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Resum Angles)

Introduction

Menopause is a process characterized by a dedliastiogen levels and is therefore a
period of biological vulnerability in schizophreni@men. With the present thesis we
aimed to investigate clinical, reproductive and rhonal variables capable of
influencing antipsychotic response in schizophreatathe time of menopause. It
comprises two articles: the first (Study 1) invgates whether antipsychotic response
differs according to the influence of cumulativeregen exposure and time since
menopause, which psychopathological dimensionrespest and what variables best
influence them. The second one (Study 2) aims teelade not only gonadal hormone
levels but also FSH, LH and FSH/LH ratio with atiai improvement in specific

clinical symptoms in postmenopausal schizophremimen.

Methods

Study 1 assessed 64 postmenopausal schizophremeanydollowed-up in a 12-week
prospective study. Lifetime cumulative estrogenasype and time since menopause
were tested as potential predictors of antipsych@sponse. Regression analyses were
performed to investigate the association betweetenpal confounding factors and
antipsychotic response. In study 2, 37 acutelgabtmenopausal schizophrenia women
with a newly initiated, clinically determined changn antipsychotic medication,
participated in a 12-week prospective observatishady. Circulating gonadal hormone
serum levels, FSH and LH levels were obtained aelbze. Partial correlational
analyses were performed between clinical and hoammariables, along with a

Bonferroni significance correction.

Results

Study 1 showed 42 participants (66%) as being sytipotic responders. Time since

menopause was significantly and negatively assatiatith overall antipsychotic
13



response, explaining almost 42% of the variancehef model used. Thus, study 1
suggested that antipsychotic response worsens pagitmenopausal duration. After
correction for multiple testing, the hormone assagdid in study 2 did not prove to be
significantly linked to clinical improvement in angf the schizophrenia symptom

domains.

Conclusions

The time elapsed since menopause was found todaively associated with response
to antipsychotics in schizophrenia after menopaGesmadal hormone levels, FSH, LH,
and the FSH/LH ratio, an index of poor ovarian orse, were not found to be
associated with clinical improvement in schizoplhaerat the menopause. The
hypothalamic-pituitary-adrenal system may play le &t this age. For this reason, the
link between gonadal and adrenal hormones and syctiptic response bears further

investigation.
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Resum (Catala)

Introduccié

La menopausa és un procés caracteritzat per uiu @ecels nivells d’estrogens, i és per
tant un periode de vulnerabilitat biologica en doamb esquizofrénia. Amb la present
tesi es pretén investigar variables cliniques, adyctives i hormonals capaces de
influenciar la resposta antipsicotica en I'esquigofa a la menopausa. Aquesta tesi esta
formada per dos articles: el primer (Estudi 1) stiga si la resposta antipsicotica
difereix d’acord a la influéncia de I'exposicié aculada d’estrogens i el temps succeit
des de la menopausa, quines dimensions psicop@poésgresponen millor i quines
variables influencien més aquestes dimensions. egbrs article (Estudi 2) pretén
correlacionar no només els nivells d’hormones galsadino els nivells de FSH, LH i

la ratio FSH/LH amb la millora en simptomes cliniespecifics en dones

postmenopausiques amb esquizofrénia.

Metodes

L'estudi 1 avalua 64 dones postmenopausiques amghize$rénia que realitzen
seguiment a 12 setmanes en un estudi prospecéMpsicié acumulada als estrogens
al llarg de la vida i el temps transcorregut desad@enopausa van ser analitzats com a
potencials predictors de la resposta antipsicofisavan realitzar analisis de regressio
per investigar I'associacio entre potencials factmnfusors i la resposta antipsicotica.
A l'estudi 2, van participar 37 dones postmenopfues amb esquizofrénia en fase
aguda, tractades amb un nou antipsicotic deternpieatnecessitats cliniques, en un
estudi prospectiu observacional a 12 setmanesa®htenir nivells serics d’hormones
gonadals, FSH i LH, a nivell basal. Es van realitaaalisis de correlacio parcial entre
les variables cliniques i hormonals, realitzant coaeccio de Bonferroni per a ajustar

els resultats.
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Resultats

L’estudi 1 va mostrar que 42 participants (66%) sanresponedores a antipsicotics. El
temps transcorregut des de la menopausa es vaaassstadisticament i negativament
amb la resposta antipsicotica global, explicantedps el 42% de la variancia del model.
Per tant, I'estudi 1 suggereix que la respostgsicttica empitjora amb la durada de la
menopausa. A l'ajustar els resultats per les makigomparacions realitzades, els
assajos hormonals que vam realitzar a l'estudi 2vap provar una associacio

significativa amb la millora clinica en cap delsrdois simptomatics de I'esquizofrénia.

Conclusions

Un periode de temps perllongat des de la menopuga associar negativament amb la
resposta antipsicotica en esquizofrénia després menopausa. Els nivells d’hormones
gonadals, FSH, LH i la ratio FSH/LH, un index déaoresposta ovarica, no es van
associar amb la millora clinica a la menopausa @mesl amb esquizofrenia. L’eix

hipotalamic-pituitari-adrenal prén un paper en atpse edats. Per aquest motiu, la
relacié entre les hormones gonadals i adrenalsrédposta antipsicotica requereix de

més investigacions.
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1- INTRODUCCIO

Diferéncies de genere en esquizofrenia

En les darreres décades, I'estudi de les diferemBegenere en esquizofrenia ha
estat un dels temes d’interés en la recerca eruipfi@. Tot i que moltes de les
troballes han estat considerades contradictorigsciconcluents, diversos autors han
tractat d’explicar el fet que les dones amb esdién@a presenten una edat d’inici més
tardana i un curs clinic més favorable en comparacib els homes (1). D’altra banda,
estudis epidemiologics han trobat un segon picctléncia de I'esquizofrénia a la
menopausa, i les dones joves amb esquizofréniameegen una millor resposta clinica
en comparacio amb les dones postmenopausiques fydgstes diferencies en I'edat
d’inici del trastorn podrien ser atribuides al pagp®tector dels estrogens, i pel que fa al
curs clinic, una explicacié plausible seria quedeses d’edat més avancada presenten a
meés variacions en d’altres factors protectors gsicials. En d’altres paraules, les dones
inicien I'esquizofrénia més tard en la trajectoerolutiva del trastorn respecte als

homes, un fet que podria explicar el seu millompstic (5,6).

Malgrat els autors classics reporten un funciondrdeficient de les glandules
sexuals en I'esquizofrenia, 'anomenat hipoestragea, Riecher-Rdssler i Hafner van
ser els primers en investigar sistematicament telnotal paper protector dels estrogens,

i en suggerir que els mecanismes fisiopatogénicsl’esguizofrénia han de ser
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reformulats focalitzant la recerca en el rol esipedels estrogens (7). Aixo significa
que la disfuncié gonadal i la deficiéncia estroganen les dones amb esquizofrénia
podrien tenir implicacions cliniques importantsiatom implicacions terapéutiques

(8,9).

En relaci6 a les diferéncies de génere en la paiotqmia de les psicosis
emergents, sOn escassos els estudis que han tdacfatcalitzar-se en aguest tema
mitjiangcant I's d’'una metodologia sistematica. ieathrment, el Projecte
d’Esquizofrenia ABC Age, Beginning and Coursedut a terme per Hafner i
col.laboradors, tenia com objectiu estudiar lauiéficia de I'edat i el sexe en I'inici dels
primers episodis d’esquizofrenia, els simptomesm@rencs, i el curs inicial després del
seu primer ingrés hospitalari, mitjiangant una naoséapresentativa de pacients amb
esquizofrenia que van presentar un primer ingrésl{). Els autors van trobar que el
90% dels pacients amb esquizofrénia presentavaimes negatius en el moment del
primer episodi, el 20% presentava també simptonssofcs positius i el 10%
mostrava només simptomes positius. En linia ambestsdis anteriors, Gonzalez-
Rodriguez i col.laboradors van investigar si lederdncies en simptomes
psicopatologics diferien entre dones i homes epdeasis emergents (primers episodis
psicotics; estats mentals d’alt risc) (12). Elsoesitvan trobar que, mentre que les dones
presentaven puntuacions més elevades en simptasisipi els homes en simptomes
negatius, aquestes diferencies en la presentaddalirdels simptomes psicotics
tendeixen a desapareixer a I'ajustar els resyt@tsactors potencialment confusors i al
corregir per I'efecte de les multiples comparaciohguests resultats eren congruents
amb Hafner i col.laboradors que no van trobar difeies entre dones i homes en la

simptomatologia psicotica a l'inici del trastorrlj1

18



Les diferéncies de génere en l'esquizofrénia eocuet evolutiu a curt termini
han estat investigades en la darrera decada. Fomaaih d’'un estudi multicentric,
anomenat projecte NEDES, Usall i col.laboradors) (¢&n trobar que els homes
mostraven unes taxes d’hospitalitzaci6 més elevades estada mitjana hospitalaria
més elevada respecte les dones, suggerint un millar clinic a curt termini en les

dones en comparacio amb els homes.

D’altra banda, d'acord amb la hipotesi de protec@étrogénica en
I'esquizofrénia, el decliu en els nivells d’estragea la menopausa determinaria una
pérdua dels beneficis de la neuroproteccid cordepels estrogens en aquestes dones
(14). A més, els canvis hormonals que succeeixeal geriode de la perimenopausa
emfatitzarien la necessitat de definir un subgrapddnes vulnerables bioldogicament
que es podrien beneficiar de terapies hormonalstitutives. Aquestes terapies
requereixen més investigacio centrada en el ssaesripotencials i contraindicacions
(3), ja que diversos estudis i revisions han motdraeva eficacia en el tractament dels

simptomes psicotics en I'esquizofrénia (15-18).

Estrogens i simptomes en I'esquizofrenia

Estudis epidemiologics, clinics i pre-clinics hamat suport a la relacio entre
els estrogens i els simptomes psicotics en 'esipgimia (19-21). Particularment, una
revisio recent confirma els efectes protectors dstedgens en I'esquizofrénia, i exposa
tota I'evidencia cientifica en aquest tema per a mnillor comprensié dels mecanismes

fisiopatogenics hormonals en I'esquizofrenia (21).
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Breument, I'evidéncia pre-clinica suggereix unei@grotectora dels estrogens
en el sistema nervids central, i recentment, stieportat els potencials mecanismes que
podrien explicar com els estrogens influencien d&utsmental dels pacients amb
esquizofrenia (21). Diversos estudis centrats ¢alina femelles ovariectomitzades
reporten un increment significatiu de la intensitells receptors dopaminérgics D2 en el
nucli estriat en aquells ratolins que reben traetas relacionats amb els estrogens, i
troben que els estrogens regularien els receptstosinergics 5-HT1A i 5-HT2A
(20). A més, aquests models animals suggereixerelguestrogens interactuarien amb
els sistemes dopaminergic, serotoninérgic i gluténgic; resultats que han de ser

confirmats amb detall en estudis amb mostres m@$iesn

Riecher-Roéssler i col.laboradors van testar lateigi de que els simptomes
clinics en l'esquizofrenia varien amb els nivelBricss d’estradiol durant el cicle
menstrual en dones esquizofreniques en fase ageddrastorn (22). Els nivells
hormonals i les puntuacions mitjanes en les esqgaiesmetriques van ser analitzades
cada 7 dies durant el cicle menstrual. Els autarstwobar que els nivells d’estradiol
eren més baixos en les dones amb esquizofrénieeates@ controls sans, i la
psicopatologia millorava quan els nivells d’estchdéren més elevats, suggerint un
efecte neuroprotector dels estrogens. En linia aguiest I'estudi, Seeman (4) va dur a
terme una revisid de la literatura per clarificarlss dones amb esquizofrénia
presentaven una exacerbacié de simptomes en eddpepremenstrual, i quins
tractaments es recomanen en aquests casos. L'awtod@stacar que les estrategies
terapeutiques han de ser ajustades cas per ca® na s’han descrit intervencions

especifiques en la literatura cientifica actual.
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Recentment, Gleeson et al. (23) van investigacdesacteristigues menstruals en
dones amb esquizofrenia cronica per a determinamegucaracteristiques podrien
associar-se amb les irregularitats menstrualsglsssimptomes psicotics, menstruals i
simptomes depressius difereixen entre les dones pgesentaven menstruacions
irregulars i aquelles que presentaven menstruaciegsars. En una mostra formada
per 139 dones, els autors van trobar 57 pacienbsmaenstruacions irregulars, fet que
es va associar amb nivells baixos d’estradiol. 8lgam trobar associacions entre nivells
baixos d'estradiol i simptomes psicotics mesuratgjantant I'escala PANSS.
Finalment, els autors van suggerir la necessitaduea terme en el futur una recerca

centrada en I'efecte del cicle menstrual en elpgimes psicotics en I'esquizofrénia.

Diferéncies de génere en la prescripcié d’antipsitios

Els factors biologics i ambientals han estat aersits com a contribuidors de
les diferencies de genere en la resposta antipgsicén pacients amb esquizofrénia (24).
En relacié a les diferencies en la prescripcio tpaicotics entre dones i homes, en
termes de dosi, pocs estudis han tractat d’'inveesteg variacions en la dosi prescrita, i

les potencials explicacions per les diferéncieblesnd’antipsicotics segons el génere.

Seeman va publicar un estudi a tres anys de segtisobre els requeriments
del manteniment amb antipsicotics en pacients csor@mbulatoris diagnosticats
d’esquizofrénia (2). L'autora no va trobar diferigxsc estadisticament significatives
entre dones i homes pel que fa a les dosis reqsedtntipsicotics. Malgrat aquests

resultats, al tenir en compte la interaccié entat & génere, Seeman va reportar una
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troballa interessant. Les dones joves amb esqeiziafivan requerir dosis més baixes en
comparacié amb els homes; mentre que les donesedede40 anys requerien dosis
més elevades d’antipsicotics respecte els homeggesnt que la proteccié hormonal
conferida durant el periode reproductiu es peramaesura que les dones envelleixen.
Estudis posteriors han confirmat aquestes difeesnen la prescripcié d’antipsicotics
entre dones i homes (25). No obstant aixd, Kosteolilaboradors no van trobar
diferencies de genere estadisticament significatare una mostra danesa formada per
pacients amb un primer episodi psicotic (26). Malgix0, els autors recomanen una
abordatge especific centrat en el genere quanaesta pacients amb antipsicotics,
donat que les dones presenten taxes més elevadestdhsio, hiperprolactinemia i

d’altres efectes indesitjables de la medicacio.

En linia amb aquesta aproximacié basada en elrgéBeeman va revisar la
literatura cientifica centrada en la farmacociretiéarmacodinamia dels antipsicotics,
en un intent d’explicar les diferencies de generdaeprescripcié d’aguests farmacs
(27). L’'autora va emfatitzar que molts factors uefhicien la prescripcio, i per tant
resposta antipsicotica en I'esquizofrénia, com raguvariables genetiques, el pes, la
dieta, les malalties somatiques comorbides, elgibme i I'alcohol. Tots aquests
factors tindrien un impacte diferent en dones ihemes, i per tant, caldria esperar
diferencies en la resposta a antipsicotics entrédasy grups. A més, les dones
mostrarien nivells plasmatics d’antipsicotics mievas en comparacio amb els homes,
fet que podria estar influenciat també per lestlacions hormonals que succeeixen al

llarg de la vida reproductiva de les pacients asguizofrénia (4).
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Diferéncies de genere en la resposta antipsicotica

Durant décades, s’ha reportat I'existéncia derélifeies de genere en la resposta
antipsicotica en I'esquizofrenia. Malgrat els réstsl han estat controvertits, diversos

autors han suggerit que I'eficacia dels antipsosopiodria ser sensible al genere (28).

Szymanski i col.laboradors van investigar les rdifieies de géenere en I'edat
d’inici del trastorn, en la presentacié clinicecial, i en la resposta antipsicotica i curs
clinic en 54 pacients amb esquizofrénia que noemawebut antipsicotics previament
(29). Els autors van trobar que les dones en epeeer ingrés per psicosi mostraven
una menor puntuacio en simptomes psicotics quieostes a I'avaluacié de la setmana
20, i presentaven taxes de remissio simptomaticaate¥ades respecte als homes. No
obstant aixo, quan varen tractar de dil.lucidalesidones i els homes diferien en la
reduccio dels patrons simptomatics, els autorsamotrobar diferencies de genere en la
millora de simptomes positius 0 negatius. Aquestasalles contrasten amb Usall i
col.laboradors que van trobar que les dones respomillor que els homes en
simptomes positius, negatius, depressius i coghiten una mostra amplia i
representativa formada per pacients ambulatoris esghizofrenia que es van incloure
a l'estudi SOHO (30). D’altra banda, aquest dagstudi va trobar que les dones

responien millor que els homes a antipsicoticesipi de primera generacio.

Szymanski i col.laboradors també van examinadiséncies de génere en la
resposta terapéutica en pacients amb esquizofrésistents a clozapina, i van trobar
que aquesta poblacié especifica de pacients n@medprs diferia del patré general

mostrat en pacients amb esquizofrenia resistent Bfeument, les dones no van
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mostrar una resposta antipsicotica superior respelst homes, resultat que contrasta
amb estudis previs que reporten taxes més elewmlessposta antipsicotica en dones
(30). Els autors donen suport a la idea que estin subgrup de dones amb
esquizofrenia amb una major severitat de la malaitique algunes dones reben el
tractament amb clozapina més tard en comparacié elmfinomes, i per tant estan
exposades de forma perllongada a un periode deanrdmeesposta clinica. D'acord
amb aquests resultats, Perry i Ciapparelli (32t88)poc van trobar diferencies en la
resposta a clozapina segons genere. En contrastlarebtudis préviament mencionats,
altres autors han reportat una influéncia del gemer la resposta al tractament amb
clozapina. Usall i col.laboradors van trobar undamresposta a la clozapina en dones
respecte els homes, mesurant 'eficacia mitjanehrtanvi en I'escala CGI; perdo no
varen trobar diferencies de génere en la qualéatida reportada segons l'escala EQ-
VAS (30). D’altra banda, alguns autors han trobedslociacio inversa. Per exemple,
Lieberman i el seu equip (34) van analitzar lae@setpclinica a clozapina en 84 pacients
amb esquizofrénia, i ser dona va ser reportat cofacer predictor d’'una escassa
resposta al tractament antipsicotic. En resume@sereixen nous estudis que avaluin la

influéncia del genere en la resposta a clozapina.

Pel que fa a la resta d’antipsicotics, Labelleol.laboradors no van trobar
diferencies de génere estadisticament significetiee la resposta antipsicotica en
pacients amb esquizofrénia tractats amb risperidenaun estudi clinic obert a 8
setmanes de seguiment (35). Les dones i els hoaresegpondre al tractament amb
risperidona amb el mateix patro, suggerint els rautma manca de diferencia en la
millora en els diferents dominis clinics entre addbdrups. Els autors van puntualitzar

que I'abséncia de diferencies de genere en la sesparisperidona podria ser explicada
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per les diferents dosis d’antipsicotics que rebdenes i homes, un fet que ha estat
préeviament discutit en apartats anteriors (25).cbrd amb Labelle et al. (35), altres
autors no han trobat diferencies de genere ersfpsta a risperidona mitjancant I'is de

I'escala CGI per avaluar I'eficacia del tractam(3t).

Recentment, Goldstein i col.laboradors (36) hanabtzat les troballes d'un
assaig clinic internacional que comparava la rdap@s olanzapina respecte a
haloperidol. Els autors van testar la hipotesi guistirien diferéncies de géenere en la
resposta a ambdds antipsicotics, i que aquestesddies han de ser controlades per
alguns factors importants com la cronicitat de kalattia i la menopausa. Les dones
amb un primer episodi d’esquizofrénia que rebidogeidol van presentar puntuacions
més elevades en simptomes psicotics a les 6 setrdarseguiment respecte als homes,
mentre que les dones que presentaven historia Wrsds ingressos hospitalaris
mostraven una millor resposta a haloperidol quéhetses. En relacié a la resposta a
olanzapina, les dones van presentar una millorosapclinica en comparacié amb els
homes. En d’altres paraules, la mitjana de lesrélifges trobada en la resposta a
haloperidol en dones en els diferents estadis dealaltia podria ser explicada per la
cronicitat i la menopausa, i les diferencies deegéen la resposta a olanzapina estarien
presents independentment de la cronicitat. Malgrai, aquestes troballes no van ser
replicades per Usall i col.laboradors en I'estu8IOHO focalitzat en la resposta a
antipsicotics tipics i atipics (30). Més detallbol'impacte de la menopausa en la

resposta a antipsicotics seran discutits amb pdifatren apartats posteriors.
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Resposta antipsicotica en I'esquizofrénia a la mepausa

La davallada en els estrogens a la menopausa ciassain increment en la
vulnerabilitat a presentar exacerbacions psicosiques pitjors resultats clinics i un
major requeriment de dosis d’antipsicotics (4, ¥6)nés, les dones amb esquizofrénia
en aquest periode de la vida presenten amb freigliéames més elevades d’efectes
secundaris i mostren necessitats especifiquesaedates amb la seva edat i el moment
reproductiu. Per totes aquestes raons, diversasrsamécomanen la necessitat de
realitzar un abordatge especific i integrador ereatgs dones, donat que les necessitats
de cures i d’atencié médica difereixen entre daiems i després de la menopausa (9,
37). Particularment, Grigoriadis i Seeman van irge¢pta I'evidencia relacionada amb
els efectes estrogenics sobre els simptomes sjpesea antipsicotica en I'esquizofrénia
per ampliar les recomanacions de les noves guiasjwbs d’esquizofrénia centrades en
les dones (38). Els autors van destacar la neaesBavaluar els simptomes i el
diagnostic en relacio a l'estat hormonal propi de nhenopausa, i considerar la
menopausa com un periode de temps en que la dasgifid’eleccié de I'antipsicotic ha

de realitzar-se amb especial cura.

No obstant aix0, pocs estudis i revisions sistequas han tractat d’estudiar amb
profunditat la resposta antipsicotica en l'esquiznifa a la menopausa, i investigar
quines dimensions simptomatiques milloren més enestqperiode de la vida

reproductiva.

Set-centes dones i 1295 homes van participar eassaig clinic internacional

gue comparava l'eficacia d’olanzapina i haloperidesultats que varen ser reanalitzats
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per Goldstein i col.laboradors tenint en comptdueada de la malaltia i la menopausa
(36). Com hem mencionat anteriorment, els autorstgatar la hipotesi que les dones
presentarien una millor resposta a olanzapina opgeaidol respecte als homes,
particularment aquelles dones que presentavenimnepingrés hospitalari. Al dividir la
mostra de dones en dos grups d’acord amb la priesembséncia de la menopausa, les
dones premenopausiques van presentar una millggoses a antipsicotics en
comparaci6 amb les dones postmenopausiques, imdlepement del tractament
antipsicotic rebut i la cronicitat de la malalgaiggerint que les diferéncies de génere en
la resposta antipsicotica podrien estar influeresager factors farmacocinétics

especifics de la menopausa.

En linia amb aquestes troballes, Seeman va desgaeata variabilitat en la
resposta terapéutica €és més gran a la menopaugs gn aquest periode de temps s’hi
produeixen molts canvis en I'absorcio i metaboligiaks antipsicotics (4). Per exemple,
factors com la politerapia, I'alcohol, el consumadéeina i el tabaquisme difereixen en
les dones amb esquizofrénia segons el moment devia vida reproductiva. A més,
'edat d'inici de la menopausa en dones esta inflisgla per factors endogens i
exogens, especialment pel tabaquisme i I'index @essan corporal (IMC) (39-42),
suggerint que ambdues variables han de ser caméolguan s’analitza el potencial
efecte de la menopausa en els resultats clinicangor consum de tabac s’associa a

una edat de la menopausa més primerenca (41).

Un altre factor important que potencialment influen la resposta antipsicotica,
i en linia amb la hipotesi de I'hipoestrogenisme) éxposicid als estrogens al llarg de
la vida (4, 20, 43). Breument, cal dir que I'expdgiacumulada dels estrogens al llarg

de la vida esta determinada aproximadament peurkedd del periode compres entre la
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menarquia i la menopausa. Com més llarg és aqeekide, major és la proteccio
conferida pels estrogens, i per tant, s’esperararesposta antipsicotica superior. No
obstant aix0, d’acord amb el coneixement cientiéintrat en aquest tema, pocs estudis
en esquizofrénia s’han focalitzat en aquesta viaiab I'han controlat a I'hora

d’investigar la resposta antipsicotica en aqugsté$acions.

Hormones sexuals i resposta antipsicotica en dongsostmenopausiques amb

esquizofrenia

Diversos autors han reportat una associacié etgmivells reduits d’hormones
sexuals i exacerbacions en simptomes psicotics@uiznfrénia i trastorns relacionats
(4, 14). En particular, la hipotesi de I'hipoeseagme ha estat proposada com un
intent d’explicar el fet que moltes dones amb esmfténia mostren un empitjorament
dels simptomes a la menopausa, aixi com en d’aitescions cliniques que suposen

una davallada en els nivells d’estrogens (2, 3).

Els nivells reduits d’estrogens sén especialmeideats a la menopausa, un
estat d’hipogonadisme hipergonadotrofic i amenores@mpanyat per un decliu
progressiu en la funcié ovarica, una perdua derdaéepcid estrogenica, i canvis en
I’'hormona fol-liculostimulant (FSH; hormona estirant del fol-licle o folitropina) i

I’'hnormona luteinitzant (LH, també coneguda com arfuma luteostimulant) (2).

D’altra banda, els nivells elevats de FSH han estgbliament considerats un
marcador de pérdua de funcio ovarica i s’han aasaonb una pobra reserva ovarica a

qualsevol edat en qué aquest fet succeeix (44).€8, miversos estudis en medicina
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reproductiva han emfatitzat el valor de la ratidcHA3H com a biomarcador. La ratio
FSH/LH prediu la resposta a estimulacié ovaricatrodeda (45, 46), aixi com els
resultats de la fecundacii vitro (47, 48), inclis quan els nivells de FSH es troben

els limits de la normalitat (49).

No obstant aixo, fins a data d’avui, no es dispdsstudis que investiguin
I'associacié entre nivells de FSH, LH, la ratio FBH i nivells d’hormones gonadals i
la millora clinica o resposta antipsicotica, paftitment en dones postmenopausiques

amb esquizofrenia.
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2-OBJECTIUS | HIPOTESIS

Objectius

Estudi 1

Objectiu principal

v' Determinar si la resposta antipsicotica en donssnpenopausiques amb
esquizofrenia difereix d'acord a la influencia dexposicid acumulada

d’estrogens al llarg de la vida i altres factoigick i reproductius.

Objectius secundaris

v Investigar quines dimensions psicopatologiquesamsp millor en dones

postmenopausiques amb esquizofrénia.

v Investigar quines variables cliniques i reprodwestivinfluencien millor
les diferents dimensions psicopatologiques en dpossnenopausiques amb

esquizofrenia.

Estudi 2

Objectiu principal

v Investigar la relacié6 entre FSH, LH, la ratio FSH/L els nivells
d’hormones gonadals, i la millora clinica associada resposta antipsicotica

en dones postmenopausiques amb esquizofrenia.
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Objectius secundaris

v Correlacionar els nivells hormonals amb la millgtaica associada al
tractament antipsicotic, de forma separada, egietsdominis simptomatics
de I'esquizofrenia (positiu, negatiu, excitaciopdEssiu i cognitiu) en dones

postmenopausiques amb esquizofrénia.

v' Determinar I'associacié entre els nivells hormonialel canvi en el
funcionament social i personal en dones postmersigaes amb

esquizofrenia.

Hipotesis

Estudi 1

v" Una major exposicid6 acumulada als estrogens aj kikr la vida en la dona
postmenopausica amb esquizofrenia s’associara a miir resposta
antipsicotica. L'exposicio acumulada als estrogahsllarg de la vida és
determinada aproximadament per la duracié del gericompres entre la
menarquia i la menopausa; essent més perllongastgeriode, meés elevada
sera la proteccié conferida pels estrogens, i @et, tes preveu una resposta

antipsicotica superior.
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Estudi 2

v' Els nivells d’hormones gonadals i una ratio FSHAlelvada s’associaran amb la
millora clinica en dones postmenopausiques amb izxgenia, en alguns
simptomes psicopatologics més que en d’altresicBEmtment, nivells elevats
de FSH, marcador biologic que indica una menorrvastl-licular en dones,
s’associaran a una escassa millora clinica en doostsnenopausiques, donat
que en aquest periode es perd I'efecte protececqnferien els estrogens. Una
ratio FSH/LH elevada, variable indirecte de funoi@rica, s’associara per tant a

una pitjor resposta antipsicotica.
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3-PARTICIPANTS | METODE

Participants i disseny dels estudis (Estudi 1 i 2)

Les pacients van ser reclutades a la Unitat d’Esdudnia de I'Hospital Clinic
de Barcelona, una unitat especialitzada que colbesgisténcia clinica, la recerca i la
formacié en el camp de 'esquizofrénia i trastamgcionats en una area especifica de

Barcelona anomenada Unitat Territorial Barcelonguese.

Els estudis que comprenen aquesta tesi doctonadeforpart d’un projecte de
recerca actiu centrat en I'estudi de la respostipsacotica en esquizofrenia i trastorns
relacionats, concretament en un modul de factorgohermonals i genétics que

influencien la resposta terapéutica en I'esquizo#re

Es tracta d'un estudi observacional prospectiu aeguiment a 12 setmanes en
pacients dones postmenopausiques diagnosticadapuefrenia i trastorns relacionats
en el que es va estudiar I'efectivitat dels traeatrs antipsicotics administrats dins de
les dosis de fitxa técnica i segons la practicaiadi habitual. Es van incloure pacients
postmenopausiques que presentaven simptomes gsjogtie seguien control clinic i
qgue van iniciar tractament de forma naturalistiocab adosis flexibles de farmacs

antipsicotics.

Breument, aix0 significa que el tractament assigné&s pacients es va basar
purament en criteris clinics tals com l'efectivimgvia a tractaments antipsicotics i la
tolerabilitat, ja que aquestes pacients no es waloure en cap intervencio de tipus

experimental. En el moment de la inclusio a I'egttates les pacients van rebre el nou
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tractament antipsicotic després d’un periode pieeross-taperingle 2-3 setmanes, en
el que el tractament poc efectiu va ser reduitdites seva retirada i de forma simultania

es va iniciar progressivament el nou tractametipsiootic.

Criteris d’inclusié i exclusié (Estudi 1 i 2)

Els criteris d’inclusié a I'estudi van ser:

» Pacients diagnosticades d’esquizofrenia que commligeris DSM-IV-TR

validats mitjancant I'Gs de I'entrevista estructlaé&sCID-I

* Pacients majors de 18 anys i postmenopausiquesrd'amnb els criteris de

la Societat Internacional de la Menopausa (IMS).

* Puntuacio en I'escala PANSS total de com a minimugas.

* Les pacients incloses realitzaven seguiment ciniel moment de l'inici de

I'estudi i van requerir un canvi d’antipsicotic pampitjorament clinic.

» Totes les pacientes van rebre informacio sobretaralesa observacional de

la recerca i van signar el consentiment informatedgudi.

Els criteris d’exclusi6 de I'estudi varen ser

* Pacients premenopausiques d'acord amb els critddgs la Societat

Internacional de la Menopausa (IMS).
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» Diagnostic previ de retard mental, psicosi orgamiceomorbiditat amb un
altre trastorn mental sever i /o sequeles greus imgificiencia renal,
insuficiéncia hepatica, malaltia cardiovascular, laftia pulmonar,

endocrinopatia, neoplasia, malaltia infecciosa.

» Altres criteris d’exclusio: deteriorament cognigjreu.

Variables recollides i instruments d’avaluacio clifica (Estudi 1 i 2)

A nivell basal es va recollir informacié relativavariables sociodemografiques i

cliniques.

Variables sociodemografiques: edat, sexe, nivdlicatiu, estat civil, activitat

laboral, etc.

Variables cliniques: es va incloure informacié tigla a I'edat d'inici del
trastorn, duracié de la psicosi no tractada (DUR)nbre i duracié dels episodis
psicotics anteriors, nombre d’ingressos hospitglatiactaments previs i preséncia
d’efectes secundaris, habits toxics, consum detingcoi cafeina en particular,

antecedents familiars de trastorns psiquiatricesgncia de sindrome metabolica.

Les mesures antropometriques van ser obtingudegsfeemeres especialitzades
en l'area de salut mental. Aquestes mesures vdaumec pes, talla i circumferencia
abdominal. L’'index de Massa Corporal (IMC) va saicalat mitjancant I'equacio: pes

(kg)/ talla (m¥.
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A nivell basal i a les 12 setmanes de seguimantaa administrar els seguents
instruments d’avaluacié clinica: Escala de les ®im&s Positiva i Negativa (50,51)
(PANSS; Positive and Negative Syndrome Sgader simptomes psicotics, I'escala de
Funcionament Social i Personal (52,53) (PB&sonal and Social Performance Sgale
per avaluar funcionalitat i I'escala d’lmpressidirta Global (54,55) (CGIClinical

Global Impression Sca)le

La resposta antipsicotica, en I'estudi 1, es vande€om una reduccio en la
puntuacio total de I'escala PANSS superior o igalaB0% respecte al valor basal,

d’acord als criteris de resposta antipsicotica ldes€hhacker i col.laboradors (56).

Les dosis equivalents d’antipsicotics es van exgaresn mg d’olanzapina per als
antipsicotics que rebien les pacients en el momert seva inclusio a I'estudi, d’acord

amb els criteris més recents publicats per Leucbkliaboradors (57).

L’escala PANSS és un dels instruments més utititze¢coneguts per avaluar la
simptomatologia psicotica en pacients amb esquinéri trastorns relacionats. Es una
escala heteroadministrada formada per 30 items’ggeupen en tres factors: sindrome
positiva (7 items), sindrome negativa (7 itemsjicqpatologia general (16 items). A
més, constitueix un instrument Util per 'avaluad@& canvi dels simptomes psicotics en
estudis centrats en la resposta terapéutica. Hitydar, vam aplicar el model de van
der Gaag dels 5 factors de la PANSS, amb I'objed®studiar les cinc dimensions
psicopatologiques de I'esquizofrenia (58). Aquesidel consta dels segients factors:

positiu, negatiu, excitacid, depressio/ansietagnitiu (58, 59).

L'escala PSP és un instrument valid i fiable d’aaaid del funcionament social

i personal en pacients amb esquizofrenia. Esta ddamper quatre dimensions o
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dominis: l'autocura del pacient, activitats soci@kbituals incloent treball i estudi,
relacions personals i socials, i comportamentodetiors i agressius. En un segon pas
es sumen les puntuacions dels 4 dominis per aiohtea puntuacio total que oscil.la
entre zero i cent. Una major puntuacio en I'es&®# indica un millor funcionament

global.

L’escala CGI per esquizofrénia s'utilitza per awlla gravetat del pacient i el
grau de canvi en el curs de la malaltia relaci@amab el tractament. Es un instrument
psicometric heteroadministrat, Util i fiable fornper dues parts: |. Escala de gravetat de
la malaltia i Il. Escala de grau de canvi. Ambdpads estan formades per 5 subescales:
positiva, negativa, depressiva, cognitiva i glologle inclouen un sistema de respostes
codificat mitjancant una escala de tipus Likert7dgunts, essent 1-normal i 7-greu per
I'Escala de Gravetat (l), i 1-moltissim millor indeltissim pitjor per I'Escala de grau de
canvi (Il). La primera part de I'escala va ser atistrada en el moment d’inclusié a

I'estudi (avaluaci6 basal) i la segona part allfael’estudi (avaluacié setmana 12).

Monitoritzacio de nivells plasmatics d’antipsicotics

El compliment adequat del tractament antipsicoficser registrat mitjancant la
monitoritzacio de nivells plasmatics d’antipsicétia les 4 setmanes de seguiment a
I'estudi. Una infermera especialitzada en saluttalera extraure 5 mL de sang venosa

a tots els pacients, entre les 8.00h-10.00h, atbeutes presa de tractament del mati.

Les mostres van ser remeses inmediatament al tabocke Farmacologia i

Toxicologia del Servei de Bioquimica i Genetica Madular de I'Hospital Clinic de
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Barcelona, on es van realitzar les determinacioitmant Cromatografia Liquida

d’Alta Resoluciéo (HPLC/DAD).

Es van analitzar els nivells plasmatics dels seglantipsicotics: risperidona,
paliperidona (9-OH-R), olanzapina i desmetilolanzap quetiapina, risperidona
injectable de llarga durada, palmitat de paliperajoaripiprazol i dehidroaripiprazol,
ziprasidona, clozapina i norclozapina, i halopdrida monitoritzacié dels nivells
plasmatics d’antipsicotics abans esmentats va pegnwonfirmar el compliment o
incompliment dels pacients a la medicacié antiggiaoprescrita, al menys durant la
setmana que precedeix a I'extraccié sanguinia, liegaltar una variable d’interés en

quant va permetre discutir de forma fefaent elsltats en resposta clinica.

Les concentracions plasmatiques dels antipsicoigsctables de duracio
perllongada també van ser obtingudes, ja que aldelsspacients van rebre combinacio
d’antipsicotics, essent un d’ells un antipsicotial@ el segon un antipsicotic injectable
de llarga durada. En aquest casos, la monitordzdeinivells plasmatics d’antipsicotics
va permetre assegurar el compliment dels paciesfgecte als farmacs administrats via

oral.

Determinacions de nivells hormonals (Estudi 2)

Per a la determinaci6 i posterior analisi de ngsdglbrmonals, una infermera
especialitzada en salut mental va extreure a nbvadal 20 mL de sang a tots els
pacients per puncié venosa antecubital, a les 8dklhmati. Les mostres van ser
enviades al laboratori de Bioquimica i Genética .Moular de I'Hospital Clinic de

Barcelona.
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Es van determinar els nivells hormonals de: Horfoh liculostimulant (FSH),
Hormona luteinitzant (LH), estradiol (E2), progeste, testosterona, index de

testosterona lliure, Globulina Lligada a Hormonegils (SHBG).

La determinacié de FSH, LH, estradiol, progestero8&BG en serum es va
realitzar mitjancant immunoassajos de quimilumi@szta automatitzats en I'instrument

Advia Centaur XP (Siemens Healthcare Diagnostiasyyfown, NY, USA).

D’altra banda, la determinaci0 de testosterona asrealitzar en sérum
mitjancant un immunoassaig de quimiluminiscenci@matitzat en I'instrument Cobas

(Roche Diagnostics Ltd., Indianapolis, IN, USA).

Analisi estadistica (Estudis 1 i 2)

Es van realitzar les analisis estadistiques adikgua la naturalesa de les
variables implicades en la comprovacié de cadatégdd I'exploracié dels objectius
descrits. Totes les variables van ser introduiddesabases de dades préviament
dissenyades segons el programa SPSS v.19.9 (SBESEHicago, lllinois, USA) i van

ser explotades estadisticament utilitzant aquettirnprograma.

Per a la comprovaciéo de lipotesi 1, les analisis estadistiques realitzades
s’indiguen a continuacio. Les diferencies de legamés entre les puntuacions basals i a
la setmana 12 es van calcular per a totes lesesscalibescales d’avaluacio (PANSS,
PSP i CGI). Donat que les variables continues muisa una distribucié normal, les
comparacions de les diferéncies de mitjanes ewnimedresponedores i no-responedores
es van realitzar mitjancant el test U de Mann-W&yitnLes comparacions de les

proporcions, o variables categoriques, entre leesloesponedores i no-responedores es
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van realitzar utilitzant el tegf2. Amb la finalitat d’investigar I'efecte de potzals
predictors de la resposta antipsicotica en ambddpsges van realitzar models de
Regressidé Logistica Binariafofward stepwise métode Wald), considerant el
percentatge de resposta (responedores, no respespdmm a variable depenent;
mentre que I'exposicid acumulada als estrogensared de la vida, les dosis actuals
d’antipsicotics expressades en equivalents d’'olginaa el nombre d’episodis psicotics
previs, I'index de massa corporal (IMC) basal, tabsme, i temps transcorregut des de
la menopausa, van ser incloses en el model contem@als factors mediadors de la
resposta antipsicotica. D’altra banda, per a eatdtifecte de les variables cliniques i
reproductives en el canvi de les puntuacions ewlifesents subescales de PANSS, es
van realitzar models de regressio linesa¢pwise methddncloent com a covariables els
factors abans esmentats. Pel que fa a les variabtgsiues que no varen mostrar una
distribucié normal, aquestes es van transformaaricgicament abans de realitzar els

models de regressio.

Per a la comprovacio de laipotesi 2 es van realitzar les segients
aproximacions estadistiques. Amb la finalitat didgr I'associacio entre el canvi en
simptomes psicopatologics mesurats per les difeesdales i subescales (PANSS, PSP
i CGI) al llarg del seguiment i els nivells basdlesormones en sérum, es van calcular
coeficients de correlacié no parametrics. En urosggps, es van aplicar analisis de
correlacio parcial per investigar la relacio emi®canvis en les puntuacions d’escales i
subescales d’avaluacio i els nivells séerics d’horesy introduint en el model com a
covariables els seguents factors: durada del trgstiosis d’antipsicotics expressades
en equivalents d’olanzapina, index de massa cdrbt€) i tabaquisme. Per a la ratio

FSH/LH, les analisis de correlacié van ser realiézsad’acord a les recomanacions de
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Sollberger i Ehlert (60). Per tant, la ratio FSH/izal ser transformada logaritmicament
abans de realitzar les analisis pertinents. Dohatoenbre elevat de correlacions
realitzades en les analisis de correlacié pareslya dur a terme una correccié de

Bonferroni per a controlar els resultats per I'edete les comparacions multiples (61).
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4-RESULTATS

Hipotesi 1

Gonzalez-Rodriguez A, Catalan R, Penadés R, RuiesCd, Torra M, Seeman
MV, Bernardo M. Antipsychotic Response Worsens Witlstmenopausal
Duration in Women With Schizophrenia. J Clin Psyttaymacol. 2016

Dec;36(6):580-587.

En aquest estudi de seguiment a 12 setmanes, Hematela rellevancia dels
factors clinics i reproductius en la resposta ait{gica en dones postmenopausiques
amb esquizofrénia. Préeviament a l'estudi de lauéiitia d’aquests factors en la
resposta terapéutica, hem caracteritzat dos grepdodes amb esquizofrenia en la

menopausa: responedores i no responedores.

Al final del periode de l'estudi, el 66% de lesnds van ser responedores a
antipsicotics. L’analisi de regressio logistica dria va identificar el temps
transcorregut des de la menopausa com a prediggmificatiu de la resposta
antipsicotica global a les 12 setmanes de tractankgnd’altres paraules, un periode
meés perllongat des de la menopausa es va assegaivament i de forma significativa

amb la resposta antipsicotica en dones postmenigp@ssamb esquizofrénia.

D’altra banda, les analisis de regressio lineal igentificar el tabaquisme i
I'exposicio acumulada d’estrogens al llarg de ldavcom a dos predictors de canvi en
simptomes psicotics negatius. El tabaquisme i eipge transcorregut des de la
menopausa es van associar positivament amb ur@argh simptomes d’excitacié, i el
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tabaquisme es va associar positivament amb unarenibn simptomes cognitius i

depressius.

Aquestes troballes suggereixen que les dones ambizefrenia, no només
presenten una davallada en la resposta antipsiciel moment de la menopausa, sind

gue presenten un decliu progressiu en la respastaidel periode de la postmenopausa.

Els resultats de I'estudi emfatitzen la necesdiedtudiar la base neurobiologica
de la resposta antipsicotica en dones postmenapeassiamb esquizofrénia, |
d’investigar el paper dels receptors estrogenigsatinics en la resposta terapéutica en

aguesta poblacio.
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Hipotesi 2

Gonzalez-Rodriguez A, Bernardo M, Penadés R, &j&uiz Cortés V, Seeman
MV, Catalan R. Do FSH/LH ratio and gonadal hormdeeels predict clinical
improvement in postmenopausal schizophrenia wonfch Womens Ment

Health. 2017; 20(5):613-620.

En aquest estudi, es van investigar les potenc@i®lacions entre els nivells
serics d’hormones gonadals, FSH, LH, i la ratio R$Hamb la millora clinica
associada al tractament antipsicotic en una mairdones postmenopausiques amb

esquizofrenia.

Les analisis de correlacidé parcial realitzades i@entificar una correlacio
positiva entre la millora en simptomes psicoticsifues, mesurats mitjancant la
subescala positiva de I'escala PANSS, i la ratiblfe8l. D’altra banda, es va trobar
una correlacié positiva entre 'empitjorament globan simptomes cognitius, mesurats
ambdues per I'escala CGl, i la ratio FSH/LH. Elgefis sérics de testosterona es van
associar positivament amb la millora clinica, patirment en simptomes psicotics
positius (subescala positiva PANSS), i es va traba tendencia a una correlacio
positiva entre els nivells de testosterona i ldaral en simptomes negatius (subescala
negativa PANSS). No obstant aix0, després de doreégyresultats per I'efecte de les
comparacions multiples (correccié Bonferroni, p€0.10), les correlacions inicials no

van ser estadisticament significatives.

Globalment, els resultats de I'estudi 2 indiquee,qualgrat els assajos hormonals

realitzats en aquesta petita mostra no es vaniasswob la millora clinica en cap dels
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dominis simptomatics en esquizofrénia, es recomdon a terme nous estudis
focalitzats en ratios compreses per hormones gts)aadrenals i hipofisaries com a
potencials marcadors de resposta antipsicotica @amesd postmenopausiques amb

esquizofrenia.

48



49



5-ARTICLES

50
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Antipsychotic Response Worsens With Postmenopausal
Duration in Women With Schizophrenia

Alexandre Gonzalez-Rodriguez, MD,* Rosa Catalan, MD, PhD,* Rafael Penadés, PhD,*
Victoria Ruiz Cortés, BN, 1T Mercé Torra, PhD,} Mary V. Seeman, MD, DSc,s and Miquel Bernardo, MD, PhD*

Background: The loss of estrogens in the menopause may lead to in-
creased vulnerability for psychotic relapse, poor clinical outcome, and a
need for increased antipsychotic dose. However, confounders such as cu-
mulative estrogen exposure and time since menopause have been inade-
quately studied. Our aim was to investigate potential variables capable of
influencing antipsychotic response in a sample of postmenopausal women
with schizophrenia.

Methods: Sixty-four postmenopausal schizophrenic women were
followed in a 12-week prospective treatment-by-clinical requirement
study. Duration of reproductive years was considered an indirect mea-
sure of lifetime cumulative estrogens exposure. Psychopathological
assessment included the following: Positive and Negative Syndrome
Scale, Personal and Social Performance, and Clinical Global Impression-
Schizophrenia Scale. Response was defined as a reduction of 30% or more
of Positive and Negative Syndrome Scale total scores. Antipsychotic ad-
herence was assessed by plasma level monitoring at 4 weeks. Regression
analyses were performed to investigate the association between potential
confounding factors and antipsychotic response.

Results: Forty-two participants (66%) were found to be antipsychotic re-
sponders. Time since menopause was significantly and negatively associ-
ated with overall antipsychotic response, explaining almost 42% of the
variance of the model used. Smoking and cumulative estrogen exposures
were associated with improvement in negative symptoms. Smoking and
time since menopause were associated with improvement in excitement
symptoms, and smoking was positively associated with improvement in
depressive and cognitive symptoms.

Discussion: Time since menopause was significantly negatively associ-
ated with antipsychotic response in postmenopausal schizophrenic women,
suggesting a decline in antipsychotic response after menopause. The neu-
robiological basis for antipsychotic response may include a role for estro-
gen and nicotine receptors.

Key Words: schizophrenia, psychosis, estrogen exposure, menopause,
antipsychotic response

(J Clin Psychopharmacol 2016;36: 580-587)

F or many decades, the search for sex differences in schizophre-
nia has been a focus of interest in psychiatric research. Al-
though most of findings have been considered contradictory and
frequently inconclusive, most studies reported an earlier age at on-
set in men than in women and a relatively more robust response to
antipsychotics in women.'
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Furthermore, epidemiological studies have found a second
peak of incidence in women at the time of menopause. In addi-
tion, younger women with schizophrenia seem to exhibit a better
clinical course than menopausal women.>”’ Significantly, re-
search on first episodes of psychosis patients support the finding
that later menarche is associated with an earlier age of psychosis
onset. Cohen et al,® aiming to determine whether age at puberty
influences psychosis onset, found that earlier puberty was a pre-
dictor of later onset of schizophrenia in women but not in men.

The previously mentioned findings support the estrogen pro-
tection hypothesis of schizophrenia that postulates a protective
role for estrogens in the onset and development of the disease, thus
explaining sex differences in age at onset.”'°

With regard to sex differences in the psychopathology of
emerging psychosis (ie, first-episode psychosis and at-risk indi-
viduals), recent research has found that contrary to earlier find-
ings, the prominence of negative symptoms in men and affective
symptoms in women tends to disappear after correction for con-
founding factors, such as cannabis use, age, and doses of antipsy-
chotics and antidepressants, and also after adjustment for multiple
testing.>!! However, larger studies are warranted to replicate these
findings. On the other hand, several studies have also attempted to
elucidate whether sex differences in antipsychotic response can be
found in schizophrenic patients. Specifically, as a part of the
Schizophrenia Outpatient Health Outcomes study, Usall et al'?
reported sex to be a clinical predictor of antipsychotic response
in a sample of outpatients with schizophrenia. Particularly, the in-
vestigators found that women responded better than men to anti-
psychotic treatment in all symptom dimensions (ie, positive,
negative, depressive, and cognitive).

Other recent studies have also provided evidence for an ef-
fect of sex on antipsychotic response. For instance, Goldstein
etal'® reanalyzed an international clinical trial investigating differ-
ences in treatment response among schizophrenic patients receiv-
ing olanzapine and haloperidol and, for the first time, controlled
for age at illness onset and menopausal status in women. These
authors found that women needed lower doses of antipsychotics
compared with men and that premenopausal women showed a
better antipsychotic response than postmenopausal women, irre-
spective of the treatment received and the duration of illness. Re-
cent reviews have further discussed these findings. Abel et al'*
considered the possibility that poor antipsychotic response in
postmenopausal schizophrenic women was caused by sex hor-
mones but emphasized that the relationship between the two was
complex. Seeman’ proposed a potential explanation for these dif-
ferences in treatment response and the effect of menopause.
Seeman pointed to pharmacodynamic and pharmacokinetic
changes that take place at the time of menopause, for instance,
changes in metabolic pathways that are influenced by estrogen-
dependent factors.

Several researchers have reported an association between re-
duced sex hormonal levels and exacerbations of psychotic symp-
toms in schizophrenia and related disorders in women.””'> A
hypoestrogenism hypothesis has been suggested as an attempt to
explain the fact that many women with schizophrenia show more
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symptoms at menopause. This would implg/ the need for increas-
ing the dose of antipsychotics at this time.

The age of onset of menopause in women is influenced by
several endogenous and exogenous factors, especially smoking
status and body mass index (BMI),'®'? suggesting that both these
variables should be controlled when analyzing the potential effect
of menopause on clinical outcomes.

Another important factor potentially influencing antipsychotic
response and in line with the hypoestrogenism hypothesis is lifetime
estrogen exposure.*”!* Lifetime estrogen exposure is approxi-
mately determined by the duration of the period between menar-
che and menopause; the longer this period, the higher the
protection conferred by estrogens and by implication, a superior
antipsychotic response. However, to the best of our knowledge,
few studies have looked into this variable or controlled for it when
studying antipsychotic response.

Our aim, therefore, was to determine whether antipsychotic
response in postmenopausal women with schizophrenia differed
according to the influence of cumulative estrogen exposure and
other potentially confounding factors. A second objective was to
investigate which symptom dimensions responded best in our
sample and what variables best influenced them.

METHODS

Participants and Study Design

Patients were recruited through the Barcelona Clinic Schizo-
phrenia Unit, a specialized unit focusing on clinical care, research,
and training in the field of schizophrenia and related disorders and
representing a specific catchment area in Barcelona. The present
study is a part of an ongoing investigation on antipsychotic re-
sponse in schizophrenia and related disorders. The research was
approved by the ethics committee of the Hospital Clinic (Ref.
2011/6635), and all patients gave their written informed consent
to take part in the research. Sixty-six patients accepted to partici-
pate, and 2 of them were lost at follow-up.

Sixty postmenopausal outpatient women with schizophrenia
and 4 patients diagnosed with schizoaffective disorder completed
a 12-week prospective treatment-by-clinical requirement study. In
brief, that means treatment assignment was based on purely clini-
cal criteria (ie, previous effectiveness or tolerability) because the
study did not include any experimental intervention. Inclusion
criteria were as follows: (1) 18 years and older, (2) being postmen-
opausal according to the International Menopause Society criteria,
(3) meeting Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition, Text Revision, criteria for schizophrenia
and related disorders, (4) patients who required a switch of anti-
psychotics because of lack of effectiveness, and (5) a score of at
least 60 on the total PANSS scale. When lack of effectiveness
was identified, the clinician selected antipsychotic treatment ac-
cording to the clinical practice and personalized to the previous
history of effectiveness and drug tolerability for each patient. At
the time of the study inclusion, all patients were receiving the
new antipsychotic drug after a previous cross-tapering period of
2 weeks, where the dose of the ineffective antipsychotic was
slowly reduced and the new drug was slowly introduced. Patients
with a previous diagnosis of mental retardation or organic psycho-
sis were excluded.

In brief, at the time of the study inclusion, 51 patients
(79.7%) were treated with antipsychotics in monotherapy and 13
(20.3%) received antipsychotic polytherapy. Antipsychotic pre-
scription has been described in detail as follows: 5 patients were
treated with clozapine; 11 patients with risperidone; 10 patients
with aripiprazol; 11 patients with olanzapine; 16 patients with

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

quetiapine; 4 patients with paliperidone; 15 with paliperidone
palmitate; 3 with risperidone long-acting injection; 2 patients
with trifluoperazine; 2 patients with haloperidol; and 1 patient
with levomepromazine.

Sociodemographic and clinical data were recorded at base-
line. These included the following: marital status, employment
status, educational level, age at onset, duration of illness, duration
of untreated psychosis, number of previous psychotic episodes
and admissions, and cigarette smoking. Anthropometric measure-
ments were also assessed by trained and specialized nurses in the
field of psychiatry. These measures included weight, height, and
waist circumference measurements. Body mass index was calcu-
lated using the equation: weight (kilograms)/height (meters)?.

All patients were asked about menarche age,” menopause
age,?! current/past use of hormonal replacement therapies (ie, ral-
oxifene, tamoxifen), and other contraceptives (ie, oral, injectible,
or intrauterine contraceptive devices), events such as pregnan-
cies, and ovarian cysts. Duration of reproductive years (meno-
pause age minus age at menarche) was considered to be an
indirect measure of lifetime cumulative exposure to estro-
gens,**? and time since menopause (current age minus age at men-
opause) was also calculated. Menopause was defined as a medical
or surgical complete cessation of menses, excluding those cases
of drug-induced amenorrhea.

Dose equivalents for current antipsychotic treatment were
calculated for those antipsychotics received at the time of the
study inclusion, according to the most recent criteria published
by Leucht et al.?

Psychopathological Assessment

At baseline and at 12 weeks, the following assessment mea-
sures were taken: the 5 factors model of the Positive and Negative
Syndrome Scale (PANSS)?>*27 for psychotic symptoms, the
Personal and Social Performance Scale (PSP)*®%° for function-
ality, and the Clinical Global Impression-Schizophrenia Scale
(CGI-SCH).2%3! Antipsychotic response was defined as a re-
duction of 30% or more of total PANSS score from the baseline
to endpoint.>?

The PANSS scale is a well-recognized psychometric instru-
ment for assessing psychotic symptoms in patients with
schizophrenia.>* Tt is an observer-rated scale consisting of 30
items grouped into the following 3 factors: positive syndrome
(7 items), negative syndrome (7 items), and general psychopathol-
ogy (16 items), and it has been considered a useful instrument for
assessing the change in psychotic symptoms in studies focusing
on antipsychotic response. However, the 3 factorial structures of
PANSS has not been widely accepted, so we applied the Spanish
Version®® with its 5-factor model,?” which includes the following
5 psychopathological dimensions: positive, negative, excitement,
depression/anxiety, and cognition.

The PSP scale is a valid and reliable instrument for assessing
the personal and social functioning in patients with schizophre-
nia.?® Tt consists of the following 4 subdimensions or domains:
self-care, socially useful activities (eg, work and study), personal
and social relationships, and disturbing and aggressive behaviors.
The scores of the previously mentioned domains are added to ob-
tain a total score, which ranges from 0 to 100, a higher score indi-
cating better overall function. We used the Spanish validation of
the PSP scale.?

The CGI for schizophrenia (CGI-SCH) has been widely used
to assess the severity and the degree of change in the course of
schizophrenia as related to treatment.***! It is a clinician global
rating, considered useful and reliable. The first part of the CGI,
namely, severity of illness (1), and the second, degree of change
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(2), comprise the following 5 subscales: positive, negative, de-
pressive, cognitive, and global, and they include a system for
responding using a 7-item Likert scale. In the first part (1), scores
range from 1 (normal) to 7 (severe), and in the second part (2), 1 to
7 indicate degrees of change, 1 (very much improved) and 7 (very
much worse).

Plasma Level Monitoring of Antipsychotics

Adequate adherence to the antipsychotic prescription was
ascertained by monitoring plasma levels of antipsychotics at
the 4-week follow-up. The determinations were performed in
the laboratory of pharmacology and toxicology at the Service
of Biochemistry and Molecular Genetics at our center, using
high-resolution liquid chromatography (HPLC/DAD). Plasma
concentrations of the following antipsychotics were analyzed:
risperidone, paliperidone (9-OH risperidone), olanzapine and
desmethyl olanzapine, quetiapine, risperidone long-acting injec-
tion, paliperidone palmitate (9-OH risperidone), aripiprazole and
dehidroaripiprazole, ziprasidone, clozapine and norclozapine,
and haloperidol. Measurement of antipsychotic plasma levels
allowed us to confirm the adherence of patients to their antipsy-
chotic medications, at least during the week preceding the
blood draw.

Plasma concentrations of long-acting injectable antipsy-
chotics were also obtained, because some patients were receiving
a combination of antipsychotics, being one of them an oral anti-
psychotic and the second would be a long-acting antipsychotic.

Statistical Analysis

Statistical analysis was performed by using IBM SPSS
Statistics, Version 19 (SPSS, Chicago, Ill). The mean differ-
ences from baseline and endpoint scores were computed for
all the assessment scales and subscales (ie, PANSS, PSP, and
CGI). Because of the nonnormal distribution found for the con-
tinuous variables, comparisons of mean differences between
responders and nonresponders were performed by means of
the Mann-Whitney U test. Furthermore, comparisons of pro-
portions between responders and nonresponders were con-
ducted by using the % test.

Binary Logistic Regression models (forward stepwise, Wald
method) were used to investigate the effect of potential predictors
on the percentage of response within groups, where percentage of
response (responder vs nonresponders) served as the dependent
variable, and cumulative estrogen exposure, current olanzapine
equivalent doses, past number of psychotic episodes, baseline
BMI, smoking, and time since onset of menopause were included
as mediating factors of antipsychotic response. With the main goal
of investigating the relationship between changes in mean scores
of the assessment scales and subscales, additional linear regres-
sion models (stepwise method) were performed including the
same mediating factors as covariates.

When the distribution of the continuous variables was not
normally distributed, logarithmic transformation was conducted
before conducting regression models.

RESULTS

Univariate Comparisons Between Responders and
Nonresponders at Follow-Up

At 12 weeks, 42 patients (65.6%) were confirmed as re-
sponders and 22 (34.4%) as nonresponders.

Sociodemographic, clinical characteristics, and baseline
scores on the assessment scales of the total sample and by groups
are shown in Table 1.
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No statistically significant univariate differences between re-
sponders and nonresponders were found regarding age, marital
status, educational level or employment status, nor clinical vari-
ables, such as age at onset of disorder, number of previous admis-
sions and episodes, nor currently required olanzag)ine equivalent
doses according to the criteria by Leucht et al.>> When uncor-
rected for potential influencing factors, responders had higher
scores only in the baseline PANSS excitement subscale compared
with nonresponders (P = 0.047). No other statistically significant
differences in baseline psychopathological symptoms were found
between both the 2 groups.

Although no statistically significant differences were
found between both groups in terms of age at menarche, age
at menopause, cumulative estrogen exposure, or anthropomet-
ric measures (ie, weight, height, and BMI), responders were
closer to the time of menopause onset than nonresponders
(P = 0.008). That means responders showed a shorter interval
between age at menopause and current age than nonresponders.
Furthermore, no differences were found according to other re-
productive factors (ie, hormone replacement therapy: raloxi-
fene, etc) between both groups. One patient who responded
received raloxifene, which was prescribed by a gynecologist,
and 1 patient who did not respond was treated with tamoxifen,
because she had a previous history of breast cancer.

Binary Logistic Regression Analysis for
Antipsychotic Response

Results of binary logistic regression analysis are presented
in Table 2.

Binary logistic regression analysis (forward stepwise,
Wald method) identified time since menopause (P = 0.017) as
a significant predictor of antipsychotic response at 12 weeks.
The entire model was statistically significant (x> = 10.185,
P =0.006), explaining 42% (R* Nagelkerke = 0.419) of the vari-
ance from the model.

Linear Regression Analysis for
Psychopathological Symptoms

Results of linear regression analyses are shown in Table 3.

Linear regression analysis (stepwise method) model
identified requirements of antipsychotic doses (expressed in
olanzapine equivalents; = 2.171, P = 0.039) as clinical pre-
dictor of mean changes in PANSS positive symptoms, how-
ever, explaining only 11% (R? = 0.113) of the variance from
the model (F =4.713, P =0.039).

Smoking (r=2.271, P=0.031) and cumulative estrogen ex-
posure (¢ =-2.709, P=0.012) were identified as 2 clinical predic-
tors of mean changes in PANSS negative symptoms. This model
was statistically significant (F = 6.451, P = 0.005) and explained
27% (R? = 0.273) of the variance from the model.

Furthermore, PANSS excitement symptoms were significantly
associated with time since menopause (¢t = —3.053, P = 0.005) and
smoking (¢t = 4.031, P < 0.001), explaining almost 36%
(R* = 0.364) of the variance from the model (F = 9.292, P = 0.001).

Smoking (¢ = 2.396, P = (0.024) was weakly associated with
response in PANSS depressive symptoms. This model was statis-
tically significant (F' = 5.739, P = 0.024) with a low predictive
value (R* = 0.149).

Regression analysis also identified smoking (¢ = 3.073,
P =0.005) as a predictor of response in PANSS cognitive symp-
toms. This model was statistically significant (F = 9.442,
P = 0.005) with less predictive value than the second and third
previous models (R* = 0.225).
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TABLE 1. Characteristics of the Total Sample, Responders, and Nonresponders (N = 64)

Variables Whole Sample (n = 64) Responders (n =42) Non-Responders (n = 22) Statistics
Sociodemographics
Age, mean (SD) 60.86 (9.67) 59 (9.54) 61.83 (9.71) U=3645,Z=-1381,P=0.167
Marital status, n (%) x?=3201, df=4,P=0.525
Married/partner 18 (28.1) 14 (33.3) 4(18.2)
Separated 2(3.1) 124 1 (4.5)
Widowed 11(17.2) 8 (19) 3 (13.6)
Divorced 4(6.3) 3(7.1) 14.5)
Single 29 (45.3) 16 (38.1) 13 (59.1)
Employment status, n (%) x>=4.102, df=4, P=0.392
Employed 11(17.2) 8(19) 3 (13.6)
Unemployed 4(6.3) 2 (4.8) 29.1)
Retired 19 (29.7) 15 (35.7) 4 (18.2)
Disabled 29 (45.3) 29 (45.3) 13 (59.1)
Family caregiver 1(1.6) 1(1.6) 0(0)
Educational level, n (%) x>=17.628, df=4,P=0.106
No studies 4(6.3) 3(7.1) 14.5)
Primary 18 (28.1) 12 (28.6) 6(27.3)
Secondary 20 (31.3) 17 (40.5) 3 (13.6)
Trained 12 (18.8) 5(11.9) 7 (31.8)
Graduate 10 (15.6) 5(11.9) 5(22.7)
Clinical, mean (SD)
Age at onset 42.08 (16.57) 43.71 (15.96) 39.05 (17.63) U=3825,Z2=-0.988, P=0.323
Cumulated years of disorder 18.67 (14.61) 18.07 (13.82) 19.82 (16.28) U=4385,2=-0.332,P=0.74
DUP y 3.32(6.42) 3.76 (7.14) 246 (4.71) U=3985,Z=-0.623, P=0.533
No. admissions 1.94 (2.53) 1.67 (1.93) 2.45(3.39) U=449,Z=-0.190, P = 0.849
No. previous episodes 3.29(2.99) 3.12 (2.64) 3.65(3.7) U=378,Z=-0.649, P=0.517

Olanzapine equivalent doses 13.31 (12.73)
Scores in the assessment scales, mean (SD)

12.84 (13.86)

14.25 (10.34)

U=1347,7Z=-0.449, P = 0.654

PANSS total 79.45 (13.59) 79.93 (12) 78.55 (16.49) U=436.5,Z=-0.361,P=0.718
PANSS positive 19.70 (4.06) 19.86 (3.9) 19.41 (4.44) U=430,Z=-0.454, P=0.650
PANSS negative 20.84 (5.56) 20.1 (5.44) 22.27 (5.62) U=356,Z=—1.501, P=10.133
PANSS excitement 14.13 (4.46) 14.93 (4.4) 12.59 (4.26) U=322,7Z=-1.984, P=0.047*
PANSS depressive 10.56 (3.51) 10.93 (3.29) 9.86 (3.88) U=373.5,Z=-1.257,P=0.209
PANSS cognitive 14.21 (4.52) 14.12 (3.93) 14.41 (5.57) U=461,Z=-0.014, P=0.989
PSP total 45.73 (12.15) 46.45 (11.83) 44.36 (12.92) U=409.5,Z=-0.744, P = 0.457
CGl global severity 5.23 (1.00) 5.33(1.03) 5.05 (0.95) U=389.5,Z=-1.079, P=0.281
CGI positive 5.64 (1.10) 5.76 (1.14) 541 (1.01) U=370,Z=-1346,P=0.178
CGI negative 3.58 (1.47) 3.40 (1.48) 391 (141) U=362.5,7Z=-536,P=0.152
CGI depressive 3.34(1.43) 3.31(1.52) 3.41(1.26) U=339,Z=-1.782, P=0.592
CGI cognitive 344 (1.34) 3.21(1.32) 3.86 (1.32) U=389.5,Z2=-1.079, P=0.075
Reproductive variables, mean (SD)
Age at menarche 12.76 (1.98) 12.89 (1.97) 12.46 (2.03) U=178,Z=-0.615, P=0.539
Age at menopause 48.24 (5.04) 49.44 3.33) 47.69 (5.61) U=258,Z=-0.449, P=0.654
Cumulated estrogen exposure 35.47 (5.6) 34.66 (6.12) 37.38 (3.62) U=150,Z=-1329,P=0.184
Time since menopause 11.75 (9.04) 9.53 (14.72) 13.74 (8.76) U=150,Z=-2.643, P=0.008*
Anthropometric measures, mean (SD)
Weight 65.56 (13.7) 65.44 (13.87) 65.77 (13.83) U=2175,Z=-0.344, P=0.731
Height 157.98 (7.23) 158.34 (7.27) 157.34 (7.34) U=211,Z=-0.499, P=0.618
Waist circumference 96.02 (11.31) 96.02 (9.61) 96 (14.55) U=101.5,Z=-0.556, P=0.578
BMI 26.30 (5.03) 26.27 (5.2) 26.37 (4.9) U=208,Z=-0.390, P=0.696
Smoking status, mean (SD)
Cigarettes 10 (15.41) 10.47 (15.91) 9.54 (14.95) U=442,7=-0335,P=0.738
*P <0.05.

DUP indicates duration of untreated psychosis; U, Mann-Whitney U test.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Binary Logistic Regression Models (Forward, Wald
method) for Variables Predicting Antipsychotic Response

Antipsychotic Response (N = 64)

Variables Not Included
Variables in the Equation * in the Equation
Variable Significance Variable Significance
Time since 0.017%* Cumulated estrogen 0.452
menopause exposure
Smoking 0.063 Olanzapine 0.956
equivalent doses
BMI 0.390
No. previous 0.353

psychotic episodes

*Variable introduced in step 1 is time since menopause; variable intro-
duced in step 2, smoking.

**P <0.05.

For the remaining scales and subscales, no variables were
entered into the models.

Plasma Level Monitoring of Antipsychotics
and Adherence

Adequate adherence to the antipsychotic medications was
confirmed for 58 (90.63%) of patients. The 6 remaining cases could
not be considered adherent attending to plasma level monitoring.

From those 6 patients, 1 patient receiving risperidone was
lost at follow-up, 1 patient was treated with levomepromazine,
and 1 with trifluoperazine, both of them could not be determined
by our laboratory. The patient receiving levomepromazine was ad-
mitted at a senior residence, whereas the nursing team ensured the
adherence to treatment. One patient treated with quetiapine was
nonadherent to the medication, so paliperidone palmitate long-
acting injection was initiated. Other patient had no available levels
for oral aripiprazole, but a subsequent adherence was confirmed
after prescribing aripiprazole long-acting injection. Finally, anti-
psychotic concentrations could not be determined in 1 patient receiv-
ing quetiapine, treatment that was supervised by a family worker.

DISCUSSION

The main goals of this study were to examine antipsychotic
response in a sample of postmenopausal women with schizophre-
nia and to investigate whether age at onset, duration of illness or
other clinical variables, and cumulative exposure to estrogens
may have an influence on antipsychotic response in this popula-
tion. As a second objective, we wanted to know which symptom
dimensions responded best and what variables best influenced
them. Thus, we tested the hypothesis that antipsychotic response
in postmenopausal schizophrenic women is positively associated
with cumulative estrogen exposure, time since menopause, absti-
nence from smoking, and low BMIL.

Recently, double-blind placebo-controlled trials investi-
gated response in schizophrenic patients receiving paliperidone
extended release compared to patients treated with placebo. The
authors found that persistence of antipsychotic response may be
achieved after continuing antipsychotics beyond 2 weeks of treat-
ment, suggesting that in several cases, antipsychotics should be
maintained for several weeks.>* On the other hand, several studies
have reported that schizophrenic women show a faster antipsy-
chotic response and need lower doses of antipsychotics compared
with men.>*>% A recent review highlighted that women are more
likely to achieve a full remission from their first episode of
psychosis compared with men,*® but when focusing on postmen-
opausal schizophrenic women, most studies report that premeno-
pausal women showed a better antipsychotic response compared
with postmenopausal women and need lower doses of antipsy-
chotics.” When taking into account the ovarian follicular reserve
in women, the notion that women respond faster than men should
be better interpreted with caution, because postmenopausal
women may have a different pattern of response and perhaps a
later time to antipsychotic response. Taking together, these clini-
cal findings suggest that higher levels of estrogens have a protec-
tive function in schizophrenic women, an effect that may be
missed at the time of menopause, when estrogen levels show a de-
cline. Thus, in the present study, we examined antipsychotic re-
sponse at 12-week follow-up in a prospective observational
design by including postmenopausal schizophrenic women, be-
cause lower antipsychotic response rates in postmenopausal
women have been reported compared with premenopausal
schizophrenic women.

In our sample, antipsychotic response as defined by a reduc-
tion of a 30% or more of PANSS total scores®> occurred in 66% of

TABLE 3. Linear Regression Analysis (Stepwise Method) for Mean Changes in Scores of the Assessment Scales and Subscales

at 12 Weeks
Variables Entered
Dependent Variable Into the Equation Adjusted R* B Significance
PANSS positive Olanzapine equivalent doses 0.113* 0.380 0.039%
PANSS negative Smoking 0.273%* 0.360 0.031*
Cumulated estrogen exposure -0.429 0.012%*
PANSS excitement Smoking 0.364* 0.655 <0.001%*
Time since menopause —0.496 0.005%*
PANSS depressive Smoking 0.149* 0.425 0.024*
PANSS cognitive Smoking 0.225%* 0.502 0.005%*
PANSS total Smoking 0.420%* 0.742 <0.001**
Time since menopause -0.359 0.028%*
*P <0.05.
**P<0.01.
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postmenopausal schizophrenic women and no response was ob-
served in 34% of cases. To date, no studies have investigated
12-week antipsychotic response rates in postmenopausal women
with schizophrenia. However, a high amount of literature has been
focused on gender and sex differences in antipsychotic response
in schizophrenic patients. In particular, Smith*® reviewed biologi-
cal and sociocultural factors contributing to the differences in an-
tipsychotic response between men and women. One of the most
representative studies investigating this issue was carried out by
Usall et al'? with a 3-year observational prospective design. The
authors found that women showed a faster response to antipsy-
chotics and more fully remission compared with men. Similarly,
Goldstein et al'® investigated sex differences in antipsychotic re-
sponse to olanzapine compared with haloperidol. Once again,
women showed a better response to antipsychotics compared with
men, and when accounting for menopausal status, premenopausal
women had a better response compared with postmenopausal
women. These findings are in contrast with those reported by
Pinals et al,>” who found no significant differences in antipsy-
chotic response between men and women, in a relatively small
sample size including 44 schizophrenic patients. On the other
hand, Crespo-Facorro et al*® found sex not to be a predictor of an-
tipsychotic response, 59.6% of responders were men and 40.4%
were women. In summary, few studies report antipsychotic re-
sponse rates accounting for sex, or by menopausal status.

No statistically significant differences were found be-
tween responders and nonresponders in terms of age at the time
of study inclusion, sociodemographic variables, current anti-
psychotic doses expressed in olanzapine equivalents, or other
clinical variables. Nor were there any differences between the
2 groups in age at menarche, age at menopause, or cumulative
estrogen exposure. These findings are in seeming contrast with
the estrogen protection hypothesis®’ would have predicted bet-
ter protection against psychosis and, therefore, a potential asso-
ciation between lower required antipsychotic dose or high
cumulative estrogen exposure and antipsychotic response. How-
ever, an interesting result was found. The responders group was
comparatively closer to menopause onset than the nonresponders
group; thus, nonresponders were further away in time since men-
opause. Their low estrogen levels had lasted longer.

Before the correction for confounding factors, in univariate
comparisons, antipsychotic responders showed higher baseline
scores in the PANSS excitement subscale. By contrast, Robinson
et al*® found baseline disorganization not significantly related to
antipsychotic response after 1-year follow-up. However, in line
with our findings, Crespo-Facorro et al*® found that the baseline
severity of general psychopathology, positive, and disorganized
symptoms was associated with a better antipsychotic response
but highlighted that baseline psychopathological differences be-
tween responders and nonresponders may be mediated by some
other variables.

In a further step, we looked at smoking status, BMI, cumu-
lative estrogen exposure, currently required olanzapine equiva-
lent doses, and time since menopause as potential covariates in
our multivariate analyses. After conducting a binary logistic re-
gression, time since menopause was found to be a significant
predictor of the overall antipsychotic response, explaining almost
42% of the variance of the model. This suggests that postmeno-
pausal schizophrenic women may experience a progressive de-
cline of antipsychotic response that is potentially explained by
both menopause and its sequelae and adrenopause and its se-
quelae. Menopause is defined as cessation of menses for at
least 12 months,***! and adrenopause is the name given to
the significant decline in serum concentration of adrenal andro-
gens (eg, dehydroepiandrosterone [DHEA], DHEA sulfate,

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

and androstenedione),*>** the main precursors (in addition to

estrogens derived from adipose tissue) of estrogens after men-
opause. These findings are in agreement with the hypothesis
that estrogens confer protection in schizophrenia through di-
rect or indirect effects.*® In brief, the effects of sex hormones
in schizophrenia have been widely divided into organizational
and activational effects.>* First, organizational effects occur
during the fetal life and may involve intranuclear estrogen re-
ceptors that have an impact on the expression of proteins and
thus in brain structures and functions. However, the progres-
sive decline in antipsychotic response in postmenopausal
schizophrenia may be better explained by the activational ef-
fects of estrogens.>**%*® This hypothesis supports that estro-
gens have multiple actions on striatal dopamine function; for
instance, they may increase the density of dopamine receptor
2 in rats and have an antipsychotic-like effect in humans. After
menopause, when estrogens are low, these activational effects
and therefore its conferred protection may be lost, a fact that
would explain lower antipsychotic response rates at the time
of menopause.

A plausible explanation for the subsequent worsening after
menopause is that the hypothalamic- pituitary-adrenal dysfunc-
tion that accompanies the aging process (adrenopause and meno-
pause)** is responsible for the decline in antipsychotic response in
postmenopausal schizophrenic women. In other words, for in-
stance, the decline of DHEA levels with age, mainly considered
a complex hypothalamic-pituitary-adrenal dysfunction, added to
the process of the menopause, both would have a negative influ-
ence on antipsychotic response in postmenopausal schizophrenic
women. Both estradiol and DHEA peak in the mid 20s and then
gradually decline with aging.

We conducted additional linear regression analyses by in-
cluding mean changes in scores of the assessment scales and sub-
scales as dependent variables and the previously mentioned
covariates as potential predictors, with the main aim of investigat-
ing the association between antipsychotic response of specific
symptom domains and reproductive or clinical variables. We
found that higher cigarette consumption and lower cumulative es-
trogen exposure were associated with clinical improvement in
negative symptoms, explaining nearly 27% of the variance of
the model. These findings are in agreement with Misiak et al*’
and Zhang et al*® who found that cigarette smoking is associated
with less severe negative symptoms. In addition, the associa-
tion between lower cumulative estrogen exposure and fewer
negative symptoms may be explained by the fact that smoking
is associated with a delayed onset of the disease®® and an earlier
age at menopause.'®

Higher nicotine consumption and a longer period since the
beginning of menopause were also associated with improvement
in excitement symptoms on the PANSS, explaining almost 35%
of'the variance of the model, which is in line with previous studies
of schizophrenia in later life. Several authors have found that
schizophrenic patients experience an improvement in positive
symptoms and show decreased aggressivity as they age.’'*> Be-
cause of lowered levels of estrogen due to both menopause and
adrenopause, excitement symptoms should show clinical im-
provement in later life.>>

Our linear regression models revealed that smoking was
weakly associated with antipsychotic response of depressive and
cognitive symptoms. In agreement with these findings, several
lines of scientific evidence have been focused on the potential role
of nicotinic receptors in schizophrenia.>®

Several limitations of our study should be taken into account.
The present study has a relatively small sample size that could
have limited the statistical power, and hormone serum levels could
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not be determined because this was not the main goal of this inves-
tigation. Future studies should include determinations of adrenal
and sexual hormone levels to correlate them with antipsychotic re-
sponse and other clinical variables. However, to the best of our
knowledge, to date, this is the first study specifically investigating
the potential influence of cumulative estrogen exposure and time
since menopause on the antipsychotic response in postmeno-
pausal schizophrenic women. Strengths of this study include the
comparison of 2 groups of postmenopausal women with schizo-
phrenia, those responders and a group who did not respond to an-
tipsychotics, because the literature has widely reported poor
antipsychotic response in this population. All patients were in
comparable doses of antipsychotics and received antipsychotics
according to criteria of clinicians in charge of their cases, as our
study had an observational design on the basis of clinical practice.

CONCLUSIONS

In summary, time since menopause was significantly nega-
tively associated with antipsychotic response in a sample formed
by postmenopausal schizophrenic women, suggesting a decline
in antipsychotic response after menopause. The hypothalamic-
pituitary-adrenal dysfunction that accompanies the aging process
(adrenopause and menopause) may be responsible for this de-
cline in response in postmenopausal schizophrenic women. Nev-
ertheless, further studies focused on the neurobiological basis for
antipsychotic response may include a role for estrogen and
nicotine receptors.
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Abstract Menopause is a process characterized by a decline
in estrogen levels and is therefore a period of biological vul-
nerability for psychotic relapse in women with schizophrenia.
Our goal was to correlate not only gonadal hormone levels but
also follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) levels with improvement in specific clinical symp-
toms. Thirty-seven acutely ill postmenopausal schizophrenia
women with a newly initiated, clinically determined change in
antipsychotic medication participated in a 12-week prospec-
tive observational outcome study. Scales used were the
PANSS scale for psychotic symptoms, the PSP for function-
ing, and CGI for global clinical impression. Circulating FSH,
LH, estradiol, progesterone, and testosterone serum levels
were determined by chemiluminescent immunoassay. Partial
correlational analyses were performed along with a
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Bonferroni significance correction (p < 0.0007). After adjust-
ment for confounding factors, the FSH/LH ratio correlated
positively with mean changes in PANSS positive scores, and
there was a correlation with worsening of CGI total and cog-
nitive scores. Testosterone was also positively associated with
improvement in PANSS positive scores. However, after cor-
rection for multiple testing, the initial correlations were no
longer statistically significant. In summary, while the hormone
assays we did in this small sample did not prove to be signif-
icantly linked to clinical improvement in any of the schizo-
phrenia symptom domains, we recommend further investiga-
tion of pituitary, adrenal, and gonadal hormone ratios as po-
tential markers of clinical improvement in this population.

Keywords Schizophrenia - Menopause - FSH - Estradiol -
Antipsychotics - Gender

Introduction

The estrogen hypothesis of schizophrenia addresses gender
differences in age at onset, antipsychotic response, and
biological vulnerability for psychotic relapse (Cuthbert
and Insel 2010; Riecher-Rossler 2017). These differences
between men and women are attributed to the neuroprotec-
tive role of estrogens (Seeman 1996; Riecher-Rossler and
Kulkarni 2011; Seeman 2012; Gonzalez-Rodriguez et al.
2016). When estrogen is lost at menopause, a state of
hypergonadotrophic hypogonadism and amenorrhea de-
velops, accompanied by a progressive decline in ovarian
function, a loss of estrogen protection, and subsequent
changes in follicle-stimulating (FSH) and luteinizing hor-
mone (LH) levels (Seeman 2012).

Increasing levels of FSH have been widely considered a
marker for the loss of ovarian function and are associated with
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poor ovarian reserve at whatever age they occur (Hall 2015).
Additionally, several studies in reproductive medicine have
highlighted the potential value of the FSH/LH ratio as a useful
biomarker. It predicts response to controlled ovarian stimula-
tion (Forman et al. 1991; Kofinas and Elias 2014), as well as
outcome of in vitro fertilization (Prasad et al. 2013; Seckin
et al. 2012), even when FSH levels are within normal limits
(Lyu et al. 2013).

In a previous study carried out by our team, the time
elapsed since menopause was found to be negatively associ-
ated with response to antipsychotics, suggesting a progressive
decline in treatment response after menopause (Gonzalez-
Rodriguez et al. 2016). We concluded that the hypothalamic-
pituitary-adrenal dysfunction that accompanies the aging pro-
cess, as well as menopause itself, was responsible for this
decline in response in postmenopausal schizophrenia women.
Until now, however, few studies have specifically investigated
the potential association between gonadal hormone levels,
FSH, LH and FSH/LH ratio, and clinical improvement in
schizophrenia women at menopause (Allen et al. 2015;
Weickert and Weickert 2016).

The main goal of the present study was to assess the rela-
tionship between FSH, LH, FSH/LH and gonadal hormone
levels, and clinical improvement in postmenopausal schizo-
phrenia women. As a second objective, we hoped to be able to
correlate hormone levels and clinical improvement separately
in the five symptomatic domains of schizophrenia (i.e., posi-
tive, negative, excitement, depressive, and cognitive do-
mains), as well as in social and personal functioning. We
therefore tested the hypothesis that hormone levels, and an
increased FSH/LH ratio, would be associated with clinical
improvement, perhaps in certain psychopathological symp-
toms more than in others, in a clinical group of postmenopaus-
al schizophrenia women.

Materials and methods
Participants and study design

A convenience sample of 37 acutely ill postmenopausal wom-
en with a diagnosis of DSM-IV-TR schizophrenia was con-
secutively recruited into a 12-week prospective observational
study. Inclusion criteria were as follows: (a) postmenopaus-
al status as per the International Menopause Society (IMS);
(b) age 18 or older; (c) recent switch to a new antipsychotic
due to lack of response to the previous one (after a cross-
tapering period of 2-3 weeks); and (d) a threshold severity
score of at least 60 on the PANSS total scale. The need for
a new antipsychotic was determined on clinical grounds
(independent of research staff), and participants were only
included into the study after a 2—3-week period of antipsy-
chotic cross-tapering, once they were on the new

@ Springer

antipsychotic only. Patients with suspected endocrine dis-
ease, organic psychosis, or a previous diagnosis of mental
retardation were excluded. The research was approved by
the Ethics Committee of the Hospital Clinic, and all par-
ticipants gave their written informed consent to be includ-
ed in the research.

Variables and clinical assessment

Sociodemographic and clinical variables were recorded at
baseline.

The following psychopathological measures were applied
both at baseline and at 12 weeks: the Positive and Negative
Syndrome Scale (PANSS) five-factor model to evaluate psy-
chotic symptoms (Peralta and Cuesta 1994; van der Gaag et al.
2006), the Personal and Social Performance Scale (PSP) to
assess functioning (Garcia-Portilla and Saiz 2011), and the
Clinical Global Impression Scale for Schizophrenia (CGI-
SCH) (Haro et al. 2003).

Higher scores on the PANSS scale indicate more severe
symptoms, higher scores on the PSP scale indicate better so-
cial and personal functioning, and higher scores on the CGI
change scale mean worsening psychotic symptoms. In brief,
clinical changes based on PANSS scale and subscales were
calculated by means of differences between baseline and end-
point PANSS scores (PANSS baseline — PANSS 12 weeks).
Changes in scores of the PSP scale were calculated as differ-
ences between endpoint and baseline scores (PSP
12 weeks — PSP baseline). The CGI scale for schizophrenia
evaluates the severity of psychopathology as well as the de-
gree of change attributable to treatment. For assessing clinical
change after 12 weeks, we used the second component, name-
ly, the improvement scale, which consists of five subscales
(i.e., positive, negative, depressive, cognitive, and global). In
this second component (II), I means very much improved
while 7 means very much worse.

Dose equivalents for antipsychotic drugs at baseline were
expressed in mg/day of olanzapine according to the most re-
cent criteria published by Leucht et al. (2015).

In brief, at the study inclusion, 29 (78.4%) patients were
treated with antipsychotics in monotherapy and 8 (21.6%)
received antipsychotic polytherapy. From the total sample,
23 patients were receiving oral antipsychotics and 14 patients
were treated under long-acting formulations.

Antipsychotic prescription has been described in detail as
follows: 4 patients were treated with clozapine, 12 patients
with risperidone, 3 patients with aripiprazole, 2 patients with
olanzapine, 7 patients with quetiapine, 4 patients with
paliperidone, 8 with paliperidone palmitate, 4 with risperidone
long-acting injection, 1 patient with aripiprazole long-acting
injection, 1 patient with fluphenazine decanoate, and 1 patient
was treated with haloperidol.
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Laboratory

Blood samples for hormone determinations were obtained at
baseline, in the morning before medication was taken.
Samples were sent to the biochemistry laboratory. Serum
levels of FSH, LH, estradiol (E2), and progesterone were de-
termined by means of automated chemiluminescence immu-
noassay using Advia Centaur XP (Siemens Healthcare
Diagnostics, Tarrytown, NY, USA). Testosterone serum levels
were determined by automated chemiluminescence immuno-
assay, Cobas instrument (Roche Diagnostics Ltd.,
Indianapolis, IN, USA).

The FSH/LH ratio was calculated on the recommendation
that using several hormones simultaneously is preferable to
using the levels of single hormones (Sollberger and Ehlert
2016). We calculated this ratio by dividing the concentration
of FSH by the concentration of LH. This index has previously
been considered as an independent predictor of response to
ovarian stimulation and is used to predict in vitro fertilization
outcomes in women of all ages.

Statistical analysis

All data were analyzed by SPSS for Windows (Version 19.9;
SPSS Inc., Chicago, IL, USA). Non-parametric correlation
coefficients were performed to investigate whether psycho-
pathological symptoms varied with baseline hormone serum
levels across the follow-up period. In a further step, the rela-
tionship between changes in the assessment scale and subscale
scores and hormone serum levels was evaluated by using par-
tial correlation analyses. Duration of illness, olanzapine equiv-
alent doses, body mass index (BMI), and smoking served as
covariates. For the FSH/LH ratio, correlation analyses were
performed as recommended by Sollberger and Ehlert (2016),
and the FSH/LH ratio was log-transformed. Given the number
of correlations performed in partial correlational analyses, a
Bonferroni correction was conducted to control for the effect
of multiple testing (Curtin and Schulz 1998).

Results
Socio-demographical characteristics of the entire sample

From the initially recruited sample, 1 patient was lost to fol-
low-up. Mean age at the study inclusion was 63.97
(SD = 7.95), mean cumulative years of disease was 18.39
(14.68), and mean number of past psychotic episodes was
2.86 (2.32). Seventeen patients (45.9%) were single, 7
(18.9%) were married, and 13 (35.1%) were separated/
widowed or divorced. With regards to employment status,
19 (51.4%) were pensioners, 5 (13.5%) were employed, 1
(2.7%) was unemployed, 1 (2.7%) was a family caregiver,

and 11 (29.7%) received government benefits due to
disability.

Sociodemographic and clinical features of the total sample
are presented in Table 1.

Bivariate and partial correlational analyses

Table 2 shows unadjusted and adjusted correlational coeffi-
cients, before Bonferroni correction, between hormone serum
levels, FSH/LH ratio, and mean changes in the assessment
scale and subscale scores at 12 weeks.

Prior to the correction for potential confounding factors,
higher FSH/LH ratios were positively correlated with declin-
ing CGI cognitive scores (p = 0.033) and a trend (p = 0.073)
was found toward a positive association between FSH/LH
ratio and increases in scores of the PANSS positive subscale.
Serum levels of 17-beta-estradiol were negatively correlated
with changes in the CGI total scores (p = 0.025), CGI negative
scores (p = 0.022), and CGI cognitive scores (p = 0.045).
Progesterone levels showed a trend (p = 0.068) toward a
positive association with changes in PANSS depressive
subscale scores.

After adjustment, the FSH/LH ratio was positively corre-
lated with mean changes in PANSS positive scores
(p = 0.030), and there was a positive correlation of the FSH/
LH ratio with worsening in CGI total (p = 0.046) and cogni-
tive scores (p = 0.047). Furthermore, FSH was positively cor-
related with improvement in PANSS positive scores
(p = 0.049). After controlling for potential confounders, tes-
tosterone was positively associated with clinical improve-
ment, particularly with mean changes in PANSS positive
score (p = 0.048) and there was a tendency toward association
with negative scores (p = 0.057).

Given the large number of correlations (72) conducted in
the correlational analyses, a Bonferroni correction (0.05/72)
was applied with a significance level of p < 0.0007. The pre-
vious correlations were no longer statistically significant after
correction for multiple testing.

Table 3 shows partial correlational coefficients and p values
before and after applying the Bonferroni correction.

Discussion

We set out to see whether gonadal hormone levels (FSH, LH,
estradiol, progesterone, testosterone, and the FSH/LH ratio)
would be associated with improvement in specific clinical
domains in postmenopausal women with schizophrenia over
a 12-week treatment period with a new-for-the-person anti-
psychotic medication.

We carried out this prospective observational study with 37
acutely ill participants who had recently received a new anti-
psychotic due to lack of efficacy of the previous one. Before
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Table 1  Characteristics of the total sample (N = 37)

Table 1 (continued)

Variables Mean (SD)/n (%) Variables Mean (SD)/n (%)
Sociodemographics, baseline PANSS positive 12.64 (5.01)
Age, mean (SD) 63.97 (7.95) PANSS negative 11.56 (6.78)
Marital status, n (%) PANSS excitement 13.03 (6.39)
Married/partner 7 (18.9) PANSS depressive 8.42 (3.25)
Separated 2(5.4) PANSS cognitive 7.28 (3.81)
Widowed 9(24.3) PSP total 27.78 (12.37)
Divorced 2(5.4) CGI global severity 2.28 (0.88)
Single 17 (45.9) CGI positive 1.92 (0.65)
Employment status, 7 (%) CGI negative 2.97 (0.91)
Employed 5(13.5) CGI depressive 2.56 (0.1)
Unemployed 1(2.7) CGI cognitive 3.08 (0.91)
Retired 19 (51.4) Concomitant treatments
Disabled 11 (29.7) Antidepressants, n (%) 6 (16.7)
Family caregiver 1(2.7) Psychosocial interventions, n (%) 5(13.9)
Educational level, n (%)
No studies 3(8.1) o ] ]
Primary 12 (32.4) adjusting for pot.ent1a1 (.:onfoundmg faptors (Parente et al.
Secondary 12 (32.4) 2008) (e.g., dure.mon of illness, olanzapine eql.nvalent doses,
Trained 6 (16.2) BMI, and smokllng), W(.e fqund a trend ff)r a h¥g.her F SH/LH
Graduate 4(108) ratio to be assoc.lated with 1r.nprovement in positive psychotic
Clinical, baseline symptoms but in aggre.watlon of ?ognltlve symptoms and
Duration of illness (years), mean (SD) 18.39 (14.68) global symptoms. Partial correlational analyses were per-
. . formed to confirm the association between changes in assess-
Olanzapine equivalent doses (mg), mean (SD) 11.99 (8.97) .
Body mass index, mean (SD) 2534 (3.91) rr?ent scores and }%ormone'serun? l.evels. Afte.r adjusFme?nt,
Cigarettes, mean (SD) 8.38 (14.44) higher FSH{LH raFl.o was still sFatlstlcally associated v.wth im-
PANSS tofal 9532 (16.20) p.rovemgnt in positive psychotic symptoms, suggesting .that
PANSS positive 32,11 (4.99) elthe.r h.1gher FSH an.d/or l(.)\fver LH levels could potentially
PANSS negative 35.76 (7.84) p.redlct 1mpr0vemegt n polsm\./e syrr.lpu.)ms. In other words, a
PANSS excitement 30,14 (5.95) hlgh.er FSH/LH ratio, which is an 1nd1.rect measure of poor
) ovarian function (Lyu et al. 2013), might facilitate the re-
PANSS deprc?s'swe 21.92(3.32) sponse of psychotic symptoms to treatment with antipsy-
PANSS cognitive 2262 (47) chotics. After adjustment, the FSH/LH ratio was also still
PSP total 4573 (1L.14) associated with worsening global psychotic symptoms, and
CGI global severity 3-37(0.80) particularly worsening cognitive symptoms. However, when
CGl positive 6.16 (0.83) p values were corrected for multiple testing by using the
CGI negative 3.32(1.31) Bonferroni correction, all these differences disappeared. The
CGI depressive 3.03 (1.26) FSH/LH ratio was no longer associated with improvement in
CGI cognitive 3.27(1.26) positive symptoms nor with worsening in global psychopa-
Laboratory thology and cognitive symptoms.
FSH (U/L), mean (SD) 67.79 (36.59) Although menopause is characterized by low estradiol
LH (U/L), mean (SD) 23.87 (13.90) levels, differences in hormone serum levels can be found in
17-Beta-estradiol (pg/mL), mean (SD) 16.84 (9.06) schizophrenia at the time of menopause, as hormonal patterns
Progesterone (ng/mL), mean (SD) 0.39(0.27) vary from woman to woman (Seeman 2012). Furthermore,
Testosterone (ng/mL), mean (SD) 2637 (17.20) several studies have reported that the vast majority of patients
FSH/LH ratio, mean (SD) 339 (1.67) who show a reduction in positive symptoms with age suffer
Other hormone factors correspondingly more from negative symptoms, cognitive im-
Age at menopause, mean (SD) 48.19 (4.42) pairment, and depressive symptoms (Colijn et al. 2015) per-
Hormone replacement therapies, n (%) 1@2.7) haps as a side effect of antipsychotic medication. For this

Changes in scales and subscales (N = 36)
PANSS total
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35.58 (15.08)

reason, we tried to correlate hormone serum levels with spe-
cific clinical domains; however, we found no statistically



Do FSH/LH ratio and gonadal hormone levels predict clinical improvement in postmenopausal schizophrenia... 617

Table 2 Relationship between hormone serum levels and changes in assessment scales and subscales before Bonferroni correction

FSH/LH FSH LH 17-Beta-estradiol Progesterone Testosterone

r r r 7 r r r r r r r r
PANSS total 0.130 0.132  —0.009 0.012  —0.079 0.089 —0.045 —-0.093 -0.049 -0.167 0.131 0.305
PANSS positive 0.303 0.385* 0.234 0.351* 0.031 0.120 —0.064  —0.123 0.077 —0.094 0.254 0.417*
PANSS negative 0.054 0.000 0.061 0.126 0.034 0.184 —0.022  —-0.076 0.078 —0.160 0.178 0.403

PANSS excitement —0.307 0.018 0.009 —0.042 0.040
PANSS depressive 0.084 0.190 0.027 0.149 0.026
PANSS cognitive 0.277 0.262 0.071 0.162 —0.067

—0.015 0.061 0.015 —0.022 -0.275 —0.032 0.018
0.068 —0.023 —0.147 0317 0.183 0.119 0.252
0.027 0.070 0.101 0.165 0.005 0.207 0.229

—0.158 -0.374* -0.209 —0.183 —-0.132 —0.037 0.068

—0.065 -0.256 —-0.131 —0.076 —0.044 0.043 0.053

—0.099 —-0382* —-0.204 -0.190 -0.158 —0.189 —0.080

—0.147 -0230 —-0.056 -0.071 —0.015 -0.015 0.084

-0.143  —-0.337% -0210 —0.169 -0.212 -0.229 —0.063

—0.034 0.223 0.078 —0.024 -0.247 -0.071 -0.034

CGI Total 0199  0355%* -0.004 0026 —0.147
CGI positive 0198  0.197 0022 0091 —0.146
CGI negative 0261 0206 —0.102 0010 —0239
CGI depressive 0164  0.186 —-0.093 -0.035 —0.168
CGI cognitive 0357%  0354* -0.083 0038 —0.261
PSP total ~0.152  —0.092 —0.173 -0.054  —0.044
p < 0.05

CGI Clinical Global Impression, PANSS Positive and Negative Syndrome Scale, PSP Personal and Social Performance Scale, » bivariate correlation

coefficient, 7' partial correlation coefficient

significant correlation after correction for multiple testing.
Several potential explanations need discussion.

Menopause is a period of the reproductive life-span where
many changes occur in the pharmacokinetics and pharmaco-
dynamics of all drugs, including antipsychotics (Wolbold et al.
2003; Klotz 2009). The loss of estrogens at the time of men-
opause has an impact on the estrogen-dependent C34 en-
zymes, which play a clinically relevant role in the metabolism
of antipsychotic drugs (Dorne et al. 2003; Wolbold et al. 2003;
Seeman 2012). Several authors have tried to explain the
change that occurs at menopause via these estrogen-
dependent mechanisms and have also speculated that drug
variability at this age is higher for oral drugs than for intra-
muscularly administered long-acting formulations. Oral med-
ications have been found to be less effective after menopause
than depot injections, part of which may be explained by the
polytherapy often necessary at this time period (Quintas et al.
2011; Seeman 2012). In our study, no differences were found
when we looked at the route of administration of the drugs.
Other confounders in this population could be alcohol use,

caffeine consumption, and smoking. Genetic polymorphisms
have also been shown to influence the metabolism of antipsy-
chotic drugs (Lynch et al. 2002; Seeman 2012). At the same
time, several hormones are metabolized through the same
CYP450 enzymes that metabolize antipsychotic drugs, and
the potential drug-drug or drug-hormone interaction might
well influence treatment response. In the present study, we
adjusted our findings for the dose of antipsychotics (e.g.,
olanzapine equivalents), smoking, BMI, and duration of ill-
ness, as these variables have a known impact on the metabo-
lism of antipsychotic drugs, and, therefore, on the clinical
improvement associated with antipsychotics. In our sample,
6 patients received concomitant antidepressants and 5 patients
took part in concomitant psychosocial support treatment. The
vast majority of patients who received antidepressants were
taking citalopram or escitalopram, which are two of the SSRIs
with little interaction with other drugs. Thus, when evaluating
the potential correlation between serum hormonal levels,
FSH, or LH, and clinical improvement in specific symptom-
atic dimensions, we took into account doses of antipsychotics;

Table 3 Correlation between

hormone serum levels and Hormone Symptom dimension Value, r* Value, p Results after Bonferroni
changes in assessment scales and (subscale) correction (p < 0.0007)
subscales after Bonferroni
correction FSH/LH PANSS positive 0.385 0.030 Not significant
Cdl total 0.355 0.046 Not significant
CGI cognitive 0.354 0.047 Not significant
FSH PANSS positive 0.351 0.049 Not significant
Testosterone PANSS positive 0.417 0.048 Not significant

r* partial correlation coefficient
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BMI, which is associated with estradiol levels in postmeno-
pausal women; smoking, highly correlated with antipsychotic
response and improvement in cognitive symptoms; and dura-
tion of illness, as several authors have reported the existence
of age-related changes in pharmacokinetics of many drugs
(Shi and Klotz 2011). Because only a few patients received
antidepressants or other treatments, this was not considered in
our analysis.

At the time of menopause, when the ovarian production of
estrogens decreases, androgen levels assume proportionally
greater prominence (Hall 2015; Gonzalez-Rodriguez et al.
2016). In fact, the main sources of estrogen production in
postmenopausal women are the adrenal gland and adipose
tissue, where aromatase converts testosterone and androstene-
dione into estrogens. In our study, after correction for con-
founding factors, testosterone serum levels were associated
with improved positive symptoms and a trend toward a corre-
lation with negative symptoms after 12 weeks. However,
when adjusting p values for Bonferroni correction, these cor-
relations were again no longer significant. In recent years,
increasing scientific evidence suggests that testosterone may
play a role in the pathophysiology of schizophrenia, and many
authors have reported a correlation between testosterone
levels and cognitive and negative symptoms (Moore et al.
2013; Ji et al. 2015). In fact, the aforementioned authors re-
ported that circulating testosterone serum levels may impact
social functioning in men diagnosed with schizophrenia (but
not in healthy men). On the other hand, Sisek-Sprem et al.
(2015) investigated testosterone levels and clinical features
in a sample of male schizophrenia patients and found that
lower levels of testosterone were associated with greater se-
verity of negative symptoms. With respect to postmenopausal
women with schizophrenia, few studies have correlated clin-
ical improvement with circulating testosterone levels. Ours is
the first study to attempt this. Testosterone levels, as well as
androgens, show a prominence in balance with the decline in
estradiol levels that occur at menopause (Hall 2015).
However, other biological systems may have a role in the
interplay between hormone levels and clinical improvement
in postmenopausal schizophrenia women. As we previously
hypothesized, evidence suggests that women with schizophre-
nia may suffer from a decline in antipsychotic response after
menopause that is potentially explained by the menopause
itself, and the decline in serum concentrations of adrenal an-
drogens (e.g., dehydroepiandrosterone (DHEA), DHEA sul-
fate, and androstenedione) (namely adrenopause), which are
the main precursors of estrogens at the time of menopause
(Gonzalez-Rodriguez et al. 2016). The hypothalamic-
pituitary-gonadal and adrenal systems do not operate indepen-
dently of each other, and the balance of hormones involved in
both systems needs to be further investigated (Sollberger and
Ehlert 2016). Individual hormone levels and the FSH/LH ratio
may need to be studied in conjunction with other hormones.
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For instance, the testosterone/cortisol ratio has been proposed
to indicate a balance between the hypothalamic-pituitary-
gonadal and adrenal axes and to be correlated with aggressive
behavior in psychiatric populations (Sollberger and Ehlert
2016). Interestingly, few studies are focused on ratios includ-
ing dehydroepiandrosterone (DHEA) or its sulfated metabo-
lite (DHEA-S), a fact that would open new lines of research.

In our study, the small convenience sample size limited the
statistical power and thus the possibility of conducting com-
plex multivariate statistical analyses. In addition, this study
did not control for previous treatment although there was a
2-3-week interim cross-tapering period. However, several
strengths should also be considered. We carried out a prospec-
tive observational study where treatment was determined
purely on the basis of clinical need, focusing on postmeno-
pausal schizophrenia women. Further, we controlled our find-
ings for multiple testing by using the Bonferroni correction of
p values. Despite the negative finding on correction, our work
retains several strengths. This is the first study to investigate
the correlation between FSH and LH ratios and clinical im-
provement in postmenopausal women with schizophrenia, an
understudied population. Although we found no correlation
between this ratio and clinical improvement, our study opens
new avenues of research into the correlation of hormones and
clinical status (Hopewell et al. 2009). The inclusion of the
FSH/LH ratio is a first step toward the study of multiple hor-
mones in conjunction with one another. Although there were
no statistically significant correlations, for further studies, we
recommend the investigation of hypothalamic-pituitary-
adrenal and gonadal hormones in relation to each other and
to design collaborative studies because this population is a
difficult one to recruit.

Conclusions

Gonadal hormone levels, FSH, LH, and the FSH/LH ratio,
an index of poor ovarian response and, therefore, of repro-
ductive aging, were not found to be associated with 12-
week clinical improvement in any of the symptom domains
of postmenopausal women with schizophrenia. The
hypothalamic-pituitary-adrenal system, functionally de-
clining at adrenopause, may play a role at this age. For this
reason, the link between steroid and gonadal hormones and
clinical improvement with antipsychotic treatment bears
further investigation.
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6-DISCUSSIO

Resultats principals

La present tesi doctoral expandeix el coneixemebtesles variables cliniques,
reproductives i hormonals implicades en la respoatdipsicotica en dones
postmenopausiques amb esquizofrénia, i obre ndwiss lde recerca centrades en
I'associacié entre els sistemes hipotalamic-pitiséidrenal i gonadal i la resposta

antipsicotica en aquesta poblacio.

L’estudi 1 identifica el temps transcorregut dedadenenopausa com a variable
associada a la resposta antipsicotica global enesdgpmostmenopausiques amb
esquizofrenia, suggerint qgue un temps perllongatdi#ela menopausa s’associa a una

pitjor resposta antipsicotica en aquestes dongs (62

L’estudi 2 investiga, per primera vegada, la cacil entre la ratio FSH/LH, els
nivells de FSH, LH i d’hormones gonadals, amb ldlard clinica associada als
antipsicotics en dones postmenopausiques amb esguia. Malgrat no es van trobar
associacions estadisticament significatives, l@isPupresenta resultats que recomanen
la investigacio de l'associacié entre ratios d’homes gonadals i adrenals, com a
potencials biomarcadors de la resposta antips&c@icdones postmenopausiques amb

esquizofrenia (63).
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Variables cliniques i reproductives que influenciena resposta antipsicotica

Recentment, assajos clinics a doble cec randomitpatrolats amb placebo han
investigat la resposta antipsicotica en pacientsb aesquizofréenia que rebien
paliperidona oral en comparacid amb pacients tscmb placebo. Els autors van
trobar que la persisténcia de la resposta antifisicera assolida després del tractament
amb antipsicotics al menys durant dues setmanggesnt que en alguns casos, els
antipsicotics han de mantenir-se durant diverseaasees (64). D’altra banda, alguns
estudis reporten que les dones amb esquizofrengr@mouna resposta clinica més
rapida i requereixen dosis més baixes d’antipsis@n comparacié amb els homes (27,
65). Un revisié recent destaca que les dones assoleamb més frequéncia una
remissié complerta en el primer episodi d’esquiaifn respecte als homes (66), pero
guan ens centrem en dones postmenopausiques amizofsmia, la majoria dels
estudis reporten que les dones premenopausiqueenpea una millor resposta
antipsicotica comparat amb les dones postmenop#ssiq sovint requereixen dosis
més baixes d’antipsicotics (2). D’altra banda, destacar que al tenir en compte la
reserva ovarica fol.licular en les dones, el fet tgs dones responguin més rapid que
els homes ha de ser interpretat amb cautela, dpraies dones postmenopausiques
presentarien un patrd de resposta antipsicotieetf, i potser un temps més tarda de
resposta a antipsicotics. Per aquest motiu, ernutlesl vam examinar la resposta
antipsicotica a les 12 setmanes mitjancant un mjsgeospectiu observacional que
inclou dones postmenopausiques amb esquizofréearat djue la majoria dels estudis
reporten taxes de resposta antipsicotica inferemsdones postmenopausiques en
comparacio amb les dones premenopausiques (2).
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En la nostra mostra, vam trobar una resposta #otis, definida com una
reduccid del 30% o més en la puntuacio total dectita PANSS, del 66% de les dones
postmenopausiques amb esquizofrénia; i per tangsnea trobar resposta en el 34%
dels casos. A data davui, no hi ha estudis quesstiguin la taxa de resposta
antipsicotica a les 12 setmanes de seguiment emesdpostmenopausiques amb
esquizofrenia. Malgrat aixo, gran part de la litera s’ha focalitzat en les diferencies de
génere en la resposta antipsicotica en esquizafreRn particular, Smith i
col.laboradors van revisar els factors biologicsocioculturals que contribueixen a
explicar les diferencies en la resposta antipgsiadéintre dones i homes (66). Un dels
estudis més representatius que investiga aquestdi@iva ser dut a terme per Usall i
col.laboradors mitjangant un disseny prospectiuea ainys de seguiment (30). Els
autors varen trobar que les dones mostraven upast@santipsicotica més rapida que
els homes i unes taxes de remissio total més adsv@rk la mateixa manera, Goldstein
i el seu equip van investigar les diferéencies emtomes i homes en la resposta
antipsicotica a olanzapina en comparacié amb hatige(36). Una vegada més, les
dones presentaven una millor resposta antipsicoéispecte als homes, i al tenir en
compte el periode de la menopausa, les dones popadugsiques presentaven una millor
resposta en comparaci6 amb les dones postmenopasisiiquestes troballes
contrasten amb els resultats reportats per Pin&l seu equip que no van trobar
diferencies significatives en la resposta antiggiacentre dones i homes, en una mostra
de petit tamany que va incloure 44 pacients amhiiesfiénia (67). D’altra banda,
Crespo-Facorro i col.laboradors van trobar queegk sno era un predictor clinic de
resposta antipsicotica, essent el 59.6% dels resjpos homes i un 40.4% dones (68).
En resum, sén escassos els estudis que reporesdaxesposta antipsicotica tenint en

compte el sexe o el periode de la menopausa.
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No vam trobar diferéncies estadisticament siggtifies entre respondedores i
no responedores en relacioé a I'edat d’inclusiéeatlidi, variables sociodemografiques,
dosis actuals d’antipsicotics expressades en dguigad’olanzapina, o en d’altres
variables cliniques. A més, ambdés grups no varidén edat de la menarquia, edat de
la menopausa o0 en I'exposicié acumulada als esigdgellarg de la vida. Aquestes
troballes semblarien estar en contrast amb la édpdte la proteccidé estrogénica de
I'esquizofrenia (2,3) que hauria predit una potaheissociacié entre una baixa dosi
antipsicotica requerida o exposicié perllongadaeasitsogens al llarg de la vida, i la
resposta antipsicotica. Malgrat aix0, vam trobarresultat interessant. El grup de
pacients responedores es trobava més proximaat tedla menopausa que el grup de
no responedores. En d’altres paraules, les donssnpoopausiques no responedores
presentaven un periode més perllongat des de lapaasa en comparacié amb les

responedores.

Previ a la correccié per factors confusors, enctamaparacions univariants, les
dones responedores a antipsicotics van mostrau@aciohs basals més elevades en la
subescala d’excitacio de la PANSS. Contrariametialaans esmentat, Robinson i
col.laboradors van trobar que la desorganitzacidalbamo es trobava relacionada
significativament amb la resposta antipsicoticgpoes d’'un any de seguiment (69). No
obstant aix0, en linia amb els nostres resultatssgo-Facorro i el seu equip van trobar
que la severitat a nivell basal en psicopatologiaegal, positiva i en simptomes propis
de la desorganitzaci6 es va associar a una midlepasta antipsicotica, pero van
emfatitzar que les diferencies psicopatologiquesalsa entre responedors i no

responedors estarien mediades per d’'altres vasi{b8).
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En un seguent pas, a I'estudi 1 vam incloure carovariables en els posteriors
analisis multivariants el tabaquisme, I'lMC, exmigiacumulada a estrogens al llarg de
la vida, dosis actuals d’antipsicotics expressate®quivalents d’olanzapina i temps
transcorregut des de la menopausa. Després dizaealh model de regressio logistica
binaria, el temps transcorregut des de la menopaasaesultar ser un predictor
significatiu de la resposta antipsicotica globapleant gairebé el 42% de la variancia
del model. Aquest resultat suggereix que les dopestmenopausiques amb
esquizofrenia poden experimentar un decliu progress la resposta antipsicotica que
és potencialment explicat per la menopausa i leesseequieles i I'adrenopausa i les
seves sequeles. La menopausa es defineix com wmadat permanent en les
menstruacions de com a minim 12 mesos (70,71gdidhopausa és el concepte que es
doéna a un decliu significatiu en les concentracis@gques dels androgens adrenals
(p.ex. dehidroepiandrosterona [DHEA], DHEA sulfat androstendiona] (72-74),
considerats els principals precursors (a més dategens derivats del teixit adipds)
dels estrogens després de la menopausa. Aquesteslds estan en linea amb la
hipotesi que els estrogens confereixen protecciesquizofrénia per mitja d’efectes
directes o indirectes (75). Breument, cal destapar els efectes de les hormones
sexuals en l'esquizofrénia han estat ampliamenidithv en efectes organitzatius i
activacionals (65). Els efectes organizatius sugeeedurant la vida fetal i poden
implicar receptors estrogénics intranuclears queerteun impacte en I'expressio de
proteines i, per tant, en l'estructura i funciorerebrals. Malgrat aixo, el decliu
progressiu en la resposta antipsicotica en donssnemopausiques amb esquizofrénia
que trobem a l'estudi 1 s’explicaria millor pelseeties activacionals dels estrogens
(15,65,76,77). Aquesta hipotesi recolca la ideaais@strogens tenen multiples accions

en la funcié dopaminergica estriatal; per exemiplerementen la densitat del receptor
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dopaminergic D2 en rates i tenen un efecte antiisien humans. Després de la
menopausa, quan els estrogens disminueixen, adgfestes activacionals i per tant la
proteccid que aquests confereixen es perdria,uetpgdria explicar les taxes baixes de

resposta antipsicotica que es presenten a la mes@§2).

Una explicacio plausible per I'empitjorament cligjae s’observa després de la
menopausa és que la disfuncié de I'eix hipotalpitigitari-adrenal que acompanya al
procés d’envelliment (adrenopausa i menopausa) §g2esponsable del decliu en la
resposta antipsicotica en dones postmenopausigues esquizofrénia. En d'altres
paraules, per exemple, el decliu amb l'edat delelisi de DHEA, considerat
principalment una disfuncié6 complexa en I'eix hgdémic-pituitari-adrenal, sumat al
procés de la menopausa, tindrien ambdds processmsinfiluencia negativa en la
resposta antipsicotica en dones postmenopausigmds esquizofrenia. DHEA i
estradiol mostren un pic a la década dels 20 apgsteriorment disminueixen de forma

gradual amb l'edat.

Posteriorment, a I'estudi 1 vam realitzar analigsregressio lineal incloent els
canvis en les puntuacions de les escales i sulescailitzades com a variables
depenents i les covariables esmentades a I'antn@lisi com a potencials predictors,
amb l'objectiu principal d’investigar I'associaciéntre la resposta antipsicotica en
dominis simptomatics especifics i variables cliesjw reproductives. Vam trobar que
un consum més elevat de nicotina i una menor egigoaiestrogens al llarg de la vida
s’associaven a una millora clinica en simptomesinegy explicant vora el 27% de la
variancia del model. Aquestes troballes estan efinia amb alguns treballs que
reporten que el tabaquisme estaria associat a anarrseveritat en simptomes negatius

(79,80). A més, I'associacio entre una menor exjds estrogens al llarg de la vida i
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menys simptomes negatius s’explicaria pel fet duabaquisme s’associa a un retard

en l'inici del trastorn (80) i una edat de la meaoga més primerenca (42).

Un consum de nicotina més elevat i un periode raég tles de l'inici de la
menopausa es van associar també amb la milloraargriomes d’excitacio de I'escala
PANSS, explicant gairebé el 35% de la variancanaaiiel, resultat que esta en linia
amb estudis previs d’esquizofrenia en edat avang2istarsos autors han trobat que els
pacients amb esquizofrénia presenten una millorsiraptomes positius i un decliu en

I'agressivitat a mesura que envelleixen (81).

D’altra banda, en I'estudi 1, els models de regoekseal van revel.lar que el
tabaquisme s’associava feblement amb la respospsiantica en simptomes depressiu
i cognitius. En congruencia amb aquests resultditerses linies de recerca s’han

centrat en I'estudi del potencial rol dels receptuicotinics en I'esquizofrénia (82,83).

En conclusid, els resultats exposats a l'estudiudgereixen que variables
cliniques i/o reproductives com el temps transgutrales de la menopausa estarien
associades a la resposta antipsicotica en donésmgrogoausiques amb esquizofrénia,
oferint predictors de resposta en aquestes pobisciger tant, emfatitzant la necessitat

d’un tractament personalitzat basat en el genézdat reproductiva.

73



Variables hormonals associades a la resposta antipgtica

La hipotesi de la proteccié estrogénica de I'esmfuénia déna suport a les
diferéncies de génere en l'edat d’inici del trastola resposta antipsicotica i la
vulnerabilitat biologica per a les exacerbacions@igues en aquests pacients (21,84).
D’altra banda, cal destacar que els nivells elegtat&SH han estat considerats com un
marcador biologic de la pérdua de funcié ovarical@mes, i s’han associat a una pobra
resposta ovarica en qualsevol edat en qué aquestideeeix (44). A data d’avui, al
nostre coneixement, pocs estudis han investigatcégmment la relacié entre FSH,
LH, la ratio FSH/LH i d'altres hormones gonadalsbata resposta antipsicotica en

dones postmenopausiques, que han presentat uriadawen els nivells d’estrogens.

Pel que fa a la caracteritzacidé biologica de lgposta antipsicotica en dones
postmenopausiques amb esquizofrenia, en l'estudiai® investigar la potencial
associacio entre els nivells serics d’hormones daisaFSH, LH, la ratio FSH/LH i la
resposta antipsicotica global, i es va determinalssnivells hormonals correlacionaven
amb els canvis en les diferents dimensions psiotjgatues en I'esquizofrenia a les 12
setmanes de seguiment. Els resultats van ser taistper la durada del trastorn, la dosi
d’antipsicotic expressada de nou en equivalentianbapina, I'lMC i el tabaquisme,
donat que aquestes variables han estat associadetaaesposta antipsicotica en la

menopausa en estudis previs (9, 42).

En l'estudi 2 es va trobar una tendéncia en l'eisstd entre una ratio FSH/LH
elevada i un increment en la millora en simptonsegpics positius, i amb una pobra

resposta en simptomes cognitius. Malgrat la mersapagés un procés biologic
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caracteritzat per nivells baixos d’estradiol, sbwWnobem diferencies en els nivells sérics
hormonals en I'esquizofrénia a la menopausa, dquatels patrons hormonals varien
de dona en dona (2,3). En un segon pas, es vatzaeanalisis de correlacio parcial
per confirmar I'associacio entre els canvis empl@stuacions de les escales i subescales
cliniques i els nivells sérics hormonals. Despresahtrolar els resultats per potencials
factors confusors, un augment en la ratio FSH/LHWa&sssociar estadisticament amb
una millora en simptomes psicotics positius mesupar la subescala positiva de la
PANSS, suggerint que nivells elevats de FSH i/@lfs\baixos de LH s’associen a una
millor resposta en simptomes positius. En d’alpasaules, una ratio FSH/LH elevada,
que és una mesura indirecta de la funcié ovari@y (éacilitaria la millora clinica en
simptomes psicotics associada al tractament anijpsendttics. A I'ajustar els resultats
per variables confusores, la ratio FSH/LH es vab@as a un empitjorament en
simptomes psicotics globals, i particularment a empitjorament en simptomes
psicotics cognitius mesurats per I'escala CGIl. Akjestudis han observat que la
majoria dels pacients que mostren una reducciéimptemes positius amb l'edat
presenten paral.lelament una major severitat erptsimes negatius, deteriorament
cognitiu i simptomes depressius (85). No obstarbd,aal corregir els valors p per
I'efecte de les multiples comparacions, mitjandantorreccio de Bonferroni, la ratio
FSH/LH no es va associar a la millora en simptopuestius, ni a 'empitjorament en

simptomes psicotics globals ni cognitius.

A la menopausa, quan la produccié ovarica d’estregaecreix, els nivells
d’androgens assumeixen un major protagonisme (9,Dlfet, les principals fonts de
produccio d’estrogens a la menopausa son el tadkienal i adipds, on un enzim

anomenat aromatasa converteix la testosteronandrbstendiona en estrogens. En
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I'estudi 2, els nivells serics de testosteronaa@s associar a una millora en la resposta
antipsicotica a les 12 setmanes, particularmensigmptomes positius. També es va
trobar una tendencia a correlacionar-se els nieédigats de testosterona amb millora en
simptomes negatius. No obstant aix0, després tBajets valors p per la correccié de
Bonferroni, aquestes correlacions no van ser estealinent significatives. Recentment,
una elevada evidéencia cientifica suggereix quedtosterona presenta un paper en la
fisiopatologia de I'esquizofrénia, i alguns autbemn trobat una correlacioé entre nivells
de testosterona i simptomes cognitius i negati@=8{8. De fet, els autors préviament
mencionats reporten que els nivells sérics dedtstina circulant tenen un impacte en
el funcionament dels homes amb esquizofrénia (ndianes sans). D’altra banda,
Sisek-Sprem i col.laboradors van estudiar els Isvale testosterona i les
caracteristiques clinigues en una mostra de paclarnes amb esquizofrenia, i van
trobar que nivells baixos de testosterona s’asgeciaamb una major severitat en
simptomes negatius (88). Respecte a les dones gugp@ausiques amb esquizofrénia,
és escassa l'evidéncia d'una associacio entre Roraniclinica i els nivells de
testosterona. L'estudi 2 és el primer en intentdtudidar aquesta relacié, i en
concloure que altres sistemes biologics, hormonas hormonals, han de tenir un
paper rellevant en la interaccié entre els nivietlemonals i la resposta antipsicotica en

dones postmenopausiques amb esquizofrénia.
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Connectant els resultats: que ens mostra aquestastaloctoral?

La FDA defineix un biomarcador com una caractexdstiue és objectivament
mesurable i avaluada com un indicador de procebgiégics normals, processos
patogéenics o respostes farmacologiques a una amteily terapéutica (89). L'evidéncia
cientifica actual suggereix que la definici6 dentéocador pels trastorns psiquiatrics
incrementa el potencial de resposta a una graetatuwde farmacoterapies i millora els
estudis que es focalitzen en el desenvolupamentedmies efectives en aquests
trastorns a través de la validacié de mesures tged I'estratificacio dels pacients en

funcié d’aquests marcadors (90,91).

Donats els resultats de la present tesi doctosalaénable concloure que cal
dil.lucidar el paper especific de la menopausa adrénopausa en la resposta
antipsicotica en dones amb esquizofrenia, i ingastipossibles biomarcadors de
resposta farmacologica en aquestes poblacions. drea cde nous biomarcadors
hormonals i neurohormonals en la resposta teraj@eeti esquizofrenia €s un dels grans

desafiaments de la recerca en psiquiatria (90,91).

La menopausa €s un periode de la vida reprodudévia dona on succeeixen
molts canvis en la farmacocinetica i farmacodinadealiversos farmacs (2, 4, 92, 93).
La perdua dels estrogens té un impacte en els srimypatics C34 estrogen-depenents,
gue tenen un paper rellevant en el metabolisme atglpsicotics (2, 4, 94). Alguns
autors han tractat d’explicar aquests canvis quareaen a la menopausa i han
especulat que la variabilitat en la resposta erestgs edats és meés elevada pels

antipsicotics orals respecte les formulacions degdl durada (4, 95-97). A més, s’ha
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formulat la hipotesi que les medicacions orals tmamstrat ser menys efectives després
de la menopausa que els antipsicotics injectaldelfaca durada, explicant-se agquest
fet parcialment per la necessitat de politerapiadgrest periode de temps. En l'estudi 1
i 2 no vam trobar diferéencies estadisticament Bagtives en la resposta antipsicotica

global al tenir en compte la via d’administraciaaliests farmacs.

L'evidencia que aporta I'estudi 1 suggereix que diwnes amb esquizofrénia
presenten un decliu en la resposta antipsicotiaareenopausa, procés biologic normal i
universal, que pot ser potencialment explicada laedisminucié dels estrogens en
aquest periode, i alhora per la davallada posteroles concentracions seriques dels
androgens adrenals (62), que sén precursors defgyess durant la menopausa (44).
Aquest decliu progressiu en la resposta assocmtnalells reduits d’estrogens,
particularment s’explicaria per I'efecte activa@brdels estrogens (4,65,76,77), que
tenen multiples accions sobre la funcié dopamirargistriatal, augmentant la densitat
de receptors dopaminergics 2 en ratolins i presemfectes antipsicotics en humans.
Després de la menopausa, els efectes activaciesadueixen considerablement, i per

tant, la protecci6 conferida pels estrogens es. perd

En l'estudi 2, seguint els resultats de I'estudvdm tractar de correlacionar els
nivells serics d’hormones gonadals, com estradestosterona, progesterona, i FSH i
LH amb la millora clinica associada a antipsicogosdones postmenopausiques amb
esquizofrenia (98). No es van trobar correlaciogsificatives entre nivells hormonals i
millora clinica en aquestes pacients, fet que sweigpgede nou que el sistema
hipotalamic-pituitari-adrenal prén un paper impotten aquestes edats (44,63).
L’anomenada adrenopausa, davallada en nivells whiboes adrenals, que es déna en

els processos d’envelliment, és més acusada exrietp de la menopausa.
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La present tesi doctoral emfatitza la necessi@npliar la recerca en aquest
ambit, i identificar biomarcadors hormonals, gonsda adrenals (o la ratio entre
ambdds sistemes) per tal d'incrementar la resgpastantipsicotics, i aprofundir en el
desenvolupament de terapies efectives mitjancasirétificacio dels pacients en funcio
d’aquests marcadors. A la menopausa, hem identifloa subgrups de dones amb
esquizofrenia que presenten algunes caracteristidiferencials. La contribucié de la
cerca dels biomarcadors de resposta farmacologiaeestes poblacié podria alhora

estimular la recerca en les hipotesis etiopatogesigle I'esquizofrénia.
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7-LIMITACIONS | FORTALESES

Algunes limitacions i fortaleses han de ser tirggucen compte a I'hora

d’interpretar els resultats de la present tesiatatt

Pel que fa a I'estudi 1, una de les seves pringiji@itacions és el petit tamany
de la mostra que podria haver limitat el poderdistee. Malgrat aixo, d’acord amb el
nostre coneixement, lI'estudi 1 és el primer trelggié investiga especificament, en
dones postmenopausiques amb esquizofrénia, laendla de I'exposicid acumulada
dels estrogens al llarg de la vida i el periodedtarregut des de la menopausa en la
resposta antipsicotica. Per tant, es tracta de Himepa mostra de dones
postmenopausiques amb esquizofrenia en la queidiestaquestes variables cliniques

i reproductives associades a la resposta terapeutic

A més del tamany de la mostra, en I'estudi 1, aiddi la mostra en dos grups
(responedores, no responedores), les submostregresantar també un tamany petit.
Malgrat aix0, la caracteritzacié de dos subgrupgat@ents dones postmenopausiques
amb esquizofrenia suposa una fortalesa de l'estudionat que per primera vegada,
s’identifiquen dos fenotips de resposta en aquekiass. La majoria dels estudis tant
sols reporten que les dones postmenopausiquestarama pitjor resposta clinica en
comparacio a les dones premenopausiques, peroracterdzen subgrups de resposta

en poblacié postmenopausica (2,36,37).

Les pacients incloses a l'estudi 1 i 2 no van rebremateix tractament
antipsicotic, fet que suposaria una limitacio metodica. No obstant aixo, totes les

pacients que van participar en els estudis 1 i kebre dosis d’antipsicotics
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comparables, i I'eleccié del tractament antipsic@s va realitzar d’acord a criteris
purament clinics. Aixo significa que el tractameatser prescrit pels clinics a carrec de
les pacients i no pas pels investigadors, ja quksseeny de I'estudi fou observacional i
basat en la practica clinica diaria. En els estpidisentats, 1 i 2, malgrat no es va poder
controlar I'efecte del tractament antipsicotic pres va realitzar un periode deoss-
tapering de 2-3 setmanes en que el farmac inefica¢c esdudrrees va reintroduir el
farmac nou. Aquest fet, malgrat ser una limita@d’dstudi, suposa també una fortalesa

donat que reflexa la practica clinica diaria.

Una de les fortaleses de I'estudi 1 és que la d@ile resposta antipsicotica
emprada fou una reduccié del 30% o0 més en la pcidtuatal de I'escala PANSS.
Aquest criteri és congruent amb les recomanaciecents de Leucht (99) que suggereix
que la resposta antipsicotica definida per un plentall en una escala psicométrica en
pacients amb esquizofrenia cronica ha de ser nrespecte els pacients amb un primer
episodi d’esquizofrénia, essent recomanat pelseguanun percentatge al voltant del

25% i pel darrer grup un 50%.

Respecte a I'estudi 2, una de les principals licitas va ser el petit tamany de
la mostra. Malgrat aixo0, cal destacar que es M#zati per primera vegada la ratio
FSH/LH per a investigar la seva associacio amb fdoma clinica en dones
postmenopausiques amb esquizofrenia, seguint g&ri€rrecentment proposats per
Sollberger i Ehlert (60). Els autors recomanen kl&s coeficients de correlacido no
parametrics en la cerca de l'associacio d’'una exive dues variables amb una tercera
variable. En l'estudi 2, vam seguir aquestes recamians. D’altra banda, aquelles

variables que no van presentar una distribuci6 abrivan ser transformades
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logaritmicament abans de procedir a les analistadestiques, tal i com també

recomanen els autors.

Malgrat el petit tamany de la mostra en I'estudi [2s multiples comparacions
gue es van realitzar, els nostres resultats vanjgstats per la correccié de Bonferroni
dels valors-p. En I'estudi 2 no es van trobar dagiens estadisticament significatives
entre els nivells d’hormones gonadals, FSH, LHanrdtio FSH/LH, amb la millora
clinica associada a la resposta antipsicotica. biktant aix0, s’obren noves linies de
recerca centrades en la correlacié d’hormones stdte psicopatologic en dones
postmenopausiques amb esquizofrénia. La presanddetoral emfatitza la necessitat
de realitzar estudis que investiguin la relacioreerdls sistemes hipotalamic-pituitari
adrenal i gonadal, i la seva associaci6 amb laostapantipsicotica en dones amb

esquizofrenia en el periode la menopausa.
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8-CONCLUSIONS

1. El temps transcorregut des de la menopausaosiassegativament amb la resposta
antipsicotica global en dones postmenopausiquesemiizofrenia, fet que suggereix

un decliu en la resposta antipsicotica despréa deehopausa.

2. En el periode de la menopausa es podrien igemtiflos subgrups de dones amb
esquizofrenia. D’'una banda, un grup de pacientporesiores a antipsicotics i que
presentarien una edat més propera a la menopaigtraanda, un segon grup de
dones amb esquizofrénia que no mostrarien res@ostatipsicotics, associant-se la
manca de resposta a un periode de temps transaoaleg de la menopausa més

perllongat.

3. La disfuncié en l'eix hipotalamic-pituitari-ash@ que acompanya als processos
d’envelliment (adrenopausa i menopausa) podritasesponsable de la davallada en la
resposta antipsicotica en dones postmenopausiguieesquizofrénia; les quals d’altra

banda ja presenten una menor resposta antipsiceticaomparacio amb les dones

premenopausiques amb esquizofrenia.

4. Una ratio FSH/LH elevada, ampliament descrita @un index d’escassa resposta
ovarica, i per tant d’edat reproductiva, no s’ass@cla resposta antipsicotica en dones

postmenopausiques amb esquizofrénia.

5. Els nivells serics d’hormones gonadals, FSH j héles correlacionen amb la millora
clinica associada al tractament antipsicotic, gndmales dimensions cliniques, en dones

postmenopausiques amb esquizofrénia.
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6. Malgrat no es troba correlacio entre la ratitHRS$! i/o hormones gonadals amb la
resposta antipsicotica en dones postmenopausigquieesquizofrenia, els estudis 1 i 2
obren noves linies de recerca en la correlaciordibaes i millora clinica en aquestes

pacients.

7. Els sistemes hipotalamic-pituitari-adrenal i a@ge no funcionen de forma
independent I'un de Il'altre. Per aquest motiu,dtor o la relacié entre les hormones
d’ambdés sistemes i la resposta antipsicotica aregsigpostmenopausiques ha de ser

investigada en futur estudis.

8. L’estudi de les bases neurobiologiques de lposta antipsicotica en I'esquizofrenia
hauria d’incloure el paper dels receptors estragenireceptors d’altres hormones de

I'eix adrenal i gonadal.
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ABC

CGl

5-HT1A

5-HT2A

D2

DSM-IV-TR

DUP

E2

EQ-VAS

FDA

FSH

HPLC/DAD

IMC

IMS

LH

9-ACRONIMS | ABREVIACIONS

Age, Beginning, Course

Escala d’Impressié Clinica Global
Receptors 5-hidroxitriptamina 1A
Receptors 5-hidroxitriptamina 1A
Receptors D2 de dopamina

Manual Diagnostic i Estadistic dels Trastorns Misnta

quarta edicio revisada.

Duraci6 de la Psicosi no Tractada

Estradiol

Escala Visual Analogica de Qualitat de Vida
Food and Drug Administration

Hormona Estimulant del Folelicle
Cromatografia Liquida d’Alta Resolucio
index de Massa Corporal

Societat International de la Menopausa

Hormona Luteostimulant
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NEDES

9-OH-R

PANSS

PSP

SCID-I

SHBG

SOHO

The Assessment Research Group in Schizophrenia

9-hidroxi-risperidona

Escala de les Sindromes Positiva i Negativa

Escala de Funcionament Personal i Social

Entrevista Clinica Estructurada pels Trastorns Bix I

del DSM-IV

Globulina Lligada a Hormones Sexuals

Schizophrenia Outpatient Health Outcomes
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