs as compared to the AA 

genotype, respectively. In the combined cohort, the predicted BMI at the initiation of the current 

treatment was 24.4 kg/m2 (95%CI: 23.4-25.4) and 23.1 (95%CI: 21.9-24.1) for the wild type genotype 
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(AA) as compared to the carriers of the G allele. The predicted BMI after 12 months of treatment 

with the current medication was 26.6 kg/m2 (95%CI: 25.6-27.6) and 25.3 (95%CI: 24.0-26.3), 

respectively. In the combined cohort, the model integrating age, gender, type of studied drugs, 

psychiatric diagnosis, standardised dose and CRTC1 rs3746266 explained 12% of the BMI variations. 

The variable significantly associated with a higher BMI in this model was a higher age (p<0.0001), 

while a tendency was observed for a prescription of atypical antipsychotics as compared to mood 

stabilisers (p=0.054) and for male gender (p=0.086). The predicted BMIs and weights, at baseline and 

after 12 months with the current treatment are shown in Table 4.  

A stratified gender analysis was performed in the combined cohort. A different impact of CRTC1 

rs3746266 between men and women was observed (Table 3). The BMI remained significantly 

associated with the genotype when the comedications possibly inducing weight gain were taken into 

account in the mixed model analyses for the combined cohort (p=0.003, n=311) and for all women 

(p=0.017, n=152). Additional analyses taking into account the menopausal status of women were 

performed. As the menopausal status of the patients were not known, an arbitrary value of 45 years 

was used to classify pre-and post-menopausal women in order to obtain a similar number of patients 

in both groups. In premenopausal women (below 45 years old) the strongest protective effect of the 

G allele, with a higher coefficient BMI of 2.9 kg/m2 in AA genotypes (n=38) compared to G carriers 

(n=23, p=0.004) was observed. On the other hand, only a trend was shown for the influence of 

rs3746266 in women older than 45 years old (n=57, p=0.212) and no significant association was 

found in men (n=116, p=0.168). Similar results were obtained when using a value of 50 and 55 years 

to classify pre- and post- menopausal women. Indeed, the BMI coefficient was 2.04 (n=85, p=0.007) 

and 1.87 (n=95, p=0.011) for women with the G allele younger than 50 and 55 years old, respectively, 

as compared to those with the wild type genotype. Because neither rs8104411 nor rs10402536 

showed a significant association with BMI in Cohort 1, these SNPs were not tested for replication in 

Cohort 2. 

 

3.3 Association of CRTC1 polymorphisms with weight gain during the current treatment 

Among patients, 51 % and 30 % in Cohort 1 and 2 were found to have a weight gain during the 

current treatment corresponding to 10 % or more of their baseline weight. The weight gain (kg) over 

time was not found to be associated with the CRTC1 genotypes in univariate and multivariate 

(adjusted for the covariables of the mixed-model) analyses in Cohort 1 and Cohort 2 and in the 

combined cohort for all studied SNPs (data not shown). These results are in agreement with the 

above mentioned results showing an effect of the CRTC1 genotype on the BMIs already at the 

initiation of the current treatment. Similar results were obtained considering the BMI change (data 

not shown). 
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4 Discussion 

The present study is the first to suggest a role for CRTC1 gene in the regulation of human body 

weight, which is consistent with data from animal models (21;22). In a cohort of 152 psychiatric 

patients the CRTC1 non-synonymous polymorphism rs3746266A>G was associated with BMIs, with 

lower values measured in carriers of the G allele when compared to the AA genotypes. This result 

was replicated in a second independent cohort of 174 patients and in the combined population.  In 

the stratified analysis with the combined population, a similar protective effect for the G allele was 

observed in women, while no effect was observed in men. Interestingly, the strongest and most 

clinically relevant effect was observed in supposedly premenopausal women (i.e. younger than 45 

years) for whom a difference of BMI of 2.9 kg/m2 was found between G carriers and AA genotype. 

The strong association found in women but not in men could have been caused by an enhancement 

of CRTC1 activity by leptin stimulation as this peptide might stimulate the satiety pathway differently 

in women as compared to men. Gender differences were reported for leptin levels (54;55), and 

female gender was shown as a clinical predictive factor for stronger weight gain during treatment 

with APs (56). Interestingly, other studies examining the influence of polymorphisms in the gene of 

leptin or of the leptin receptor on weight induced by APs also showed gender-specific differences 

(57;58). 

The difference found between pre-and post-menopausal women, with the protective effect of the G 

allele being attenuated after menopause, suggests a complex mechanism closely linked to the 

endocrine system. A hypothetical mechanism is presented in Figure 2. Thus dopaminergic D2 

antagonists, such as the APs, can increase prolactin release. An elevated prolactin level is associated 

with decreased levels of the follicle-stimulating hormone (FSH) and of the luteinizing hormone (LH) 

(59) which stimulates the secretion of estrogens and progesterone (60). The estrogens were reported 

in animal model or in in vitro studies to have an intrinsic anorexigen effect (61;62), and to stimulate 

the secretion of leptin (54;55;63). In addition, it has been shown that estrogens levels correlated with 

the levels of the anorexigen BDNF (64). Interestingly, in humans, a recent meta-analysis of genome 

wide association studies reported an association of an intronic SNP of CRTC1 (rs10423674) with the 

age of menarche (65).  Thus, before menopause, a potential proper intrinsic anorexigen effect of 

estrogens (61;62) in conjunction with the increased CRTC1 activity associated with the G allele of 

rs374266 might protect against the elevation of body weight.  After menopause, the CRTC1 

rs3746266G protection might be attenuated, as the endocrine hormones are not secreted anymore 

(60). 

A high prevalence of overweight and obese patients was found in the present study, which is in 

agreement with other studies with psychiatric patients (4-8;67;68). Also, in agreement with the 

association reported between weight gain and treatment duration (69), the median BMI in Cohort 1 
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with the longest treatment duration was higher than the median value in Cohort 2 (Table 1). Because 

most of the patients had a long history of psychiatry illness, were not drug naïve and had previously 

received and experienced weight gain due to multiple treatment before the current one (Table 1), a 

high prevalence of overweight and obese subjects was also found at the initiation of the current 

treatment (Table 1). This might explain, at least in part, why no influence of the studied CRTC1 

polymorphisms was observed on weight gain during the current drug treatment. Thus the BMI at the 

beginning of treatment was already different between CRTC1 genotypes, with the G carriers showing 

lower BMIs, which could be explained by the effects of previous drug treatments. However, in the 

present study including only psychiatric patients receiving weight gain inducing drugs, it cannot be 

determined whether the effect of CRTC1 polymorphisms on BMIs is due to the protective effect of 

the G allele during weight gain inducing drug treatments, or if this effect could also be observed in 

healthy subjects without medications, or both. 

 

Several limitations of this study need to be acknowledged. The hormonal status was not available in 

both cohorts, therefore, the 45-year-old threshold was established as an attempt to discriminate 

between pre- and post- menopausal women. This threshold is, however, in accordance with the 

common occurrence of menopausal symptoms between 46 and 55 years of age (60). In addition, 

similar results were obtained with a threshold of 50 and 55 years. Besides the variables examined in 

the present study which could influence the weights, other environmental and social factors were 

not accounted for due to the naturalistic design of the study. However, the fact that the results were 

replicated in two independent cohorts strengthens the validity of our data. Finally, as above-

mentioned, the present study performed in psychiatric patients does not allow to determine 

whether the influence of CRTC1 gene on weight was demonstrated because of the strong effect of 

psychotropic drug treatment on this variable or whether an influence can also be shown in healthy 

subjects without such treatment. This is presently investigated with data obtained from a genome 

wide scan study with 6000 subjects from the COLAUS study (47). 

 

5 Conclusion 

Obesity is influenced by a complex system of neurotransmitters including neuropeptides, hormones 

and immune related factors (28) which can regulate hunger, satiety and energy homeostasis (70). 

This is the first study to show an association between CRTC1 polymorphisms and BMIs in humans. 

Our results thus suggest an influence of CRTC1 rs3746266A>G polymorphism in BMI regulation with a 

protective effect on body weight for the G allele. The strong influence of CRTC1 in premenopausal 

women opens a new area of research on the interconnection between body weight and hormones. 

The implication of CRTC1 as candidate gene in obesity risk and weight gain mechanisms should be 
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further studied in the general population, but also in psychiatric patients, since it may improve our 

approach towards better treatment strategies in the latter group. 
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Table 1. Patients’ characteristics 

 

Characteristics   Cohort 1, n = 152 Cohort 2, n = 174 

Sex 
 

  

Male (%) 52 49 

Female (%) 48 51 

Age, years (median; range) 42 (19-64) 35 (12-69) 

Diagnosis 
 

  

Psychotic disorders (%) 44 50 

Mood disorders (%) 51 41 

Others diagnosis (%) 5 9 

BMI 
 

  

Initial BMI, kg/m2 ‡ (median; range) 25.2 (15.6-45.3) 22.4 (14.7-41.9) 

Initial 25≥ BMI<30  kg/m2 (%) 55 30 

Initial BMI≥ 30  kg/m2 (%) 20 12 

Current BMI, kg/m2 (median; range) 28.1 (17.1-42.3) 24.2 (14.7-41.2) 

Current 25≥ BMI<30  kg/m2 (%) 30 44 

Current BMI≥ 30  kg/m2 (%) 40 18 

Weight increase* (%; n) 51 (n=126) 30 (n=173) 

Smoker (%) 57 57 

Prescribed psychotropic drug  

 Amisulpride (%) - 9 

Aripirazole (%) - 7 

Clozapine (%) 16 6 

Olanzapine (%) 12 16 

Quetiapine (%) 17 23 

Risperidone  (%) 18 21 

Lithium (%) 22 12 

Valproate  (%) 15 7 

Treatment duration, months (median; range) 30 (3-333) 6 (1-12) 

Concomitant drugs 
 

 

 linked to weight gain (%) 31 33 

    * Weight increase required initial and present weight and is defined as an increase of ≥10 % of the 
initial weight during the current treatment. 
‡ Before the current treatment. 
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Table 2. Top. Frequencies of CRTC1 genotypes and Hardy Weinberg equilibrium (HWE) in the 
two separate cohorts and in the combined population.  
Bottom. Linkage disequilibrium in Cohort 1 (D’ and r2). 
 

            

Patients n Frequencies (%) HWE 

rs3746266  
AA AG GG 

 
Cohort 1 152 64.5 31.6 3.9 1.0 

Cohort 2 174 70.7 24.7 4.6 0.1 

Combined cohort 326 67.9 27.8 4.3 0.2 

rs8104411 
 

CC CT TT 
 

Cohort 1 152 55.3 35.5 9.2 0.2 

rs10402536 
 

GG AG AA 
 

Cohort 1 152 59.2 34.9 5.9 0.8 

      
D’ rs3746266 rs8104411 r2 rs3746266 rs8104411 

rs10402536 0.67 0.03 rs10402536 0.03 0.00 

rs8104411 1.00   rs8104411 0.09   
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Table 3. Associations between CRTC1 rs3746266 and BMI and body weight in a dominant model. 

  BMI (kg/m2) Weight (kg) 

rs3746266A>G AG, GG AA P  
E. Var. 
(%) AG, GG AA P 

E. Var. 
(%) 

         

Cohort 1 
Ref 1.56 0.008 20.5 Ref 4.03 0.017 44.8 

Cohort 2 
Ref 1.01 0.048 13.9 Ref 3.43 0.024 37.5 

Combined cohort * 

Ref 1.34 <0.001 11.7 Ref 3.80 <0.001 35.7 

Combined cohort *, 
Men Ref 0.57 0.168 7.6 Ref 2.07 0.143 30.5 
Combined cohort *, 
Women Ref 1.55 0.020 15.3 Ref 4.13 0.021 20.9 
Combined cohort *, 
Women>45y Ref 0.92 0.212 5.6 Ref 1.84 0.304 13.3 
Combined cohort *, 
Women<45y Ref 2.90 0.004 21.9 Ref 8.21 0.005 29.8 

         
E. Var.: explained variance (%) 

      Results were obtained by fitting Generalized Additive Mixed Models for patient with no comedication 
causing weight-gain controlling for age, gender, studied drugs, and standardised doses.  
* To have similar treatment duration, only patients from cohort 1 treated for up to 24 months were 
included in the combined cohort  
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Table 4: Predicted BMI at baseline and after 12 months with the current treatment for the 

different rs3746266 genotypes. 

Cohort rs3746266  Predicted BMI (CI),  kg/m2 

 

Predicted weight (CI),  kg 

    Baseline 12 months   Baseline 12 months 

Cohort 1, n= 152 

         

 
AA 25.7 (24.0-27.3) 28.6 (26.9-30.2) 

 
73.3 (68.0-77.9) 81.6 (76.3-86.2) 

 
AG, GG 24.4 (22.7-26.1) 27.3 (25.6-29.0) 

 
69.7 (64.8-74.5) 78.0 (73.1-82.8) 

  
      

 
 

 Cohort 2, n= 174 

     
 

 
 

 
AA 23.6 (22.5-24.6) 25.7 (24.6-26.8) 

 
71.7 (67.5-75.8) 78.1 (73.9-82.3) 

 
AG, GG 22.5 (21.4-23.7) 24.7 (23.5-25.9) 

 
68.3 (64.3-72.0) 74.7 (70.7-78.5) 

  
 

 
 

 
  

 
 

 Combined cohort *, n= 234 
     

 
 

 

 
AA 24.4 (23.4-25.4) 26.6 (25.6-27.6) 

 
72.8 (68.9-76.3) 79.1 (75.2-82.7) 

 
AG, GG 23.1 (21.9-24.1) 25.3 (24.0-26.3) 

 
69.0 (65.2-72.6) 75.3 (71.5-78.9) 

      
        

CI: 95% confidence intervals 
Results were obtained by fitting Generalized Additive Mixed Models for patient with no comedication causing 
weight-gain controlling for age, gender, studied drugs, and standardised doses.  
The results were adjusted for height in the weight analyses.  
* To have similar treatment duration, only patients from cohort 1 treated for up to 24 months were included in 
the combined cohort  
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Cohort 1 

 
Cohort 2 
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Combined cohort 

 

Figure 1. BMI in relation to CRTC1 rs3746266 genotypes in Cohort 1, Cohort 2 and in combined 

cohort, presented at different time periods. Median and interquartile ranges are shown and 

number of BMI observations used for each box plot is indicated. 
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CRTC1: CREB-regulated transcription coactivator 1, CART: the cocaine- and amphetamine-regulated 

transcript, BDNF: brain-derived neurotrophic factor, KISS1: kisspeptin-1, LH: luteinizing hormone 

 

Figure 2. Postulated role of CRTC1 for the regulation of food intake.  
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Les individus présentant une maladie psychiatrique, notamment la schizophrénie et les troubles 

bipolaires, ont été associés à une mortalité plus élevée que dans la population générale, notamment, 

en raison d’une plus grande prévalence de complications métaboliques conduisant à des problèmes 

cardiovasculaires. Les médicaments étudiés dans ce travail de thèse, les antipsychotiques atypiques, 

le lithium, et le valproate font tous partie de l’arsenal thérapeutique destiné à soigner ces maladies, 

mais ils peuvent induire également des complications métaboliques dont une prise de poids.  

 

L’intensité et la fréquence des effets secondaires liés à l’utilisation de ces psychotropes montrent 

une grande variabilité interindividuelle. Ce travail de thèse a pour but de déterminer les facteurs 

cliniques et génétiques prédictifs des effets secondaires et notamment de la prise de poids. 

 Trois études ont permis le recrutement de 196 patients dans l’Etude prise de poids Genève, 42 

patients de différents centres dans l’Etude Risperdal Consta et, à l’heure de la rédaction de ce 

manuscrit, plus de 500 patients dans l’Etude Suivi métabolique Lausanne. 

 

1. Partie clinique 

 

Nous avons démontré une prévalence de complications métaboliques et de risques cardiovasculaires 

supérieurs à la population générale dans l’Etude prise de poids Genève. Le type de médicament 

utilisé, le sexe, un IMC bas et une augmentation d’appétit à l’introduction de la médication, ont été 

associés à une prise de poids sous psychotropes. Ces résultats confirment les résultats trouvés dans 

d’autres études publiées 71-73. 

 

Un grand travail de sensibilisation à tous les niveaux du corps médical (médecins, infirmiers, 

psychologues, réseau de santé) sur les conséquences métaboliques des psychotropes, incluant la 

formation, la logistique et la transmission des informations, a permis d’initier et d’instaurer dans la 

pratique clinique du Département de Psychiatrie du CHUV, les recommandations de suivi 

métabolique décrites dans le manuscrit III. Plus de 1000 patients ont bénéficié de ce programme de 

santé lors de leur hospitalisation ou lors de leur suivi en ambulatoire, et plus de 500 patients ont 

accepté de participer à la partie pharmacogénétique à l’heure de la rédaction de ce manuscrit de 

thèse. L’inclusion des patients est toujours en cours dans l’Etude Suivi métabolique Lausanne.  

 

Nous avons donc contribué à améliorer la sécurité d’utilisation des psychotropes par la détection des 

patients à risque de complications métaboliques, par la détermination de facteurs prédisposant à 
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une prise de poids et par l’instauration d’un suivi métabolique avec un contrôle régulier des 

paramètres métaboliques. Une attention particulière associée à des mesures préventives ciblées 

(conseils hygiéno-diététiques) peuvent donc être favorisées par le corps médical en collaboration 

avec le patient en cas d’un risque élevé de complications métaboliques. Ces résultats offrent la 

possibilité d’une détection rapide de la survenue d’éventuelles complications métaboliques et d’une 

rapide prise en charge somatique adéquate. 

 

Les trois cohortes, particulièrement celle du Suivi métabolique Lausanne en constante augmentation, 

constituent une très importante base de données. Dans le futur, les recherches des facteurs pouvant 

influencer la prise de poids et les complications métaboliques seront poursuivies et étendues sur ce 

grand collectif.   

 

De plus, le développement des méthodes analytiques fiables et robustes ont permis de mettre à 

disposition pour le TDM le dosage de onze psychotropes et cinq métabolites. Conjointement à la très 

importante base de données rendue disponible par le présent travail de thèse, il sera possible 

d’obtenir des informations cinétiques plus précises sur les psychotropes par des études de 

pharmacocinétique de population. Ces études permettront également d’améliorer la prise en charge 

ainsi que l’individualisation du traitement. 

 

2. Partie pharmacogénétique 

 

Les génotypes pour de nombreux SNPs de différents gènes ont été déterminés chez les patients des 

trois études présentées dans ce travail de recherche. L’activité du CYP3A a été obtenue par 

phénotypage pour un certain nombre d’entre eux. 

 

Pharmacogenetic study on risperidone long-acting injection: influence of cytochrome P450 2D6 

and Pregnane X receptor on risperidone exposure and drug-induced side-effects 

 

L’étude Risperdal Consta est constituée de 42 patients et fait l’objet du manuscrit V. Cette étude a 

permis d’améliorer la compréhension de la pharmacogénétique de la risperidone sous forme 

injectable.  

Concernant la pharmacocinétique, nous avons montré que les polymorphismes des gènes CYP2D6 et 

NR1I2 (rs7643645A>G), ce dernier codant pour le récepteur nucléaire PXR, influencent les taux 
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plasmatiques normalisés par la dose de risperidone (RIS), de son métabolite le 9-hydroxy-rispéridone 

(OHRIS) ou de leur somme (RIS+OHRIS) qui est considérée comme la fraction active. Les 

métaboliseurs rapides du CYP2D6 ont des taux significativement inférieurs de RIS comparés aux 

métaboliseurs intermédiaires confirmant les résultats observés sous risperidone orale. A notre 

connaissance, ceci est la première fois qu’il  est démontré que les individus porteurs du génotype 

NR1I2 rs7643645GG, associé à une activité in vitro diminuée, ont un taux significativement inférieur 

de métabolite OHRIS et de RIS+OHRIS. De plus, l’influence du génotype NR1I2 rs7643645GG sur les 

taux d’OHRIS et OHRIS+RIS a pu être confirmée dans une cohorte indépendante composée 

d’individus sous Risperdal Consta provenant des Etudes Prise de poids Genève et Suivi métabolique 

Lausanne (n=20). La mesure de l’activité du CYP3A par un test de phénotypage nous a permis de 

démontrer que le CYP3A n’a pas, ou seulement un faible rôle dans le métabolisme de la risperidone 

sous forme injectable. De plus, aucune association entre les polymorphismes des gènes CYP3A et 

ABCB1 n’a été observée avec les taux de RIS, OHRIS et OHRIS+RIS. 

 

Concernant la pharmacodynamie, nous avons montré une association entre l’intensité des effets 

extrapyramidaux, les taux de prolactine et le polymorphisme rs2472677C>T du gène NR1I2. Les 

individus porteurs du génotype rs2472677CC préalablement montré comme étant associé à une 

activité diminuée dans des études in vitro, présentaient un taux de prolactine plus bas et un nmobre 

d’effets secondaires extrapyramidaux plus élevés que les autres génotypes.  

 

Nos résultats suggèrent également un rôle de l’activité du CYP3A dans la régulation de la lipémie 

avec une corrélation positive entre le cholestérol-HDL et l’activité CYP3A. Ces résultats sont en 

accord avec des observations décrites dans des analyses in vitro 136 et dans des modèles animaux 137. 

Il sera nécessaire de confirmer ces résultats dans d’autres études avec un nombre plus élevé de 

patients. Les résultats sur l’association positive entre un polymorphisme du NR1I2 et les taux de RIS 

et OHRIS, même si déjà confirmé sur une deuxième cohorte, devront également être répliqués avec 

une cohorte plus importante. 

 

Il sera également intéressant d’analyser l’influence des SNPs du NR1I2 sur les taux plasmatiques des 

autres psychotropes substrats des CYP3A ou de la P-gp chez les patients inclus dans les deux autres 

cohortes de ce présent travail de thèse.  
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Influence of CRTC1 polymorphisms on body mass index in patients with psychotropic treatments 

 

Le travail de recherche présenté dans le manuscrit VI se focalise sur l’influence du gène CRTC1 sur 

l’IMC pour les patients traités par des psychotropes. Les souris KO pour le gène CRTC1 ont été 

récemment montrées comme étant hyperphagiques et développant une obésité sur le long terme. 

L’influence du CRTC1 sur l’appétence serait liée à son activation par la leptine. Au total, 152 patients 

de l’Etude Prise de Poids Genève et 174 patients de l’Etude Suivi métabolique Lausanne ont été 

inclus dans cette analyse. Jusqu’à maintenant, aucun SNP du CRTC1 n’a été associé à l’obésité, à une 

prise de poids ou à une activité fonctionnelle. Pour ce travail, trois SNPs du CRTC1 pouvant 

potentiellement influencer son activité ont donc été sélectionnés de façon exploratoire.  

 

Nous avons montré que le SNP rs3746266A>G du gène CRTC1, conduisant à une modification de la 

séquence d’acides aminés, est significativement associé avec la valeur de l’IMC. Ce résultat a été 

montré dans la première cohorte, répliqué dans la deuxième cohorte et confirmé lorsque les 

cohortes ont été combinées. Les porteurs de l’allèle mutant G ont un IMC plus faible que les individus 

AA. Dans la cohorte combinée, cet effet protecteur est particulièrement fort chez les femmes pré-

ménopausées. La différence entre les individus porteurs de l’allèle G et les individus AA atteint 2.9 

kg/m2, ce qui est considéré comme cliniquement important. Notre hypothèse est que la régulation 

de l’énergie et de l’appétence par le CRTC1 intervient par le biais de neuropetides (CART, BDNF) et 

par le biais du système endocrinien. Par contre, les SNPs rs10402536 et rs8104411 du CRTC1 n’ont 

pas été associés à l’IMC et aucune association avec la prise de poids induite par le traitement 

psychotrope en cours lors de leurs inclusions n’a été observée. Les deux cohortes étudiées sont 

composées majoritairement de patients au long cours qui ont déjà reçu un certain nombre de 

traitements. Il est possible que l’influence du CRTC1 sur l’IMC soit le reflet d’une prise de poids dans 

le passé. A notre connaissance, ceci est la première fois que le rôle d’un polymorphisme génétique 

du CRTC1 sur l’IMC de patients traités par psychotropes est démontré. 

 

Une nouvelle étape dans la compréhension de la régulation de l’appétit et de la prise de poids a été 

initiée par ce travail. Les résultats prometteurs du CRTC1 poussent à étendre les recherches sur ce 

gène. Il serait intéressant de pouvoir tester le mécanisme d’action du CRTC1 dans la régulation de 

l’appétence, l’éventuelle activité fonctionnelle du SNP rs3746266 (notamment in vitro grâce à des 

expériences de transfection incluant un gène rapporteur associé à la voie de signalisation de la 
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leptine pour la régulation de la prise alimentaire) ainsi que d’approfondir les recherches entre les 

liens possibles du CRTC1 avec le système endocrinien.  

 

Les conséquences fonctionnelles du SNP rs3746266 sont en cours d’investigation. Grâce aux 

échantillons récoltés durant le présent travail de recherche, des études supplémentaires mesurant la 

concentration du brain-derived neurotrophic factor (BDNF), protéine dont l’expression est sous le 

contrôle du CRTC1, vont être effectuées prochainement dans le plasma de patients porteurs des 

différents génotypes du CRTC1.  

L’influence du CRTC1 est également en cours d’investigation dans une population générale non 

psychiatrique. Le génotype de plus de 6000 individus de Lausanne (l’étude CoLaus 138) a été 

déterminé pour le SNP rs6510997, un SNP associé au rs3746266 (r2=0.7), ce dernier n’étant pas 

disponible dans cette population. Les individus porteurs de l’allèle muté présentent une quantité de 

masse grasse significativement inférieure en comparaison des individus porteurs de l’autre allèle. Cet 

effet protecteur est spécialement marqué chez les femmes préménopausées, ce qui corrobore les 

résultats obtenus chez les populations psychiatriques. L’article intégrant l’ensemble des données 

incluant les deux populations psychiatriques et cette population générale est en cours de 

préparation.  

 

De plus, dans ce travail de thèse, des échantillons particuliers permettant le dosage du mRNA 

(PAXgene Blood RNA Tube, PreAnalytix, Qiagen, Suisse) ont été récoltés avant l’introduction du 

traitement psychotrope et un mois plus tard pour un certain nombre de patients. Il sera intéressant 

d’analyser les changements d’expression du mRNA de certaines protéines cibles. Ces informations 

pourraient permettre l’identification de nouveaux gènes impliqués dans les mécanismes patho-

physiologiques de la prise de poids. L’influence de polymorphismes de gènes identifiés par ce biais 

serait ensuite analysée sur l’ensemble des populations psychiatriques disponibles. 

 

Il sera également intéressant d’analyser, grâce à cette base de données de patients sous 

psychotropes, d’autres facteurs influençant les complications métaboliques. Au niveau clinique, par 

l’analyse des facteurs prédictifs dans l’étude Suivi métabolique Lausanne et au niveau génétique, par 

une recherche exhaustive des gènes impliqués dans les risques cardiovasculaires sur des patients 

sélectionnés dans les trois populations psychiatriques. L’utilisation d’une puce Illumina iSelect Cardio-

Metabo-Chip genotyping array (Illumina Inc., USA) contenant 190’000 marqueurs génétiques 

associés à des risques cardiovasculaires est en préparation. D’autre part, certains gènes associés à 



Chapitre V   144 

l’obésité ont été dernièrement analysés. Ainsi, l’influence des SNPs des gènes du LEPR, LEP, MC4R, 

5HT2C, FTO, UCP2 sur l’IMC et la prise de poids a été étudiée sur deux cohortes caucasiennes 

provenant de l’Etude prise de poids Genève (N=156) et l’Etude Suivi métabolique Lausanne (N=292). 

Un manuscrit sur ce sujet sera prochainement réalisé. 

 

Des grandes difficultés limitent l’intégration des résultats pharmacogénétiques dans la pratique 

clinique, notamment en psychiatrie où l’établissement d’un diagnostic précis est parfois difficile. De 

plus, la survenue d’un effet secondaire métabolique est complexe et multifactorielle. Néanmoins, 

l’utilisation future d’une puce intégrant les principaux gènes de susceptibilité de la prise de poids, 

identifiés grâce à nos populations psychiatriques et d’autres études, permettrait de dépasser ces 

difficultés et faciliterait l’implémentation dans la pratique clinique de la prise en compte du 

patrimoine génétique du patient. Une optimisation d’un traitement individualisé sera alors favorisée. 

 

3. Conclusion générale 

 

Durant son évolution, l’espèce humaine a été confrontée à un milieu où la nourriture était peu 

abondante, conduisant à une sélection naturelle vis-à-vis des individus ayant les gènes permettant de 

conserver l’énergie 101. Cet élément vital est devenu dans le mode de vie occidental un facteur de 

risque induisant une prise de poids dont les conséquences les plus dramatiques sont observées dans 

l’explosion de l’obésité rencontrée ces dernières décennies. 

Dans le cadre d’un problème multifactoriel et complexe conduisant à une prise de poids, les résultats 

obtenus permettent de contribuer à la compréhension des facteurs cliniques et génétiques impliqués 

dans ce phénomène. La variabilité interindividuelle dans la disposition du médicament et dans la 

réponse au traitement ont montré l’importance du bagage génétique dans ces phénotypes.  

Les résultats de cette thèse ainsi que les autres travaux effectués dans ce domaine pourront 

permettre de mieux identifier les patients à risque d’une prise de poids importante lors de la 

prescription de psychotropes. Ceci pourrait aider le médecin et/ou le patient à être sensibilisé à ces 

effets secondaires métaboliques et à intervenir dès le début du traitement. Nous répondons ainsi en 

partie à la question posée au début de ce travail. Ces résultats peuvent contribuer au développement 

futur d’une médecine personnalisée en psychiatrie.  
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 Structures chimiques des antipsychotiques atypiques et 

stabiliseurs de l’humeur étudiés  

 

I. Antipsychotiques atypiques  

Amisulpride  Aripiprazole 

 

 

 

 

 

 

 

 

 

 

Clozapine      Olanzapine 
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Quétiapine       Rispéridone 

 

 

 

 

Sertindole 
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II. Stabiliseurs de l’humeur  

 

Acide valproique Lithium 
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