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La depresion mayor es una enfermedad con elevado riesgo de recurrencia y una respuesta al
tratamiento no siempre satisfactoria, que asocia grandes tasas de discapacidad, deterioro
psicosocial, morbimortalidad y elevados costes sanitarios. Algunas evidencias sefialan que los
cambios cerebrales que tienen lugar durante los propios episodios depresivos podrian dejar
trazas residuales que aumentaran progresivamente el riesgo de refractariedad y la vulnerabilidad
a sufrir nuevas recaidas. En las ltimas décadas, el desatrollo e implantacion de diversas técnicas
de neuroimagen aplicadas a investigaciéon han permitido desgranar al menos parte de las
anomalfas neuroanatémicas y funcionales subyacentes en depresion, aunque las alteraciones
relacionadas con el curso evolutivo han sido menos exploradas. El objetivo del presente
trabajo de tesis ha sido el de ampliar el conocimiento en torno al sustrato neural relacionado
con los procesos de recurrencia y cronicidad, es decir aquellas anomalfas identificables mediante
técnicas de neuroimagen que se asociarfan a la recaida o al fracaso del tratamiento, incluso
aquellas que podrian acumularse a lo largo del curso de la enfermedad impidiendo la
recuperacion clinica. En particular, las dos técnicas en las que se centran los estudios
presentados son la Espectroscopia y ¢l Tensor de Difusion por Resonancia Magnética
Nuclear (RMN).

La tesis se estructura en tres articulos publicados en revistas internacionales indexadas en las
bases de datos cientificas mas populares. Los dos primeros evalian las alteraciones de la
neuroquimica celular asociadas a la refractariedad y a la historia de recurrencias en la Corteza
Prefrontal ventromedial (CPFvm) ¢ Hipocampo, dos areas claves en la fisiopatologia de los
trastornos afectivos y sensibles a los efectos potencialmente perniciosos del estrés cronico. El
tercer trabajo evalda las alteraciones en la microestructura de sustancia blanca en los circuitos
cortico-corticales y cortico-subcorticales, incluyendo la conectividad fronto-limbica.

Los estudios, basados en muestras representativas de un amplio espectro de gravedad de la
enfermedad, constatan alteraciones de los niveles de glutamato-glutamina y otros metabolitos
en CPFvm e Hipocampo y anormalidades generalizadas de la microestructura de sustancia
blanca en los pacientes depresivos claramente sobrerrepresentadas entre aquellos con peor
respuesta clinica, antecedentes de mas episodios previos o mayor duracion de enfermedad.
Estos hallazgos son altamente sugestivos del potencial neurotéxico de los estados depresivos y
justifican la puesta en marcha de estudios longitudinales que confirmen la posible progresion de
estos marcadores en subgrupos de pacientes de peor prondstico a lo largo del curso de la
enfermedad.
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“Tristeza ndao tem fim, felicidade sim”

En A Felicidade, de Antonio Carlos Jobim y Vinicious de Moraes.

“Y aunque parezca mentira, tu corazon va a sanar,

va a sanar y va a volver a quebrarse mientras le toque pulsar”

En Sanar, de Jorge Drexler.
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Listado de Abreviaturas

ACC = Corteza cingulada anterior

BDNF = Factor neurotréfico derivado del cerebro

Cho = Colina y compuestos derivados

CPF = Corteza prefrontal

CPFvm = Corteza prefrontal ventromedial

CREB = cyclic-AMP-response-element-binding protein

CRH = hormona liberadora de corticotropina

DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, 42 versidon
DTI = Tensor de difusidn por Resonancia Magnética Nuclear
FA = Anisotropia fraccional

GABA = Acido Gamma-Aminobutirico

GIn = Glutamina

Glu = Glutamato

Glx = Glu/GIn o Glutamato + Glutamina

HAMD = Escala para la evaluacion de la depresion de Hamilton
MRS = Espectroscopia por Resonancia Magnética Nuclear
NAA = N-Acetil-Aspartato

NMDA = N-metil-D-Aspartato

PET = Tomografia por emision de positrones

RMN = Resonancia Magnética Nuclear

ROI = Regidn de interés

TBSS = Tracted-based spatial statistics

TEC = Terapia electro-convulsiva

VBM = Voxel-based morphometry
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PROLOGO

Este trabajo de tesis se presenta para obtener el grado de Doctor en Psiquiatria y Psicologia
Clinica por la Universitat Autonoma de Barcelona. Es el resultado del trabajo realizado entre
los afios 2009 y 2013 como adjunto del Servicio de Psiquiatria del Hospital de la Santa Creu i
Sant Pau, investigador predoctoral del Institut d’Investigacié Biomeédica Sant Pau e

investigador adscrito al Centro de Investigacién Biomédica en Red de Salud Mental, CIBERSAM.

Esta tesis ha sido parcialmente financiada por el proyecto Pl 10/00372 del Fondo de
Investigaciones Sanitarias del Instituto de Salud Carlos IIl (ISCllI) y mediante un contrato de
formacién en investigacion Rio Hortega del ISCIll, con ayuda del Institut d’Investigacié
Biomeédica Sant Pau y el Centro de Investigacion Biomédica en Red de Salud Mental

(CIBERSAM).

Se ha elaborado de acuerdo a los requisitos establecidos por la Universitat Autonoma
de Barcelona para la presentacién de tesis por compendio de publicaciones y esta formada
por tres articulos publicados en revistas internacionales de reconocido prestigio, indexadas en
las principales bases de datos cientificas. Ademas, se adjunta como anexo otro articulo
realizado con anterioridad que sirvi6 como estimulo y punto de partida para el enfoque del

problema y posterior diseiio y desarrollo del presente trabajo de tesis.

Los resultados de estos estudios han sido también difundidos en diversos congresos

nacionales e internacionales, en forma de pdsteres y/o comunicaciones orales.
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INTRODUCCION

La depresion mayor es uno de los trastornos mentales mds frecuentes que, sélo en
Espafia, afecta a mas de 6 millones de personas (Alonso et al., 2004b). Segun el European
Study of the Epidemiology of Mental Disorders, realizado en nuestro medio, su prevalencia a lo
largo de la vida es del 8.9 % para hombres y del 16.5 % para mujeres, y su incidencia parece
estar aumentando en las ultimas décadas (Alonso et al., 2004b; Haro et al., 2006). La depresion
es un trastorno heterogéneo con un elevado riesgo de recaida/recurrencia y una respuesta al
tratamiento no siempre satisfactoria que, ademas de suponer grandes cotas de sufrimiento
personal para aquel que la sufre, conlleva un importante indice de morbilidad e incapacidad
(Murray & Lopez, 1997) y una reduccién de la expectativa de vida estimada entre 7 y 10 afios
para mujeres y hombres, respectivamente (Chang et al., 2011). No en vano, el riesgo de
muerte prematura, especialmente por causas cardiovasculares, casi podria doblar o incluso
triplicar el de los individuos libres de depresion (Wulsin et al., 1999) y el riesgo de muerte por

suicidio es hasta 18 veces superior al esperado en la poblacidén general (Angst et al., 2002).

La recurrencia y refractariedad al tratamiento siguen representando dos de los
mayores retos que psiquiatras y psicoterapeutas deben afrontar en su practica clinica diaria.
Los grandes estudios epidemioldgicos de seguimiento longitudinal nos indican que, en el mejor
de los casos, menos de la mitad de los pacientes con depresion se recuperaran por completo y
no sufriran nuevos episodios y alrededor de un 15% presentara un curso crénico, sin obtener
respuesta a multiples ensayos terapéuticos (Eaton et al., 2008; Mueller et al., 1999; Vuorilehto
et al., 2009). Una respuesta insuficiente al tratamiento ha sido extensamente asociada a mayor
riesgo de recurrencia, mayores tasas de discapacidad, deterioro psicosocial, comorbilidad y
suicidabilidad, junto a un importante incremento de los costes sanitarios (Fekadu et al., 2009;
Trivedi et al., 2008). El impacto econdmico en la sociedad de la depresion, y en especial el de la

depresion crdnica, va mucho mas alla de los costes directos vinculados al uso de servicios
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sanitarios, puesto que la mayor parte del gasto es indirecto y deriva de la pérdida de
productividad de la persona que la sufre, del absentismo laboral y de la mortalidad prematura

asociada (Alonso et al., 2004a; Greenberg et al., 2003; Salvador-Carulla et al., 2011).

La hipétesis de Kindling

Existe un amplio consenso al considerar la depresion como una enfermedad heterogénea y
multifactorial, cuyo desarrollo es el fruto de una compleja interaccion entre factores
psicosociales y bioldgicos. Sin embargo, multiples estudios han sefialado que los estresores
psicosociales jugarian un papel mas determinante en la precipitacion del primer episodio que
en los subsiguientes (Ezquiaga et al., 1987; Perris, 1984). Partiendo de esta observacion y de
todo un conjunto de investigaciones clinicas y pre-clinicas, Robert M. Post y su equipo
formularon una influyente teoria conocida hoy como “Kindling hypothesis” (Post et al., 1984)
que podria traducirse como hipdtesis de ignicion o de encendido. Este autor sugiere que los
cambios cerebrales producidos durante los propios episodios podrian dejar trazas residuales
gue aumentaran progresivamente el riesgo de refractariedad al tratamiento y la vulnerabilidad
a sufrir nuevos episodios sin mediacidon de estresores (Post, 1992). Quizas puede sorprender
que ya en 1921, Emil Kraepelin (Kraepelin, 1921), en estrecha relacién con todo ello, escribiera
estas brillantes impresiones sobre las potenciales causas de la por entonces llamada
enfermedad maniaco-depresiva, unas impresiones que el propio Post retoma en su articulo de
revisiéon (Post, 1992):

“Los episodios empiezan a menudo tras la enfermedad o muerte de familiares cercanos
[...]. Debemos considerar todos los dafios [psiquicos] alegados como posibles disparadores de los
episodios pero [..] la causa real de la enfermedad debe encontrarse en cambios internos
permanentes [..]. A pesar de eliminar la causa precipitante, el episodio sigue su curso
independiente. Pero, finalmente, la aparicion de episodios completamente similares en ocasiones
completamente distintas o sin causa externa alguna muestra que incluso alli donde hubo una
influencia externa, ésta no debe asumirse como un supuesto necesario para la aparicién de un

episodio.”
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La “Kindling hypothesis” ha sido revisada en diversas ocasiones por su propio autor
(Post, 2007; Post et al., 2012), apoyada, a su vez, por los hallazgos de otros investigadores
desde diversos angulos de la neurobiologia (Moylan et al., 2013). Las reflexiones de Post, en
definitiva, subrayan el potencial neurotdxico del curso de la propia enfermedad y nos llevan a
concluir la extrema importancia que podria tener una rdpida y adecuada intervencion
terapéutica en las primeras manifestaciones de la enfermedad de cara a prevenir los
eventuales cambios cerebrales y sus perniciosas consecuencias clinicas. Efectivamente, al
igual que en los trastornos psicdticos, diversas evidencias nos indican que el intervalo de
tiempo que transcurre desde el debut de la enfermedad hasta que se inicia el tratamiento
puede resultar crucial para determinar la eficacia del antidepresivo, modulando quizas, tal y
como aventuraba Post, los potenciales cambios deletéreos que se producen a nivel cerebral a
lo largo de la enfermedad. En esta linea, en 2010 publicamos un primer trabajo (de Diego-
Adelino et al., 2010) en el que se observaba como la demora del inicio del tratamiento
antidepresivo para un determinado episodio se asociaba con menores tasas de
respuesta/remision entre los pacientes que estaban experimentando su primer cuadro
depresivo, con un efecto menos relevante para los pacientes que ya habian sufrido otros
episodios en el pasado. Este articulo ha sido incluido aqui como anexo, pues sirvio como
estimulo y punto de partida de cara al planteamiento principal del resto de trabajos de
investigacion que conforman la tesis. El impacto negativo de la prolongacién del estado
depresivo sin recibir tratamiento sobre las probabilidades de respuesta ha sido posteriormente
refrendado por otros estudios (Bukh et al., 2013; Okuda et al., 2010), incluyendo un reciente
meta-analisis (Ghio et al., 2014). Ademas, unos afios antes, Yvette Sheline y sus colaboradores
(Sheline et al., 2003), publicaron un sugerente articulo mostrando como largos periodos de
depresion sin tratar se asociaban a mayores reducciones del volumen del hipocampo. Todos
estos hallazgos, en definitiva, sugieren que el debut de este trastorno resulta un periodo critico

en el que podrian tener lugar procesos con potencial neurotdxico capaces de determinar el
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prondstico de la enfermedad, por lo que la investigacidn de las anomalias cerebrales desde las

etapas mas tempranas hasta las formas recurrentes y crdnicas resulta prioritaria.

En las ultimas décadas, el desarrollo e implantacién de diversas técnicas de
neuroimagen aplicadas a la investigacion han permitido desgranar al menos parte de las
anomalias neuroanatdémicas y funcionales subyacentes en la depresién. Cada vez parece mas
claro, ademas, que la depresion no puede concebirse como el resultado de una mera
alteracion de neurotransmisores o neuropéptidos, ni tampoco de la simple alteracion en una
Unica area cerebral. La evidencia acumulada en los ultimos afios en torno a la fisiopatologia de
la depresion apunta a la presencia de una disfuncién compleja entre redes neuronales en las
que intervendria fundamentalmente la corteza prefrontal medial y otras areas corticales y del
sistema limbico estrechamente relacionadas, como la corteza orbitofrontal medial y lateral, la
amigdala, el hipocampo o zonas ventromediales de los ganglios basales (Drevets et al., 20083a;
Mayberg, 2003). Al hilo de las mencionadas observaciones de Post, el interés del presente
trabajo de tesis ha sido el de ampliar el conocimiento en torno al sustrato neural relacionado
con los procesos de recurrencia y cronicidad, es decir aquellas anomalias identificables
mediante técnicas de neuroimagen que se asociarian a la recaida o al fracaso del tratamiento,
incluso aquellas que podrian acumularse a lo largo del curso de la enfermedad impidiendo la
recuperacion clinica. En particular, las dos técnicas en las que se centraran los estudios
presentados seran la Espectroscopia y el Tensor de Difusion por Resonancia Magnética

Nuclear.

Las dos dianas de interés: Hipocampo y Corteza Prefrontal Medial

a) Un poco de contexto: neurotransmisores y cortisol

La teoria monoaminérgica, que postula una deficiencia en los sistemas cerebrales de

neurotransmisién serotoninérgica, noradrenérgica y —en menor grado- dopaminérgica en la
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depresion, establecid unas sdélidas bases en la conceptualizacion neurobioldgica de la
enfermedad y supuso un gran avance para el desarrollo de los actuales antidepresivos (para
revisidon, véase Heninger et al.,, 1996; Ruhe et al., 2007). Sin embargo, la implicacion de las
monoaminas en la fisiopatologia de esta enfermedad parece no ser suficiente para explicar por
completo los procesos que precipitan o mantienen el estado depresivo. Conviene recordar que
mas de un 40% de pacientes no alcanzan una remisiéon completa después de recibir un
tratamiento antidepresivo convencional con Inhibidores de la Recaptacién de la Serotonina
(ISRS) (Fekadu et al., 2009). Tal y como sugieren Krishnan y Nestler en sus revisiones (Krishnan
& Nestler, 2010; Nestler et al., 2002), tampoco hay ninguna razén para considerar que el
mecanismo de accién de un tratamiento sea necesariamente el mecanismo opuesto de la
fisiopatologia de la enfermedad. Probablemente, los farmacos monoaminérgicos funcionan
porque dan lugar a cambios similares en una ruta final comuln que, pasadas unas semanas tras
el inicio del tratamiento, podrian ser los responsables definitivos de la respuesta: modulacion
de segundos mensajeros y sefiales de transduccidn celular en las neuronas post-sinapticas,
cambios en el estado de factores de transcripcion (p.e. la fosforilacion del CREB, del inglés
cyclic-AMP-response-element-binding protein) que interfieren en la expresién genética de
proteinas clave en el neurotrofismo y plasticidad (p.e. el Factor neurotréfico derivado del
cerebro o BDNF) en regiones cerebrales especificas, regulacién al alza o a la baja de receptores
postsindpticos, cambios en las concentraciones de neuropétidos (p.e. CRH u hormona
liberadora de corticotropina), estimulacidon del crecimiento dendritico e incremento en la
interconexién neuronal, asi como cambios morfoldgicos y electrofiosioldgicos (Reid & Stewart,

2001).

Una creciente linea de investigacion se ha dirigido a explorar el papel que pueden estar
jugando otros sistemas de neurotransmisién -como el de glutamato y otros aminoacidos
neurotransmisores- en el desarrollo y evolucién de los trastornos afectivos (Kugaya &

Sanacora, 2005). Esta interesante linea parte de hallazgos tan sorprendentes como el de la

21




INTRODUCCION

desaparicién de la ideacion suicida o incluso la remision completa del cuadro depresivo en
apenas unas horas tras la administracién de una Unica dosis subanestésica de ketamina (un
antagonista de los receptores ionotrépicos glutamatérgicos de N-metil-D-aspartato o NMDA)
por via endovenosa, aungue sus efectos no lleguen a sostenerse mas alld de unos dias, dos
semanas a lo sumo (Berman et al.,, 2000; Price et al., 2009; Zarate et al., 2006). Algunas
evidencias apuntan a que la modulacidn glutamatérgica ejercida por la ketamina daria lugar a
algunos de los cambios descritos previamente con los fdrmacos monoaminérgicos, como p.e.
la produccidon de BDNF en hipocampo o en la corteza prefrontal entre otros, pero de una

forma extraordinariamente veloz (para profundizar, véase Niciu et al., 2014).

La hipédtesis neuroendocrina de la depresion, por su parte, defiende la presencia de
una desregulacion de la respuesta hipotalamo-hipofisario-adrenal de cortisol al estrés y es
también una de las mas contrastadas (para revision, véase Frodl & O'Keane, 2013). El test de
dexametasona/CRH (modificacién del test de dexametasona ideado inicialmente) no da lugar a
una respuesta supresora de la liberacion de cortisol hasta en un 80% de los pacientes
depresivos (Heuser et al.,, 1994), dando cuenta de una alteracién existente en las vias de
sefializacion del receptor de glucocorticoides entre estos pacientes (lsing et al., 2005;
Mokhtari et al., 2013). El test tiene también cierta capacidad predictiva sobre la ulterior
respuesta al tratamiento, lo que, en conjunto, lo convierte en un test con capacidad de apoyo
al diagndstico y prondstico (Ising et al., 2005, Mokhtari et al.,, 2013) aunque
sorprendentemente ha caido en desuso en la préctica diaria. Los sujetos sanos con
antecedentes familiares de depresiéon también muestran una respuesta alterada en este test,
con valores intermedios entre los de los individuos sin antecedentes familiares y los de
pacientes deprimidos (Holsboer et al., 1995). Ademas, se han descrito desde elevaciones de los
niveles plasmaticos de cortisol o de CRH en liquido cefalorraquideo en depresiones graves
(Burke et al., 2005), hasta reducciones de la expresién de RNA mensajero del receptor de

glucocorticoides GR-alfa en sangre periférica (Matsubara et al., 2006) o incrementos de la
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expresion de RNA mensajero de CRH y de la propia hormona en hipocampo y otras regiones
limbicas claves en la fisiopatologia de la depresidon (Merali et al., 2004). Lo que resulta ain mas
interesante es que el exceso de niveles de glucocorticoides, por su importante papel
modulador en los procesos de neuroplasticidad y neurogénesis, se ha sugerido como el
mecanismo causante mas probable de las reducciones del tamafio hipocampal y de diversas
alteraciones neuropatolégicas observadas en depresidn (Campbell & Macqueen, 2004,

MacQueen & Frodl, 2011).

b) Alteraciones morfolégicas y neuropatoldgicas del Hipocampo

El hipocampo se considera una regién crucial dentro del sistema limbico y desempefia un rol
determinante en la regulacion emocional y en la fisiopatologia del trastorno depresivo mayor
(Drevets et al., 2008a). Como se insinuaba previamente, es también una estructura altamente
sensible al estrés, ya que una desregulacion de la secrecion de glucocorticoides inducida por
situaciones de estrés —con el consecuente incremento de la actividad de los neurotransmisores
aminodcidos excitatorios— podria dar lugar a procesos de remodelacidon reversibles o incluso a
dafio celular irreversible en el hipocampo de pacientes con depresién mayor (Campbell &
Macqueen, 2004; McEwen & Magarinos, 2001). Un conjunto de evidencia considerable sugiere
que el hipocampo puede estar seriamente dafiado en pacientes con depresién. Dos meta-
analisis (Campbell et al., 2004; Videbech & Ravnkilde, 2004) concluyeron que el hipocampo era
bilateralmente de menor tamafo entre pacientes con depresién respecto a controles sanos
emparejados. Otros estudios ademas han asociado dichas reducciones de volumen con una
mayor gravedad de la depresiéon, una edad de debut mas precoz, un mayor nimero de
episodios previos, o con la ausencia de respuesta al tratamiento (MacQueen & Frodl, 2011;

McKinnon et al., 2009).
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Por el contrario, se sabe mucho menos acerca de los cambios anatomopatoldgicos que
subyacen junto al paso del tiempo y la carga de enfermedad en los pacientes con depresién.
Hay pocos estudios con muestras post-mortem que hayan probado la existencia de pérdida
celular en el hipocampo de pacientes depresivos (Lucassen et al., 2001), pero los trabajos son
mas consistentes al sefialar anomalias sutiles tanto en las neuronas como en la glia de esta
estructura, como reducciones del tamafio del soma neuronal o del neuropilo (i.e. la densa
marafa de terminales axdnicos, dendritas y procesos de las células gliales) (Hercher et al.,
2009). En esta misma linea, los modelos animales de depresidn en roedores han demostrado
que el estrés crénico da lugar a atrofia dendritica y a reducciones en el recuento o
proliferacién de células gliales en hipocampo; dafos, en definitiva, algunos de los cudles
pueden revertirse o evitarse con ciertos antidepresivos serotoninérgicos, con tratamientos
bloqueadores de la sintesis de cortisol o con farmacos moduladores del sistema
glutamatérgico (McEwen & Magarinos, 2001). Como antes se apuntaba, la interaccidn entre
alteraciones de la transmisidn glutamatérgica y de la secrecién cortisol seria la responsable de
los cambios en el remodelado dendritico y poblacidon celular que se producirian en los
animales de experimentacién bajo condiciones de estrés (McEwen & Magarinos, 2001), y tal
vez el mismo fendmeno podria explicar los hallazgos morfoldgicos y neuropatoldgicos en

pacientes depresivos (Campbell & Macqueen, 2004).

c) Alteraciones morfoldégicas y neuropatoldgicas de la Corteza Prefrontal
Medial

En estrecha relacién con el hipocampo, la corteza prefrontal (CPF), de la que se postula la

mediacién de los aspectos mds cognitivos y conductuales de la depresion, y en particular la

corteza prefrontal ventromedial (CPFvm), incluyendo el cingulo anterior (ACC), ha sido otro

destacado foco de interés en el estudio de la fisiopatologia de la depresidon (Drevets, 2000;

Drevets et al., 2008b; Koenigs & Grafman, 2009). Esta area, bastamente conectada con
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regiones parahipocampales y en consiguiente con el hipocampo, es una diana principal de
glucocorticoides, pudiendo resultar también potencialmente expuesta a los efectos
neurotoéxicos de su elevacion crénica y sostenida a lo largo del curso de la enfermedad (Gold et
al., 2002; Hercher et al., 2009). Mdltiples estudios de neuroimagen estructural han revelado
una reduccion bilateral del volumen en el ACC rostral de pacientes con depresion (Drevets et
al., 2008a). Dos meta-analisis de reciente publicacion centrados en estudios Voxel-based
Morphometry (VBM) (Bora et al., 2012; Lai, 2013), sefialan esta reduccidon como el hallazgo
volumétrico mas consistente en depresidén, con una relacidon inversamente proporcional entre
el volumen de esta regidn y la duracién total de la enfermedad. Los estudios de metabolismo
con Tomografia por Emisién de Positrones (PET), por su parte, sefialan una hiperactivacién de
la regién subgenual del ACC en pacientes deprimidos que se revertiria con la respuesta al
tratamiento, independientemente de la estrategia antidepresiva empleada (Drevets et al.,

2008a; Hamani et al., 2011).

Existen sélidas evidencias de que esta region cerebral estd afectada por procesos
neuropatolégicos, como asi lo indican las reducciones de recuentos y densidad de células
gliales observadas en estudios post mortem de la CPF de pacientes depresivos (Rajkowska &
Miguel-Hidalgo, 2007). Este hecho tiene mayor interés si se tiene en cuenta que la neuroglia
ejerce una mision fundamental en el mantenimiento de la funcién glutamatérgica y que tales
anomalias, por tanto, podrian asociarse con una disposicion andmala de neurotransmisores
aminodcidos y de otros metabolitos cerebrales (Harrison, 2002). No en vano, estudios con
ratas de experimentacidon han mostrado que la lesion experimental de las células gliales de la
CPF induce comportamientos depresivos (Banasr & Duman, 2008), mientras que la terapia
electroconvulsiva (TEC) da lugar a una proliferacidn glial en esta zona que tal vez puede mediar
en su potente efecto antidepresivo (Jansson et al., 2009; Ongur et al., 2007). Todas estas

premisas subrayan aun mads la probable contribucién del glutamato y otros sistemas de
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neurotrasmisores aminodcidos en la fisiopatologia y tratamiento de los trastornos afectivos

(Kugaya & Sanacora, 2005).

Como veremos a continuacidn, algunas de estas alteraciones neuroquimicas vy
deficiencias en la integridad celular e incluso la posible disminucién de poblacidn celular (glial y
neuronal) en hipocampo y CPF pueden ser estudiadas in vivo de forma indirecta mediante la

Espectroscopia por Resonancia Magnética Nuclear.

Espectroscopia por Resonancia Magnética Nuclear (MRS)

La Espectroscopia por Resonancia Magnética Nuclear (MRS) es una técnica de neuroimagen
no invasiva que detecta las sefiales de radiofrecuencia absorbidas y posteriormente emitidas
(i.e. resonancia) por los nucleos atdémicos localizados dentro de las moléculas que componen
los tejidos humanos, tras haber sido sometidos al potente campo magnético del dispositivo. La
frecuencia exacta de resonancia dependerd de las propiedades del nucleo atdmico
seleccionado (el mas empleado es el protio o 'H, el isétopo de hidrégeno compuesto por un
solo protén) y del entorno que rodea a este nucleo. Del mismo modo que la Resonancia
Magnética Nuclear (RMN) convencional, basdndose en este principio, obtiene informacion
anatdmica a partir de la sefial de 'H, la MRS puede obtener informacién quimica sobre
diversos metabolitos que contienen al *H. La diferente composicién quimica de los metabolitos
cerebrales se refleja en distintas frecuencias de resonancia, por lo que la MRS, sirviéndose de
esto, es capaz de ofrecer una representacién grafica del espectro metabdlico en la regidn
cerebral a estudio, con diversos picos diferenciales (Figura 1. Esquema representativo del
espectro de la MRS (post-procesado mediante LCModel)). A pesar de ello, todas las
frecuencias de resonancia aparecen en un intervalo muy estrecho lo que da lugar a cierto
solapamiento entre las sefiales de los distintos compuestos e incluso el mismo compuesto

puede originar mas de una resonancia, lo que dificulta técnicamente la caracterizacion de los
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metabolitos. Aun asi, los avances metodoldgicos en la adquisicion y procesado de las
imagenes, y la mayor disponibilidad de equipos de RMN de alto campo, han subsanado parte
de las limitaciones iniciales ampliando la relacién de sefial-ruido y ofreciendo una mejor
definicién de cada uno de los picos de resonancia (Provencher, 2001). La amplitud de estos
picos de sefial es proporcional al nimero de nucleos resonados y permite obtener una
estimacion cuantitativa de la concentracidn de algunos de los metabolitos cerebrales, entre los
gue se incluyen los neurotransmisores aminoacidos. Es importante remarcar ante todo que las
técnicas convencionales de MRS mas que un dibujo detallado de la cinética de los metabolitos,
ofrecen tan sdlo una mera instantanea del reservorio metabdlico cerebral pero, precisamente
por esta razén, pueden brindar una valiosa informacién in vivo sobre la integridad de las
células o estructuras que los contienen. Los detalles técnicos y metodolégicos de la MRS
desbordan ampliamente los objetivos de esta tesis y pueden ser revisados en trabajos
especificos sobre el tema (Alger, 2010; Dager et al., 2008).
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Figura 1. Esquema representativo del espectro de la MRS (post-procesado mediante LCModel)
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Los metabolitos detectables por MRS que mas comuinmente han sido implicados en el
Trastorno Depresivo son Glutamato/Glutamina (Glx o Glu/GIn respectivamente), Colina y sus
compuestos derivados (Cho) y N-Acetil Aspartato (NAA) (Yildiz-Yesiloglu & Ankerst, 2006).
Cabe mencionar que algunos trabajos iniciales reportaban conjuntamente alteraciones de la
sefial Glutamato/Glutamina/Acido-Gamma-Aminobutirico (Glu/GIn/GABA) puesto que estos
metabolitos resuenan en zonas muy cercanas del espectro de frecuencias y no se disponia aun
de la metodologia adecuada para diferenciarlos. A modo de guia podemos decir que los
metabolitos relacionados con el glutamato (especialmente Glu y GIn) representan
principalmente al reservorio intracelular contenido en las neuronas piramidales
glutamatérgicas y en la glia, particularmente en los astrocitos. Por tanto, las reducciones de
intensidad en esta sefial podrian indicar deficiencias en estas lineas celulares (Yuksel & Ongur,
2010). La sefial de resonancia de Cho esta predominantemente compuesta por los productos
de hidrolisis de la fosfatidilcolina (Klein et al., 1993) por lo que se ha concebido como una
medida indirecta del recambio de membrana y del recambio celular (Boulanger et al., 2000). Y
NAA, presente principalmente en neuronas, se ha sugerido tradicionalmente como un
marcador de la viabilidad y funcionalidad neuronal (Moffett et al., 2007; Wijtenburg et al.,

2012).

a) Alteraciones de MRS en la Corteza Prefrontal Medial

A pesar de cierta controversia inicial, los estudios mas actuales coinciden en sefialar a
Glu/GIn/GABA como los metabolitos mas cominmente alterados en areas prefrontales de
pacientes con depresién. Diversos trabajos previos reportaron niveles bajos de Glu/GIn/GABA
en el Iébulo frontal de pacientes depresivos comparados con sujetos sanos, ya sean adultos o
nifios/adolescentes (Ajilore et al., 2007; Auer et al., 2000; Hasler et al., 2007; Michael et al.,
2003a; Mirza et al., 2004; Pfleiderer et al., 2003; Rosenberg et al., 2005; Walter et al., 2009). El

Glu es el principal neurotransmisor excitatorio que contribuye a un amplio abanico de
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funciones cerebrales en condiciones normales, incluyendo la regulacién de factores
neurotréficos y de la neuroplasticidad, aunque los niveles anormalmente elevados de este
metabolito han sido implicados en procesos patolégicos como la isquemia cerebral, la lesion
cerebral traumdtica o enfermedades neurodegenerativas crdnicas, entre otros (Lipton &
Rosenberg, 1994). Basandose en que las células gliales, y los astrocitos en particular, son la
principal fuente de suministro energético para las neuronas y representan una pieza esencial
en el mantenimiento de la sintesis y del reservorio neuronal de Glu (Magistretti et al., 1999;
Rajkowska & Miguel-Hidalgo, 2007), Sanacora y su equipo (Sanacora et al., 2003) propusieron
un provocativo modelo en el que se sugeria que el deterioro prefrontal de la funcién glial
observado en las muestras post-mortem de enfermos depresivos, daria lugar a una
disminucién de la recaptacién sinaptica de Glu con la resultante elevacién de sus niveles
extracelulares. La disfuncidn glial y el exceso de Glu extracelular, podria incrementar y acelerar
aun mas el propio dafio glial y neuronal, debido a sus efectos neurotdxicos (Rothstein et al.,
1993). A simple vista, todos estos supuestos pueden llegar a parecer contradictorios con las
reducciones de los niveles de Glu/GIn/GABA observadas mediante MRS en la CPF de los
pacientes con depresidn. Sin embargo, debe tenerse en cuenta que este espectro estd
predominantemente compuesto por el reservorio intracelular presente en neuronas vy
especialmente en glia (la relacidn intracelular-extracelular asciende a 5000:1) (Lehmann et al.,
1983). Por lo tanto, como anteriormente sefialdbamos, la disminucion de esta senal de
resonancia, lejos de reflejar las posibles alteraciones en las concentraciones extracelulares o
en la neurotransmision glutamatérgica per se, podria representar en realidad el deterioro y
reduccion de poblacion neuroglial presente en los pacientes depresivos. Teniendo en cuenta
que se han desarrollado técnicas mas sofisticadas de MRS que permiten abordar con mayor
definicién el pico de solapamiento que conforman Glu/GIn/GABA, determinaciones mas
especificas de la sefial Glu/GIn (Glx) reflejarian con mayor fiabilidad, si cabe, el estado de la glia

en los pacientes con depresion.
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Por otro lado, aunque la sefial de Cho parece estar claramente aumentada en los
ganglios basales de los pacientes con depresion, la presencia de anormalidades en el pico de
Cho en la CPF es algo mas controvertida, con estudios que reportan ascensos (Farchione et al.,
2002; Kumar et al., 2002; Steingard et al., 2000), otros que sefialan disminuciones (Caetano et
al., 2005; Gruber et al., 2003) y otros tantos sin diferencias significativas con individuos sanos

(Kaymak et al., 2009; Nery et al., 2009; Yildiz-Yesiloglu & Ankerst, 2006).

El NAA, considerado -como deciamos- un marcador de integridad neuronal, ha sido
también investigado en regiones prefrontales de pacientes con depresion con resultados no
concluyentes hasta la fecha (Yildiz-Yesiloglu et al., 2006; Ajilore et al., 2007; Walter et al., 2009;
Nery et al., 2009; Kaymak et al., 2009; Gonul et al., 2006). Aunque la patologia neuronal en
depresion parece ser menos prominente que la de la glia (Rajkowska & Miguel-Hidalgo, 2007),
ambas lineas celulares estdan estrechamente relacionadas, ya que, estas Ultimas son
fundamentales para el correcto desarrollo y funcionamiento de las neuronas (Magistretti et al.,
1999). Por tanto, el hallazgo de alteraciones en la sefial de NAA en pacientes depresivos si no
llegara a reflejar una alteracién primaria de la integridad neuronal podria, cuando menos, dar

cuenta de los dafios colaterales en las estructuras neuronales causados por defectos en la glia.

Hasta la fecha, la mayor parte de estudios de MRS en depresion se habian centrado en
determinar las diferencias entre pacientes y sujetos controles sanos, describiendo en
ocasiones la potencial influencia de la gravedad de los sintomas o los efectos a corto plazo de
estrategias terapéuticas (sirvan como ejemplo Walter et al.,, 2009; Block et al., 2009). No
obstante, la relacién entre los picos de sefial de los metabolitos de la CPFvm y otras variables
clinicas relevantes para el curso de la enfermedad (como la duracién de la enfermedad, la
edad de debut o el nimero de episodios previos), con contadas excepciones, no habian
recibido hasta la fecha la atencion que verdaderamente merecian (Nery et al., 2009; Milne et

al., 2009; Hasler et al., 2007).
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b) Alteraciones de MRS en Hipocampo

A pesar del creciente cuerpo de literatura acumulado en la dltima década en torno a las
alteraciones de metabolitos en depresidn, sélo unas pocas investigaciones se han centrado en
el hipocampo, arrojando a veces conclusiones poco consistentes. Dos trabajos reportaron
niveles disminuidos de Glx en la cabeza del hipocampo izquierdo, uno entre pacientes graves
con depresion resistente al tratamiento (Michael et al., 2003b) y otro entre pacientes con un
primer episodio depresivo sin tratar (Block et al., 2009), aunque un estudio subsiguiente de
Milne y cols. (Milne et al.,, 2009) no pudo replicar estos hallazgos. Con respecto a las
concentraciones de Cho, se han descrito aumentos de la sefial en el hipocampo de pacientes
con depresion resistente al tratamiento (Mervaala et al., 2000) y con historia de depresion
recurrente (Milne et al., 2009), aunque otros autores mostraban niveles normales o incluso
disminuidos de Cho en pacientes deprimidos en el momento de la prueba de imagen, con un
subsecuente incremento después de obtener una respuesta terapéutica adecuada a TEC (Ende
et al., 2000) o al tratamiento farmacolégico (Block et al., 2009). Los estudios que se han
referido a los niveles hipocampales de NAA, por su parte, no han logrado constatar deficiencias
significativas en los pacientes con depresion (Yildiz-Yesiloglu & Ankerst, 2006), a pesar de las
alteraciones de neuroplasticidad (Campbell et al., 2004) y posiblemente de neurogénesis que
tendrian lugar en esta estructura (Campbell et al., 2004; MacQueen & Frodl, 2011), y que se
han sugerido en incontables ocasiones como parte fundamental del sustrato fisiopatoldgico
del trastorno depresivo (Campbell & Macqueen, 2004; MacQueen & Frodl, 2011; Pittenger &
Duman, 2008). Aun asi, algunos trabajos si han revelado un incremento de los niveles de NAA

asociado a la respuesta al tratamiento (Block et al., 2009; Michael et al., 2003b).

Algunas de las inconsistencias entre los diferentes estudios pueden atribuirse a
cuestiones metodolégicas (Yildiz-Yesiloglu & Ankerst, 2006) (como p.e. a la falta de

consideracion de diferencias estructurales en la region estudiada; Milne et al., 2009), mientras
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que otras pueden estar relacionadas con diferencias clinicas entre las muestras incluidas en
cada estudio. De hecho, hasta la fecha no estaba bien establecida la influencia que variables
clinicas relevantes para el curso de la enfermedad (como la duracidn, el nimero de episodios
previos o la edad de debut) pudieran estar ejerciendo en las concentraciones de los

metabolitos.

Alteraciones microestructurales en las redes fronto-limbicas

Ademas de las alteraciones morfoldgicas, neuroquimicas y neuropatoldgicas a las que hemos
hecho referencia hasta el momento, los estudios de neuroimagen funcional han subrayado la
existencia de redes neuronales entre las estructuras fronto-limbicas en las que se distribuirian
diversas alteraciones criticas para las manifestacion de los estados depresivos y la remisién de
la enfermedad (Mayberg, 2003), con un papel destacado de la corteza prefrontal ventromedial
en dicha circuiteria neural (Drevets et al., 2008a; Johansen-Berg et al., 2008). Los tractos de
sustancia blanca son componentes claves de estas redes y las anormalidades en su
microestructura pueden ser potencialmente estudiadas in vivo mediante el Tensor de Difusion
de Imagen (DTI), una técnica de resonancia magnética que se ha popularizado ampliamente en

los ultimos afios.

Brevemente, la difusion de las moléculas de agua libres presentes en la sustancia
blanca del cerebro no es la misma en todas las direcciones, por lo que se la llama anisotrdpica,
y se ve restringida fundamentalmente por la orientacidn de las fibras del tracto. Las anomalias
microestructurales de la organizacién intra-axonal, el diametro y la densidad de las fibras, el
grado de mielinizacién o la coherencia de los tractos, alterardan la sefal de difusidn
anisotrdpica, suponiendo una buena estimacion indirecta de la integridad de la sustancia

blanca. La anisotropia fraccional (FA) es una de las medidas que proporciona el DTl y la mas
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comunmente usada para la evaluacién de la microestructura de sustancia blanca (para una

revision mas extensa sobre la técnica, véase Smith et al., 2006).

Los trabajos previos con DTl habian descrito alteraciones de los valores de FA en
regiones fronto-temporales de pacientes con depresién mayor, principalmente en ancianos
aunque también en poblacién joven y adultos de edad media (Murphy & Frodl, 2011; Sexton
et al., 2009). Sin embargo, la gran mayoria se centraban en identificar diferencias entre un
determinado grupo de pacientes con depresidon y controles sanos, y la comparaciéon entre
diversos estadios o el estudio de la influencia de variables relacionadas con la carga de
enfermedad pasada habia recibido una atencion modesta. En 2012, fueron publicados los
resultados de un estudio (Cole et al., 2012) en el que se reportaban alteraciones generalizadas
de la microestructura de sustancia blanca en cerebros de pacientes con larga historia de
depresion recurrente. En este caso, las alteraciones guardaban ademads una relacion
proporcional con la gravedad sintomdtica. Sélo unos pocos articulos, sin embargo, habian
evaluado a pacientes de mediana edad con depresién mayor crénica o resistente al
tratamiento antidepresivo (Guo et al., 2012; Hoogenboom et al., 2012; Zhou et al., 2011). Dos
de ellos eran estudios prospectivos, aunque metodolégicamente distintos, en los que se
analizaban las diferencias basales de FA entre pacientes a los que posteriormente se evaluaba
la respuesta al tratamiento. Zhou y cols. (Zhou et al., 2011), mediante un andlisis basado en
voxel de todo el cerebro, mostraban valores basales bajos de la FA en la region temporal
medial de pacientes cuya depresidn se hacia resistente al tratamiento. Hoogenboom y cols.
(Hoogenboom et al., 2012), mediante un analisis por region de interés (ROI) y una evaluacion
retrospectiva de la evolucidn de la enfermedad a través de la revisién de las historias clinicas,
reportaban una disminucion basal de los valores de FA en el férnix medial de los pacientes que
no alcanzaban la remisién. Guo y cols. (Guo et al., 2012), por su parte, realizaron un estudio
transversal con DTl en pacientes con depresidon resistente al tratamiento usando el andlisis

Tract-based spatial statistics (TBSS), un nuevo enfoque metodoldgico que incrementa la
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sensibilidad y la interpretabilidad de los resultados en comparacion con los enfoques basados
en voxel tradicionales (Smith et al., 2006). Estos pacientes mostraban valores de FA inferiores
en el brazo anterior de la cdpsula interna derecha, el cuerpo del Corpus Callosum y en ambas
capsulas externas en comparaciéon con controles sanos, pero la ausencia de un grupo
comparador de pacientes no resistentes al tratamiento no permitia profundizar en la

interpretacion de los hallazgos.
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HIPOTESIS Y OBJETIVOS

Los objetivos de los trabajos que conforman esta tesis tienen como denominador comun
determinar si la presencia de cronicidad/resistencia al tratamiento, asi como de variables que
estiman una mayor carga de enfermedad pasada (mayor duracion de la enfermedad, historia
de recurrencias o debut precoz), se asocian con mayores alteraciones en la neuroquimica
estructural y en la microestructura de sustancia blanca de la CPFvm vy el hipocampo,

intentando superar al menos parte de las limitaciones de anteriores estudios.

En particular, nos planteamos testar las siguientes HIPOTESIS:

Hipotesis 1:  Los pacientes con depresion cronica/resistente al tratamiento y una mayor
carga de enfermedad pasada presentan mayores alteraciones de las
concentraciones de Glx, Cho y NAA en la CPFvm que los pacientes con un

primer episodio depresivo y que los controles sanos.

Hipotesis 2:  Los pacientes con depresion cronica/resistente al tratamiento y una mayor
carga de enfermedad pasada presentan mayores alteraciones de las
concentraciones de Glx, Cho y NAA en hipocampo que los pacientes con un

primer episodio depresivo y que los controles sanos.

Hipotesis 3:  Los pacientes con depresion crénica/resistente al tratamiento, mayor
gravedad sintomdtica y una mayor carga de enfermedad pasada presentan
valores disminuidos de la FA de forma generalizada y, en particular, en
tractos del circuito fronto-limbico, con respecto a pacientes con un primer

episodio depresivo y controles sanos.
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OBJETIVOS ESPECIFICOS

Principales

1. Determinar las diferencias en las concentraciones de Glx, Cho y NAA en la CPFvm entre
controles sanos y pacientes con depresién en diversos estadios de la enfermedad (i.e.
depresion crénica/resistente al tratamiento, depresidn recurrente en fase de remision y
primer episodio depresivo) — Trabajo 1

2. Determinar las diferencias en las concentraciones de Glx, Cho y NAA en hipocampo
derecho e izquierdo entre controles sanos y pacientes con depresion en diversos estadios
de la enfermedad — Trabajo 2

3. Determinar las diferencias en la microestructura de sustancia blanca de todo el cerebro
entre controles sanos y pacientes con depresion en diversos estadios de la enfermedad —
—Trabajo 3 (estudio mediante TBSS de todo el cerebro)

4. Determinar las diferencias en la microestructura de sustancia blanca de la CPFvm entre
controles sanos y pacientes con depresién en diversos estadios de la enfermedad -

—Trabajo 3 (estudio mediante TBSS con ROl en CPFvm)

Secundarios

1. Analizar la relacién entre las concentraciones de Glx, Cho y NAA en CPFvm, la gravedad
sintomatica y las variables relacionadas con la carga de enfermedad pasada (i.e. mayor
duracidn de la enfermedad, mayor nimero de episodios y debut precoz).

2. Analizar la relaciéon entre las concentraciones de Glx, Cho y NAA en hipocampo, la
gravedad sintomatica y las variables relacionadas con la carga de enfermedad pasada.

3. Analizar la relacidon entre los valores de la FA en cerebro, la gravedad sintomatica y las

variables relacionadas con la carga de enfermedad pasada.
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METODOS

Esta tesis estd formada por tres articulos publicados en revistas internacionales indexadas en
las principales bases de datos bibliograficas cientificas. Aunque las caracteristicas de las
muestras, el disefio, los parametros de adquisicién y post-procesamiento de las imagenes y los
procedimientos estadisticos estan exhaustivamente descritos en cada uno de los articulos

originales, en este apartado se exponen los aspectos mas relevantes.

Se trata de tres trabajos observacionales de disefio caso-control cuyas muestras reunian
las mismas caracteristicas. Por un lado fueron reclutados pacientes ambulatorios adultos con
diagnodstico de Trastorno Depresivo Mayor (segin criterios DSM-IV) que realizaban
seguimiento en las Consultas Externas del Servicio de Psiquiatria del Hospital de la Santa Creu i

Sant Pau de Barcelona. Estos pacientes se dividian en tres grupos:

e Uno compuesto por pacientes con Trastorno Depresivo Crénico/resistente al
tratamiento, cuyo episodio en curso tenia una duracion de al menos 2 afios sin
respuesta a multiples estrategias antidepresivas, un indice de resistencia de Thase-
Rush >3 (i.e. fracaso con al menos tres ensayos terapéuticos, incluyendo
antidepresivos triciclicos, a dosis y tiempos suficientes; Thase & Rush, 1997) y una
puntuacion superior a 14 en la Hamilton Depression Rating Scale (HAM-D).

e Otro compuesto por pacientes con Trastorno Depresivo Mayor Recurrente en
remision, con al menos 3 episodios depresivos previos y que cumplieran criterios de
remisién clinica (puntuaciones en la HAM-D <7) de forma sostenida (al menos 6 meses

de recuperacién desde el ultimo episodio).
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® Y otro compuesto por pacientes que experimentaban su Primer Episodio Depresivo
Mayor, con un cuadro depresivo activo, recientemente diagnosticado y tratado en el

momento de la evaluacién.

Todos ellos debian ser diestros y de una edad similar en el momento de la exploracion
radioldgica. Los dos primeros grupos eran representativos de pacientes con una elevada carga
de enfermedad pasada aunque diferenciados por el estado sintomatico actual y la respuesta al
tratamiento. El tercer grupo era representativo de aquellos pacientes con una baja carga de
enfermedad, i.e. sin episodio previos, con una menor duracién total de la enfermedad y un

debut, en general, mas tardio.

Por ultimo, se reclutdé un cuarto grupo control de individuos sanos, diestros, sin historia
personal previa de ningun diagndstico psiquiatrico, tampoco de enfermedades neuroldgicas o
somaticas relevantes y sin antecedentes psiquiatricos conocidos en ningun familiar de primer
grado. En todos los casos, los individuos con historia de traumatismo cerebral, enfermedad

neuroldgica, abuso o dependencia de alcohol u otras drogas, excepto tabaco, fueron excluidos.

Todos los individuos eran evaluados por miembros del staff con experiencia clinica
mediante entrevistas semiestructuradas y revision de sus cursos clinicos, incidiendo en
particular en la historia de la enfermedad, comorbilidades, edad de debut y nimero de
episodios previos. El estado sintomatico ademas era evaluado mediante la HAM-D. Una vez
confirmados los criterios de inclusién/exclusidn, el paciente era sometido a una exploracidn
radiolégica mediante un protocolo de RMN especificamente disefiado, cuyos detalles se

recogen en los respectivos articulos.

En los tres trabajos, tras examinar las posibles diferencias en variables sociodemograficas o
clinicas, la hipodtesis principal era testada mediante un analisis multivariante tipo ANOVA con
contraste unilateral, tomando al grupo como el factor inter-sujetos y las concentraciones de

metabolitos o la FA, en cada caso, como variables dependientes. El estudio DTl no sdlo
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comparaba los valores de la FA media entre los cuatro grupos sino también las diferencias
regionales de la microestructura de sustancia blanca mediante la metodologia TBSS. Para cada
uno de los estudios, se considerd la inclusion de factores adicionales o covariables
potencialmente confusoras en los andlisis: el género en el primer trabajo (puesto que existian
diferencias significativas entre grupos), el volumen total del hipocampo y la composicion
relativa de sustancia gris/blanca en el volumen de interés en el segundo trabajo (con intencién
de superar las limitaciones de anteriores estudios publicados) y una estimacién cuantitativa de
la carga de medicacién en el tercer trabajo (mediante un método previamente descrito por
otros autores (Almeida et al., 2009; Sackeim, 2001) con el fin de controlar la posible influencia
del tratamiento farmacoldgico sobre las variables a estudio). En los trabajos de MRS, aquellos
metabolitos que mostraban diferencias en los analisis multivariantes eran incluidos en anlisis
de correlacién con el fin de explorar la influencia de las variables clinicas relacionadas con la
carga de enfermedad. En el caso del estudio DTI, se incluyeron las variables clinicas como
potenciales predictores independientes de los cambios de FA (variable dependiente) mediante

analisis de regresion multiple.
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Structural and neuropathological alterations in the ventromedial prefrontal cortex (vmPFC) described in
depression (MDD) might become even more pronounced over the course of illness. Measurement of
brain metabolites by means of Magnetic Resonance spectroscopy (MRS) can indirectly deliver infor-
mation about glial and neuronal integrity or potential cellular loss. The aim of this study was to inves-
tigate whether Glutamate (Glu), Choline (Cho) and total N-acetylaspartate (total-NAA) levels in the
vmPFC differed among MDD patients in distinct stages of illness and healthy controls. We hypothesized
that high-past illness-burden would represent more metabolite abnormalities independently of mood
state. A 3-Tesla MR facility was used to measure these metabolites in vmPFC of 45 depressive patients (10
first-episode-MDD, 16 remitted-recurrent-MDD and 19 chronic-MDD) and 15 healthy controls. Multi-
variate and correlation analyses were carried out to explore the influence of duration of illness, age at
onset and mood-state. Levels of Glu were significantly decreased in remitted-recurrent and chronic
patients compared with both first-episode and controls (up to 28% mean reduction; p < 0.001, Cohen’s
d = 2.88) and were negatively correlated with illness duration (r = —0.56; p < 0.001). Cho levels showed
an opposite pattern: highest values were detected in chronic patients, correlating positively with
duration of illness (r = 0.32; p = 0.03). Total-NAA levels were significantly lowered in remitted-recurrent
and chronic patients, which were associated with an earlier age at onset (r = 0.50; p = 0.001). Our data
suggest that abnormalities in Glu, Cho and total-NAA levels are consistently related to the course of MDD,
supporting the hypothesis that cellular changes would take place in vmPFC over time.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

key brain areas implied in the pathogenesis of depressive symp-
toms. The involvement of prefrontal cortex has been an important

Major depression (MDD) is a heterogeneous disorder with
a high risk of relapse/recurrence, an inconsistent response to
treatment, and no established mechanism. Given these charac-
teristics, the nature of neural abnormality that precipitates or
maintains MDD has yet to be described. Even more, the aberrant
brain changes that could take place along the course of the illness
are still little known. Numerous studies have sought to identify the

* Corresponding author. Tel.: +34 935537836; fax: +34 932919399.
E-mail address: fdiego@santpau.cat (J. de Diego-Adelifio).

0022-3956/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
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focus, particularly the ventromedial prefrontal cortex (vmPFC),
including anterior cingulate cortex (ACC) (Drevets, 2000; Drevets
et al.,, 2008a; Koenigs and Grafman, 2009). This area, densely
connected with parahippocampus and subsequently with hippo-
campus, is a major target for glucocorticoids, being potentially
exposed to the neurotoxic effects of a chronic sustained elevation
over the illness course (Gold et al., 2002; Hercher et al., 2009).
Despite the many studies reporting volumetric and functional
neuroimaging abnormalities in this region in patients with MDD
versus healthy comparison subjects (Drevets et al., 2008a;
Mayberg et al., 1999; Liotti et al., 2002; Greicius et al., 2007), not
so many have addressed the presence of deficiencies in prefrontal
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cellular neurochemistry in MDD. There is evidence that this brain
region is affected by neuropathological processes that could be
associated with altered availability of metabolites (Harrison, 2002)
including amino acid neurotransmitters. Given the importance of
glia in maintaining proper function of the glutamatergic system,
the observation of abnormal reductions in prefrontal glial cell
counts and density in postmortem studies of MDD (Rajkowska and
Miguel-Hidalgo, 2007) is likely to have a strong link with the
emerging line of research that highlights the contribution of
glutamate and other amino acid neurotransmitters systems in the
pathophysiology and treatment of mood disorders (Kugaya and
Sanacora, 2005).

Magnetic resonance spectroscopy (MRS) provides a useful
approach for quantization of in vivo amino acid neurotransmitters
and other metabolites in brain (see Yildiz-Yesiloglu and Ankerst, 2006
for a review). Conventional MRS applications give only a snapshot of
metabolite pool size rather than of pool kinetics, but they can indi-
rectly provide in vivo helpful information about cellular integrity and
potential cellular loss. Even though conflicting results have been
reported, recent studies converge to suggest Glutamate/Glutamine/
G-AminoButyric-Acid (Glu/GIn/GABA, respectively) as the most
common metabolites to show abnormalities in prefrontal areas of
MDD patients. Several previous works have reported lower Glu/Gln/
GABA values in the frontal lobes of adult and pediatric patients
with MDD compared to healthy controls (Auer et al., 2000; Michael
et al., 2003a; Pfleiderer et al.,, 2003; Mirza et al., 2004; Rosenberg
et al,, 2005; Hasler et al., 2007; Ajilore et al., 2007; Walter et al.,
2009). Glutamate serves as an important excitatory neurotrans-
mitter that contributes to a wide array of normal brain functions,
including regulation of neurotrophic factors and neuronal plasticity
although excess levels of this metabolite have been involved in
pathological conditions such as cerebral ischemia, traumatic brain
injury or chronic neurodegenerative states among others (Lipton and
Rosenberg, 1994). Based on the fact that glial cells, and particularly
astrocytes, supply the primary source of energy to neurons and also
furnish the major pathway for neuronal glutamate synthesis
(Magistretti et al., 1999; Rajkowska and Miguel-Hidalgo, 2007),
a provocative model proposed by Sanacora et al. (2003) suggests that
the impaired glial cell function in amygdala and prefrontal cortex
structures, observed in postmortem mood disorder samples, may
result in decreased synaptic glutamate uptake with a resultant
elevation of extracellular glutamate levels. The glial disruption and
elevated extracellular glutamate may further accelerate neuronal and
glial damage by its neurotoxic effect (Rothstein et al., 1993). These
assumptions could seem contradictory with reductions of Glu/Gln/
GABA levels found in prefrontal cortex of MDD patients by MRS
studies. It should be mentioned that this MRS spectrum is over-
poweringly composed by the intracellular pool contained in neurons
and especially in glia. Therefore, decreased signal of these metabo-
lites, instead of revealing potential abnormalities in extracellular
concentrations or in glutamatergic neurotransmission per se, might
account for the described anomalies of glial cells in prefrontal areas of
depressed patients. Taking into account that further MRS techniques
have been developed to overcome the Glu/GIn/GABA peak over-
lapping, specific Glu concentration at 3T field strength will better
mirror the status of glia.

By contrast, though Choline-containing compounds (Cho) seem
to be clearly increased in the basal ganglia of patients with MDD,
the presence of abnormalities in the Cho peak in prefrontal areas is
somewhat more controversial (Yildiz-Yesiloglu and Ankerst, 2006;
Nery et al., 2009; Kaymak et al., 2009; Milne et al., 2009). Since Cho
is hugely present in oligodendrocytes (Urenjak et al., 1993),
observed increases of Cho levels in MDD could also reflect abnor-
malities in glial function and/or myelinization (Yildiz-Yesiloglu and
Ankerst, 2006). Moreover, Cho is over-released from membrane
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stores normally under pathological conditions and could be
therefore conceived as a marker of cellular membrane turnover and
active neurodegeneration (Malhi et al., 2002).

N-acetylaspartate (NAA), that is considered to be a marker of
neuronal density or integrity, has also been investigated in MDD
patients in prefrontal regions yielding inconclusive findings to date
(Yildiz-Yesiloglu and Ankerst, 2006; Gonul et al., 2006; Ajilore et al.,
2007; Walter et al., 2009; Nery et al., 2009; Kaymak et al., 2009).
Although pathology of neurons in depression seems to be less
prominent than that of glial cells (Rajkowska and Miguel-Hidalgo,
2007), both cellular lines are closely related, since the latter is
known to be crucial for the efficient development and functioning of
neurons (Magistretti et al., 1999). Therefore, one could expect to find
alterations in prefrontal NAA peak in MDD, which would reflect
a primary neuronal damage or, at least, the downstream effects on
neuronal structures caused by defects in glia.

So far, most spectroscopic studies in MDD have focused on the
differences between patients and healthy controls, and on the
potential influence of illness severity, acute effects of therapeutic
strategies or treatment resistance (see for example Walter et al.,
2009; Block et al., 2009; Price et al., 2009). Nevertheless, the rela-
tionship between metabolic changes in vmPFC and other relevant
clinical variables, including length of depressive disorder, age at
onset or illness subtype, has not received nearly the attention it
deserves (Nery et al., 2009; Milne et al., 2009; Hasler et al., 2005).

The aim of this study was to investigate whether Glu levels in
the vmPFC differed between MDD patients in distinct stages of the
illness and healthy controls. In addition, we also investigated
differences of Cho and total NAA concentrations among these
groups of patients. We hypothesized that high-past illness burden
would imply more metabolite abnormalities independently of
mood state.

2. Materials and methods
2.1. Subjects

Sixty right-handed patients with MDD (DSM-IV-TR) aged
between 20 and 60 years old entered the study to undergo
a specifically designed MR protocol. Patients were split into three
different groups. One group of depressed participants was
comprised of individuals who were presenting for a first depressive
episode (n = 20, first-episode). The second group of patients
included individuals who had experienced three or more previous
episodes of MDD and were currently euthymic —for at least six
months— (n = 20, remitted-recurrent). The third group was
comprised of patients who had a chronic depressive disorder, with
a duration of last episode of more than 2 years with no response to
antidepressant strategies (n = 20, chronic). Likewise, twenty right-
handed healthy controls matched by age were also recruited.
Exclusion criteria for healthy participants were: lifetime psychiatric
diagnoses, first degree relatives with psychiatric diagnoses, and
clinically significant physical or neurological illness. Semi-struc-
tured interviews were carried out for all participants to collect
demographics and clinical information, including comorbid Axis I
conditions according to DSM-IV-TR criteria. Subjects with a history
of head injury, neurological illness, alcohol or substance abuse were
excluded from the study. Current depressive symptoms were
assessed using the Hamilton Depression Rating Scale (HDRS) by
experienced raters of the clinical staff. The study was approved by
the Research Ethics Board of Hospital de la Santa Creu i Sant Pau and
was carried out in accordance with the Declaration of Helsinki. All
subjects gave informed consent after a full explanation of the study
protocol.
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2.2. MRS scanning procedure

MR studies were obtained using a 3T Philips Achieva facility
(software version 2.1.3.2), and the SENSE 8-channel head-coil, using
adedicated acquisition protocol. This included a 3D-MPRAGE whole
brain sequence (Turbo Field Echo, TR = 6.7, TE = 3.1, Voxel
size = 1 x 1 x 1.2), on which 'H MRS (SVS-PRESS; TR = 2000;
TE = 38; NSA = 128; VOI = 2 x 2 x 2 cm, AutoWS-Prescan) was
obtained from the ventromedial region (Fig. 1A), which included the
rostral cingulate gyrus, and Broadmann’s areas 10, 24 and 32
(Talairach and Tournoux, 1988).

TH MRS raw data were exported, and then post-processed using
the LCModel (Provencher, 2001). This is an external reference
method that provides concentrations (mmol/l) of the single metab-
olite peaks. For the purposes of the current study, we analyzed Glu,
GIx (Glutamate + Glutamine), total NAA (N-acetylaspartate + N-
acetylaspartylglutamate), Cho (Glycerophosphocholine and Phos-
phocholine compounds) and Cr (Creatine). Apart from standard
manufacturer’s quality assurance (QA), weekly acquisitions of
a home-built NAA-phantom were also performed. All spectra were fit
with LCModel (SD% based on the Cramer-Rao lower bound), evalu-
ated by an experienced observer (BGA), and only good or acceptable
quality spectra (having standard deviations below 30% for quantifi-
cations of the main metabolites) were accepted.

2.3. Data analyses

Statistical analyses were performed in SPSS version 17. Demo-
graphics and clinical characteristics of groups were compared by
one-way analysis of variance. MRS measures were analyzed with
multivariate analysis using Wilk’s Lambda, and post hoc compari-
sons (Bonferroni test). Subsequently, metabolites were included in
bivariate correlation analyses in order to explore the influence of
duration of illness, age at onset and mood state. The results would
then be tested by means of a multivariate ANCOVA to confirm
validity of associations.
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3. Results

After visual assessment of the spectra, 70% of cases resulted
good/acceptable for analyses. Included spectra had SD% less than
22% for Glu and Glx, 16% for total NAA, 6% for Cr and 12% for Cho. An
exploratory analysis showed that the assumption of homoscedasti-
city among study groups was satisfied for all metabolites, except
for total NAA (Levene's test was not significant for Glu, GIx, Cho and
Cr; and for total NAA, F = 4.09, p = 0.01). Sample sizes were as
follows: first-episode patients: n = 10; remitted-recurrent patients:
n = 16; chronic patients: n = 19; healthy controls: n = 15. Demo
graphics and clinical data are summarized in Table 1. The four
groups were comparable for age. The number of females was
significantly higher in the remitted-recurrent and chronic groups,
when compared to first-episode patients, and healthy controls. For
this reason, gender was included as an additional factor in mul-
tivariate analyses. Antidepressant treatment was not distributed
similarly across the patients groups. As it can be observed in the
table, chronic patients received more second-line antidepressants,
antipsychotics and combined regimens compared with remitted-
recurrent and first-episode patients. Importantly, no relevant
differences regarding treatment were found between remitted-
recurrent and first-episode patients. Before performing MANOVA
analyses, an ANOVA was carried out so as to determine whether to
utilize absolute concentrations or ratios with Cr. Given that Cr
showed significant differences among the four groups (F = 8.28;

p < 0.001), absolute metabolite levels were then used.

3.1. Metabolite differences between groups

Metabolites concentrations in vmPFC of patients and healthy
controls are displayed in Table 2. Two-way MANOVA showed
astrong effect of group (F=2.90; p < 0.001), but no effect for neither
gender (F = 1.97; p > 0.05), or group x gender (F= 0.79; p > 0.05).
Between-subjects effects appeared for Glutamate (F = 21.70;
p < 0.001), total NAA (F = 4.82; p = 0.005) and Cho (F = 3.96;
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Fig. 1. Axial (A) and sagital (B) images showing a typical ventromedial prefrontal Volume of Interest (VOI); (C) Representative, post-processed (LCModel), "H MR spectrum: PRESS

acquisition at 3T, with TR = 2000 ms and TE = 38 ms.
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Table 1
Summary of demographics and clinical variables.

M,J. Portella et al. / Journal of Psychiatric Research 45 (2011) 427—434

Healthy Controls First Episode Remitted-Recurrent Chronic Patients
(n=15) (n=10) Patients (n = 16) (n=19)
Gender (% females)® 66% 50% 94% 79%
Age 4047 +11.6 44,50 + 8.7 4544 +13.9 50.95 +7.3
Age at onset® NA 4350 + 8.2 2525 + 8.1 27.84 +9.1
Duration of illness (years) NA 1.2+18 21.1+£98 22.8 +10.1
Number of previous episodes® NA NA 6.19 £ 5.0 6.56 + 6.8
HDRS at recruitment 246 £1.7 13+£97 444 £ 36 2139 £45
Treatment
o Antidepressant
SSRI or SSNRI NA 100% 75% 83.3%
TCA or MAOI® NA 10% 12.5% 44.4%
Others? NA 0% 18.8% 61.1%
Combination? NA 10% 18.8% 83.3%
No antidepressant NA 0% 12.5% 0%
o Stabilizer NA 0% 18.8% 22.2%
o Antipsychotic® NA 10% 12.5% 44.4%
o Benzodiazepine NA 30% 31.3% 50%

Values represent percentages or mean scores (+ standard deviations).

Abbreviations: HDRS = Hamilton Depression Rating Scale; SSRI = Selective Serotonine Reuptake Inhibitors; SSNRI = Selective Serotonine and Noradrenaline Reuptake
Inhibitors; TCA = Tricyclic Antidepressant; MAOI = Monoamine Oxidase Inhibitors; Others = Noradrenaline Reuptake Inhibitors, Noradrenaline and Dopamine Reuptake
Inhibitors, Tetracyclic antidepressants, Mirtazapine, Metilfenidate or Trazodone; Combination designs concomitant use of antidepressants with different mechanisms of action (e.g. SSRI
with reboxetine). Stabilizer includes anticonvulsivants and mostly lithium. Antipsychotic comprehends mainly atypical antipsychotics associated with antidepressants.

2 Significant differences among the 4 groups.

b Significant differences between first-episode and the two other patients groups.
¢ Significant differences between chronic and remitted-recurrent group.

4 Significant differences between chronic and the two other patients groups.

p = 0.01). Bonferroni post hoc analyses showed statistically signif-
icant lower values of Glu (Fig. 2, left side) and total NAA (Fig. 2,
middle) in remitted-recurrent and chronic patients, compared to
first-episode patients (p < 0.01), and to healthy controls (p < 0.05).
Interestingly, the concentrations of Cho showed the opposite
pattern (Fig. 2, right side): the highest values were observed in
chronic patients and the lowest in first-episode patients (p < 0.04).

3.2. Influence of duration of illness, age at onset and mood-state

Correlation analyses showed that Glu was negatively associated
to illness duration (r = —0.56, p < 0.001; see Fig. 3, left side), the
higher levels of this metabolite being present in patients having
a shorter duration. By contrast, longer illness duration was corre-
lated to higher levels of Cho (r = 0.32, p = 0.03; Fig. 3, middle). A
significant, negative correlation was also observed between illness
duration and total NAA, but, as we will see below, this association
was dispelled in MANCOVA analysis. In the opposite direction, an
earlier age at onset was related to lower levels of total NAA (r=0.50,
p = 0.001; Fig. 3, right side). There was no significant relation
between metabolite levels and HDRS scores in our sample (p > 0.2).

To avoid potential confusing effects and to confirm the robust-
ness of our results, a MANCOVA was performed including those
metabolites that showed differences among groups as dependent
variables, clinical variables as covariates (duration of illness, age at
onset and HDRS scores), and gender as a factor. The results showed

Table 2
Absolute metabolite concentrations in the ventromedial prefrontal region.

that, indeed, duration of illness had a significant main effect on
metabolite concentrations (F = 3.94, df = 3,36, p = 0.016). Between
subjects effects were observed on Glu (p = 0.02) and on Cho
(p = 0.009), but not on total NAA, vanishing its apparent relation
with duration of illness. Although age at onset did not reach
significance in main multivariate comparison (p = 0.08), a between-
subjects effect was now observed on total NAA (p = 0.03). The rest of
the variables did not show any effect on metabolites.

4. Discussion

To our knowledge, these exploratory results constitute the first
comparison of prefrontal brain metabolite concentrations among
different stages of MDD. The observation in our sample of higher
values of Glu at the beginning of the disorder and its progressive
decrement extends previous MRS studies, which had reported
reductions in Glu levels in the ACC and prefrontal brain cortex
when comparing depressive patients to healthy controls. The
decrease was of a relevant magnitude, reaching up to 25% in chronic
vs. first-episode patients. An opposite pattern was observed for
Cho: first-episode patients, together with healthy controls, showed
the lowest levels of Cho, having remitted-recurrent and chronic
patients the highest values. Interestingly, the tendency of
progressive changes of Glu and Cho metabolites was clearly related
to illness duration regardless the state of mood at scanning time.
Controls and patients with a first depressive episode in our sample

Metabolites

Healthy Controls

First Episode Patients Remitted-Recurrent Chronic Patients

(n=15) (n=10) Patients (n = 16) (n=19)
Glutamate (Glu) 9.33 + 0.84 8.99 + 0.64 7.18 +1.24 6.72 + 0.97
Glutamate + Glutamine (GIx) 1154 + 1.34 11.67 + 1.62 10.28 + 2.09 9.91 + 1.59
N-acetylaspartate + N-acetylaspartylglutamate (total NAA) 6.94 + 0.39 7.20 £ 0.72 6.22 + 1.06 6.25 + 0.45
Choline-containing compounds (Cho) 1.56 + 0.25 1.56 + 0.32 1.76 +£ 0.29 1.84 + 0.20
Creatine (Cr) 6.05 + 0.41 5.81 + 0.62 5.44 + 045 5.31 + 042

Values represent mean scores and standard deviations of metabolite concentrations expressed in mmol/l.

50




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

M,J. Portella et al. / Journal of Psychiatric Research 45 (2011) 427—434 431

Tt v g Bt | Tl Rkl

Gatamte ]
1 %
L] L] =
E ¥ L [ ] _;_ 0
I
! s - i | ] i
! [ i i
| i 1
- L [
I- "
- -
Cawdeain L Epranm Foperilland Mgy rrme] L Pwimwn el

Pawl i pasle  Weelied 8 e e (==

- Faldarak o el (Pl | P

-

+ .+
¥ i

T

e |1-r

[Sh

Cararndy. Powr Dpasoca B Ba o oL

Fig. 2. Absolute metabolites concentrations (Glu, total NAA and Cho) in vmPFC of healthy controls, patients with first-episode, remitted-recurrent and chronic depression. Group
means are displayed as horizontal bars. Remitted-recurrent patients were 23% lower than healthy controls (p < 0.001, Cohen’s d = 2.03) and 20% lower than first-episode (p < 0.001,
Cohen’s d = 1.83) in Glu concentrations. A similar pattern is observed for total NAA concentrations, remitted-recurrent being 10.4% lower than controls (p = 0.04, Cohen’s d = 0.97)
and 13.6% lower than first-episode (p = 0.007, Cohen’s d = 1.08). Chronic patients were 28% lower than healthy controls (p < 0.001, Cohen’s d = 2.88), and 25.3% lower than first-
episode (p < 0.001, Cohen’s d = 2.76) in Glu concentrations; moreover, they were 10% lower in total NAA values than healthy controls (p = 0.04, Cohen’s d = 1.65) and 13.2% lower
than first-episode (p = 0.007, Cohen’s d = 1.65). Regarding Cho levels, chronic patients were 18% higher than controls and first-episode (p = 0.02, Cohen’s d = —1.08 and p = 0.04,

Cohen’s d = —1.07, respectively). p values derived by Bonferroni’s post hoc tests.

showed higher total NAA levels compared to remitted-recurrent
and chronic patients. Association analyses showed, however, that
levels of such metabolite were not actually related to duration of
illness but to age at onset (that was earlier for our long-standing
depressive patients), so the disorder would begin before in those
patients with lower vmPFC total NAA levels.

Previous MRS studies in depression have already reported
concentrations of Glutamate/Glutamine to be abnormally reduced
in the ACC (Auer et al., 2000; Pfleiderer et al., 2003; Mirza et al.,
2004; Rosenberg et al., 2005; Walter et al., 2009), dorsomedial,
dorsolateral and ventromedial prefrontal cortex (Michael et al.,
2003a; Hasler et al., 2007) and subcortical regions including amy-
dala (Michael et al., 2003b; Ajilore et al., 2007). It is noteworthy that
by means of LCModel post-processing single Glu peaks were
obtained for the present study. Although hypothetically it would
reflect the combined intracellular and extracellular pool, Glu signal
is dominated overwhelmingly by the intracellular pool contained in
neurons and glia (ratio of intracellular—extracellular up to 5000:1;
Lehmann et al., 1983). Hence, it is unlikely that the abnormalities in
Glu observed in the current study mirror changes in the extracel-
lular compartment but they may account for the abnormal reduced
density of astrocytes and pyramidal glutamatergic neurons found in
postmortem brains in MDD (Rajkowska and Miguel-Hidalgo, 2007).
Indeed, contribution of amino acid systems to the pathophysiology
of depression has raised great expectation in the last decade,
heightened by promising results of NMDA glutamatergic receptor
antagonists (Berman et al., 2000; Brennan et al., 2010). In this
regard, the model proposed by Sanacora et al. (2003) described how
impaired glial function could lead to decreases in Glu pools in

depressed patients. The regions displaying reductions in glial cell
counts include the dorsal anterolateral prefrontal cortex, ACC,
orbitofrontal cortex, and amygdala (Cotter et al., 2001; Rajkowska
et al,, 1999; Ongiir et al., 1998; Bowley et al., 2002; Cotter et al.,
2002; Uranova et al., 2004). Our results implicate that these histo-
pathologic changes in vmPFC would occur along the progression of
the disease.

On the other hand, Cho increase found in our study in long-
standing MDD subjects as compared to first-episode MDD and
controls could be interpreted at least in two different ways. Since
oligodendrocytes are particularly rich in this metabolite (Urenjak
et al., 1993), vmPFC abnormalities in myelinization and/or glial
function along the course of the illness may underlie the
augmented Cho concentrations observed herein. Alternatively, Cho
signal is predominantly composed of by-products of phosphoti-
dylcholine hydrolysis (Klein et al., 1993), therefore increased Cho
levels may also reflect neuronal membranes breakdown and/or
alterations in cellular signal transduction systems in the prefrontal
cortex caused by past illness burden. Similarly, a previous study has
recently reported Cho to be significantly increased in the hippo-
campus of patients with extensive past illness (Milne et al., 2009).
Considered part of the limbic system, the vmPFC mediates many
behaviours influenced by stress, since it is also a major target for
glucocorticoids. This area displays reciprocal connections to the
parahippocampal gyrus, and thus to the hippocampus, which plays
an important role in the response to stress, being presumably
exposed to its potential neurotoxic effects in chronic stress condi-
tions. Considering that chronic stress could act as a trait-dependent
risk factor in MDD, one might predict that structures strongly
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Fig. 3. Scatter plots showing correlation of duration of illness with Glu and Cho concentrations in subjects with major depression (n = 45) and correlation of age at onset with total
NAA in these patients (n = 45). Bold and dotted lines represent the interpolation lines and their 95% confidence intervals, respectively.
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connected to the hippocampus, such as the vmPFC, are more likely
to be affected at the cellular level. In this regard, metabolic alter-
ations observed in our study could feasibly reflect such affectation.
Therefore, abnormal glial reductions observed in postmortem MDD
patients might be related to remodeling processes in the prefrontal
areas either as a cause or consequence of illness burden, which
could be determined in vivo by means of Glu and Cho spectra.

Our finding of decreased levels of total NAA in vmPFC of patients
with chronic and remitted-recurrent depression associated with an
earlier onset leads us to believe that it would play a modulating role
in the establishment of the illness, probably acting as a vulnera-
bility neurobiological trait, since the decrease was independent of
symptomatic state. It should be noted that our first-episode sample
was on average middle-aged at the debut of the illness, which could
explain significant differences with the rest of depressive patients,
who had had an earlier beginning of the disorder. NAA has been
postulated as a marker of neuronal density or integrity (Urenjak
et al., 1993), being a key factor in cell signaling between neurons
and glial cells (Baslow, 2000). For this reason, diminished total NAA
levels might represent a reduction of neuronal population within
this area or, at least, neuronal dysfunction. The former hypothesis
would seem to be in agreement with previous neuroimaging
studies that have reported structural changes and volumetric gray
matter reductions in medial prefrontal regions, specially in sub-
genual ACC (Coryell et al, 2005), but neuropathological post-
mortem studies have revealed that these abnormalities would be
more associated with reductions in glia than in neurons (Drevets
et al., 2008b). More feasibly, low total NAA levels could involve
more complex damages in prefrontal neuronal cells, as those
reported by Cotter et al. (2001), who described neuronal size
reductions without significant changes in neuronal density in the
ACC of MDD patients. Such anomalies, might, in turn, augment the
vulnerability to suffer from depression.

There are several methodological issues of the present study
which merit comment. First of all, the MRS data were acquired
using a 3-T MR facility, which provides a higher signal-to-noise
ratio and a better separation among metabolite peaks. For this
reason, by means of the LCModel, analysis of the specific gluta-
matergic resonances was possible. Secondly, the location of VOI is
centered in a key area implicated in affective disorders, which
includes the ACC and portions of the adjacent prefrontal gyri. The
selected voxel size permitted an acceptable spatial resolution;
however, it precluded the ability to distinguish metabolic differ-
ences across these specific anatomical subregions or grey/white
matter segments. In this regard, it would have been clarifying to
weigh up the magnitude of metabolic changes by means of volu-
metric differences or tissue segmentation, as previously high-
lighted by Milne et al. (2009) and Brennan et al. (2010).
Nevertheless, our VOI was not located on a unique brain structure,
but on a wider region, not allowing determination of precise
volumes. Thirdly, individual absolute metabolite concentrations
were obtained. Early spectroscopic studies have used total Cr as an
internal standard. However, this is an acceptable approach only if
the absolute concentration of Cr is stable, and it is still quite
controversial whether this can be assumed in both unipolar and
bipolar depression, at least in the prefrontal cortex (Gruber et al.,
2003; Frey et al,, 2007). In fact, in our study notable differences
in Cr among groups were also observed, showing diminished Cr
levels in depressed samples. Cr plays an important role in brain
energy metabolism and its levels can be modulated by conditions of
energy production and demand (Frey et al., 2007) thus, one might
be tempted to understand these findings as a proof of abnormalities
in prefrontal cellular energy production. Nonetheless, we preferred
to be cautious with such interpretation since no a priori hypothesis
was made and this topic would have deserved further careful
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analyses. More importantly, the results bring into question again
the advisability of using Cr as an internal standard or reference ratio in
mood disorders spectroscopic research. Fourthly, although there were
gender differences among groups, after controlling for its effect,
the results were not affected. Fifthly, age at onset was later in first-
episode patients. Since it is well established that there are brain
metabolite changes associated with normal aging (Kaiser et al.,
2005), all participants were required to be similarly aged at the time
of scanning in order to avoid the potential confounding effect. This,
in turn, yielded to ineluctable age differences at the debut of illness.
In our opinion this is the best option to explore the effect of illness
burden on metabolite changes through a cross-sectional design. It
is well known that this kind of design provides limited information,
so longitudinal studies, that track spectroscopic changes in MDD
patients over disease onset and through follow-up, would be more
adequate. Sixthly, all patients were on medication which could
imply a strong limitation, since previous works had already reported
metabolite changes caused by antidepressant treatments (Block et
al.,, 2009; Price et al., 2009). We aimed at recruiting a
representative sample of non-elderly adults with moderate-
severe MDD in different stages of illness. One might argue that the
metabolite changes observed in our study could be explained in
terms of how and for how long these patients had been treated
rather than duration of illness itself. However, this possibility
seems unlikely because the direction of metabolite changes re-
ported herein is in agreement with previous studies, even with
those focusing on drug-free patients (Mirza et al., 2004; Rosenberg
et al., 2005; Hasler et al., 2007). Additionally, whereas chronic
patients appear to receive more often combined treatments
(comprising more than one antidepressant and/or atypical anty-
psychotics), remitted-recurrent and first-episode patients did
not differ in their prescription regimens. Therefore, the potential
confounding effects of medication would then be equally repres-
ented in short and long-standing depression groups and, in any
case, would have underestimated the differences, especially
between healthy controls and first-episode depressive patients.

5. Conclusions

In summary, we found decreased Glu and total NAA
concentrations and increased Cho levels in the vmPFC of long-
standing MDD patients. Abnormalities in Glu and Cho resonances were
more pronounced in patients with chronic or remitted-recur-
rent depression and consistently related to illness duration, suggest-
ing that the course of the illness may be an important factor to explain
such metabolite abnormalities, rather than mood state. These
results would provide support for the hypothesis that there are
cellular changes, mainly in glia, taking place within the ventro-
medial prefrontal region over the course of MDD. It remains to be
elucidated whether these deficiencies in cellular neurochemistry
are primary or secondary to disease progress, but, anyway, they
could still have significant pathogenic implications. More import-
antly, the present findings would open up new diagnostic
approaches and therapeutic goals, stressing the consequences of
being ill for longer periods and, thus, intending more adequate and
specific antidepressant treatments (perhaps with novel mech-
anisms of action as glutamatergic modulating agents) from the early
stages of illness in order to avoid the potential neurotoxic changes
presumably associated with further relapses and chronicity.

Role of funding source
This work was supported by Centro de Investigacién Biomédica

en Red de Salud Mental (CIBERSAM), Ministerio de Ciencia e
Innovacion, and co-funded by Fondo Europeo de Desarrollo




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

M,J. Portella et al. / Journal of Psychiatric Research 45 (2011) 427—434 433

Regional (FEDER). In addition, it was partly supported by grant FIS
07/770, and by research funding from Boehringer-Ingelheim, Spain.

Contributors

MJP, VP, EA and BGA designed the study and wrote the protocol.
MJP and JDA managed the literature searches and analyses. BGA,
RMF and YV performed and analyzed the NMR spectroscopy. JDA,
DP, RP, EA and VP performed the recruitment and psychopatho-
logical assessment of the patients. MJP and JDA undertook the
statistical analysis, and wrote the first draft of the manuscript. All
authors contributed to and have approved the final manuscript.

Conflict of interest

Dr. Victor Pérez declares having received educational honoraria
from: Sanofi-Aventis, Lundbeck, Pfizer, AstraZenecaand Eli Lilly,
and research funding from Boehringer-Ingelheim for this work. Dr.
Enric Alvarez has received consulting and educational honoraria
from several pharmaceutical companies including Eli Lilly, Sanofi-
Aventis, Lundbeck and Pfizer, and he has participated as main local
investigator in clinical trials from Eli Lilly, Bristol-Myers and Sanofi-
Aventis and also as national coordinator of clinical trials from
Servier and Lundbeck. The rest of authors declare no financial
interests or potential conflicts of interest related directly or indi-
rectly to this work.

Acknowledgements

We thank the staff of the Deparment of Psychiatry and the
Department of Neuroradiology of Hospital de la Santa Creu i Sant
Pau for their assistance with the study. We also give thanks to the
patients who participated in the current study for their kindly co-
operation.

References

Ajilore O, Haroon E, Kumaran S, Darwin C, Binesh N, Mintz J, et al. Measurement of
brain metabolites in patients with type 2 diabetes and major depression using
proton magnetic resonance spectroscopy. Neuropsychopharmacology 2007;32:
1224-31.

Auer DP, Piitz B, Kraft E, Lipinski B, Schill J, Holsboer F. Reduced glutamate in the
anterior cingulate cortex in depression: an in vivo proton magnetic resonance
spectroscopy study. Biological Psychiatry 2000;47:305—13.

Baslow MH. Functions of N-acetyl-L-aspartate and N-acetyl-L-aspartylglutamate in
the vertebrate brain: role in glial cell-specific signaling. Journal of Neuro-
chemistry 2000;75:453-9.

Berman RM, Cappiello A, Anand A, Oren DA, Heninger GR, Charney DS, et al.
Antidepressant effects of ketamine in depressed patients. Biological Psychiatry
2000;47:3514.

Block W, Trdber F, von Widdern O, Metten M, Schild H, Maier W, et al. Proton MR
spectroscopy of the hippocampus at 3 T in patients with unipolar major
depressive disorder: correlates and predictors of treatment response. Interna-
tional Journal of Neuropsychopharmacology 2009;12:415-22.

Bowley MP, Drevets WC, Ongiir D, Price JL. Low glial numbers in the amygdala in
major depressive disorder. Biological Psychiatry 2002;52:404—12.

Brennan BP, Hudson ]I, Jensen JE, McCarthy ], Roberts JL, Prescot AP, et al. Rapid
enhancement of glutamatergic neurotransmission in bipolar depression
following treatment with riluzole. Neuropsychopharmacology 2010;
35:834-46.

Coryell W, Nopoulos P, Drevets W, Wilson T, Andreasen NC. Subgenual prefrontal
cortex volumes in major depressive disorder and schizophrenia: diagnostic
specificity and prognostic implications. American Journal of Psychiatry
2005;162:1706—12.

Cotter D, Mackay D, Landau S, Kerwin R, Everall I. Reduced glial cell density and
neuronal size in the anterior cingulate cortex in major depressive disorder.
Archives of General Psychiatry 2001;58:545—53.

Cotter D, Mackay D, Chana G, Beasley C, Landau S, Everall IP. Reduced neuronal size
and glial cell density in area 9 of the dorsolateral prefrontal cortex in subjects
with major depressive disorder. Cerebral Cortex 2002;12:386—94.

Drevets WC. Neuroimaging studies of mood disorders. Biological Psychiatry
2000;48:813-29.

Drevets WC, Price JL, Furey ML. Brain structural and functional abnormalities in
mood disorders: implications for neurocircuitry models of depression. Brain
Structure and Function 2008a;213:93—-118.

53

Drevets WC, Savitz ], Trimble M. The subgenual anterior cingulate cortex in mood
disorders. CNS Spectrums 2008b;13:663—81.

Frey BN, Stanley JA, Nery FG, Monkul ES, Nicoletti MA, Chen HH, et al. Abnormal
cellular energy and phospholipid metabolism in the left dorsolateral prefrontal
cortex of medication-free individuals with bipolar disorder: an in vivo '"H MRS
study. Bipolar Disorder 2007;(Suppl. 1):119-27.

Gold PW, Drevets WC, Charney DS. New insights into the role of cortisol and the
glucocorticoid receptor in severe depression. Biological Psychiatry 2002;52:381-5.

Gonul AS, Kitis O, Ozan E, Akdeniz F, Eker C, Eker OD, et al. The effect of antide-
pressant treatment on N-acetylaspartate levels of medial frontal cortex in
drug-free depressed patients. Progress in Neuropsychopharmacology & Bio-
logical Psychiatry 2006;30:120-5.

Greicius MD, Flores BH, Menon V, Glover GH, Solvason HB, Kenna H, et al. Resting-
state functional connectivity in major depression: abnormally increased
contributions from subgenual cingulate cortex and thalamus. Biological
Psychiatry 2007;62:429—37.

Gruber S, Frey R, Mlynérik V, Stadlbauer A, Heiden A, Kasper S, et al. Quantification
of metabolic differences in the frontal brain of depressive patients and controls
obtained by H MRS at 3 Tesla. Investigative Radiology 2003;38:403—8.

Harrison PJ]. The neuropathology of primary mood disorder. Brain 2002;125:
1428—49.

Hasler G, Neumeister A, van der Veen JW, Tumonis T, Bain EE, Shen ], et al. Normal
prefrontal gamma-aminobutyric acid levels in remitted depressed subjects
determined by proton magnetic resonance spectroscopy. Biological Psychiatry
2005;58:969-73.

Hasler G, Van der Veen JW, Tumonis T, Meyers N, Shen ], Drevets WC. Reduced
prefrontal Glutamate/Glutamine and -aminobutyric acid levels in major
depression determined using proton magnetic resonance Sspectroscopy.
Archives of General Psychiatry 2007;64:193—200.

Hercher C, Turecki G, Mechawar N. Through the looking glass: examining neuro-
anatomical evidence for cellular alterations in major depression. Journal of
Psychiatric Research 2009;43:947—61.

Kaiser LG, Schuff N, Cashdollar N, Weiner MW. Age-related glutamate and gluta-
mine concentration changes in normal human brain: "HMRspectroscopy study
at 4 T. Neurobiology of Aging 2005;26:665—72.

Kaymak SU, Demir B, Oguz KK, Sentiirk S, Ulug B. Antidepressant effect detected on
proton magnetic resonance spectroscopy in drug-naive female patients with
first-episode major depression. Psychiatry and Clinical Neurosciences 2009;63:
350—6.

Klein J, Gonzalez R, Koppen A, Loffelholz K. Free choline and choline metabolites in
rat brain and body fluids: sensitive determination and implications for choline
supply to the brain. Neurochemistry International 1993;22:293—-300.

Koenigs M, Grafman J. The functional neuroanatomy of depression: distinct roles for
ventromedial and dorsolateral prefrontal cortex. Behavioural Brain Research
2009;201:239—-43.

Kugaya A, Sanacora G. Beyond monoamines: glutamatergic function in mood
disorders. CNS Spectrums 2005;10:808—19.

Lehmann A, Isacsson H, Hamberger A. Effects of in vivo administration of kainic acid
on the extracellular amino acid pool in the rabbit hippocampus. Journal of
Neurochemistry 1983;40:1314—20.

Liotti M, Mayberg HS, McGinnis S, Brannan SL, Jerabek P. Unmasking dis-
ease-specific cerebral blood flow abnormalities: mood challenge in patients
with remitted unipolar depression. American Journal of Psychiatry 2002;159:
1830—40.

Lipton SA, Rosenberg PA. Excitatory amino acids as a final common pathway for
neurologic disorders. New England Journal of Medicine 1994;3330:613—22.
Magistretti PJ, Pellerin L, Rothman DL, Shulman RG. Energy on demand. Science

1999;283:496—7.

Malhi GS, Valenzuela M, Wen W, Sachdev P. Magnetic resonance spectroscopy and
its applications in psychiatry. The Australian and New Zealand Journal of
Psychiatry 2002;36:31—43.

Mayberg HS, Liotti M, Brannan SK, McGinnis S, Mahurin RK, Jerabek PA, et al.
Reciprocal limbic-cortical function and negative mood: converging PET findings
in depression and normal sadness. American Journal of Psychiatry 1999;156:
675—-82.

Michael N, Erfurth A, Ohrmann P, Arolt V, Heindel W, Pfleiderer B. Metabolic
changes within the left dorsolateral prefrontal cortex occurring with electro-
convulsive therapy in patients with treatment resistant unipolar depression.
Psychological Medicine 2003a;33:1277—84.

Michael N, Erfurth A, Ohrmann P, Arolt V, Heindel W, Pfleiderer B. Neurotrophic
effects of electroconvulsive therapy: a proton magnetic resonance study of the
left amygdalar region in patients with treatment-resistant depression. Neuro-
psychopharmacology 2003b;28:720-5.

Milne A, MacQueena GM, Yucela K, Sorenia N, Hall GBC. Hippocampal metabolic
abnormalities at first onset and with recurrent episodes of a major depressive
disorder: a proton magnetic resonance spectroscopy study. Neuroimage
2009;47:36—41.

Mirza Y, Tang ], Russell A, Banerjee SP, Bhandari R, Ivey ], et al. Reduced anterior
cingulate cortex glutamatergic concentrations in childhood major depression.
Journal of the American Academy of Child and Adolescent Psychiatry
2004;43:341-8.

Nery FG, Stanley JA, Chen HH, Hatch JP, Nicoletti MA, Monkul ES, et al. Normal
metabolite levels in the left dorsolateral prefrontal cortex of unmedicated major
depressive disorder patients: a single voxel (1)H spectroscopy study. Psychiatry
Research 2009;174:177—-83.




RESULTADOS

434 M,J. Portella et al. / Journal of Psychiatric Research 45 (2011) 427—434

Ongiir D, Drevets WC, Price JL. Glial reduction in the subgenual prefrontal cortex in
mood disorders. Proceedings of the National Academy of Sciences of the USA
1998;95:13290-5.

Pfleiderer B, Michael N, Erfurth A, Ohrmann P, Hohmann U, Wolgast M, et al.
Effective electroconvulsive therapy reverses glutamate/glutamine deficit in the
left anterior cingulum of unipolar depressed patients. Psychiatry Research
2003;122:185-92.

Price RB, Shungu DC, Mao X, Nestadt P, Kelly C, Collins KA, et al. Amino acid
neurotransmitters assessed by proton magnetic resonance spectroscopy: rela-
tionship to treatment resistance in major depressive disorder. Biological
Psychiatry 2009;65:792—800.

Provencher SW. Automatic quantitation of localized in vivo 1H spectra with
LCModel. NMR in Biomedicine 2001;14:260—4.

Rajkowska G, Miguel-Hidalgo JJ, Wei ], Dilley G, Pittman SD, Meltzer HY, et al.
Morphometric evidence for neuronal and glial prefrontal cell pathology in
major depression. Biological Psychiatry 1999;45:1085—-98.

Rajkowska G, Miguel-Hidalgo JJ. Gliogenesis and glial pathology in depression. CNS
& Neurological Disorders — Drug Targets 2007;6:219—-33.

Rosenberg DR, Macmaster FP, Mirza Y, Smith JM, Easter PC, Banerjee SP, et al.
Reduced anterior cingulate glutamate in pediatric major depression: a magnetic
resonance spectroscopy study. Biological Psychiatry 2005;58:700—4.

54

Rothstein JD, Jin L, Dykes-Hoberg M, Kuncl RW. Chronic inhibition of glutamate
uptake produces a model of slow neurotoxicity. Proceedings of the National
Academy of Sciences of the USA 1993;90:6591-5.

Sanacora G, Rothman DL, Mason G, Krystal JH. Clinical studies implementing
glutamate neurotransmission in mood disorders. Annals of the New York
Academy of Sciences 2003;1003:292—308.

Talairach J, Tournoux P. Co-planar stereotaxic atlas of the human brain. New York:
Thieme; 1988.

Uranova NA, Vostrikov VM, Orlovskaya DD, Rachmanova VI. Oligodendroglial density
in the prefrontal cortex in schizophrenia and mood disorders: a study from the
Stanley Neuropathology Consortium. Schizophrenia Research 2004;67:269—75.

Urenjak J, Williams SR, Gadian DG, Noble M. Proton nuclear magnetic resonance
spectroscopy unambiguously identifies different neural cell types. Journal of
Neuroscience 1993;13:981-9.

Walter M, Henning A, Grimm S, Schulte RF, Beck ], Dydak U, et al. The relationship
between aberrant neuronal activation in the pregenual anterior cingulate,
altered glutamatergic metabolism, and anhedonia in major depression.
Archives of General Psychiatry 2009;66:478—86.

Yildiz-Yesiloglu A, Ankerst DP. Review of 1H magnetic resonance spectroscopy
findings in major depressive disorder: a meta-analysis. Psychiatry Research
2006;147:1-25.




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

55



RESULTADOS

TRABAJO 2:

de Diego-Adelino, J., Portella, M. J.,, Gomez-Anson, B., Lopez-Moruelo, O., Serra-Blasco, M.,
Vives, Y., et al. (2013). Hippocampal abnormalities of glutamate/glutamine, N-acetylaspartate
and choline in patients with depression are related to past illness burden. J Psychiatry
Neurosci, 38(2), 107-116.

56



MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

Research Paper

Hippocampal abnormalities of glutamate/glutamine,
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Background: Smaller hippocampal volumes in major depressive disorder (MDD) have been linked with earlier onset, previous recurrences
and treatment refractoriness. The aim of our study was to investigate metabolite abnormalities in the hippocampus associated with past
depressive illness burden. Methods: Glutamate/glutamine (Glx), N-acetylaspartate (NAA) and choline (Cho), potential markers of glial/
neuronal integrity and membrane turnover, respectively, were measured in adults with depression and healthy controls using a 3 T magnetic
resonance spectroscopy scanner. Voxels were placed in the head of the right and left hippocampus. We controlled for systematic differ-
ences resulting from volume-of-interest (VOI) tissue composition and total hippocampal volume. Results: Our final sample comprised a total
of 16 healthy controls and 52 adult patients with depression in different stages of the illness (20 treatment-resistant/chronic, 18 remitted-
recurrent and 14 first-episode), comparable for age and sex distribution. Patients with treatment-resistant/chronic and remitted-recurrent
depression had significantly lower levels of Glx and NAA than controls, especially in the right hippocampal region (p < 0.025). Diminished
levels of GIx were correlated with longer iliness duration (left VOI r = -0.34, p = 0.01). By contrast, Cho levels were significantly higher in
patients with treatment-resistant/chronic depression than those with first-episode depression or controls in the right and left hippocampus
(up to 19% higher; all p < 0.025) and were consistently related to longer illness duration (right VOI r = 0.30, p = 0.028; left VOI r = 0.38,
p = 0.004) and more previous episodes (right VOI r = 0.46, p = 0.001; left VOI r = 0.44, p = 0.001). Limitations: The cross-sectional design
and the inclusion of treated patients are the main limitations of the study. Conclusion: Our results support that metabolite alterations within
the hippocampus are more pronounced in patients with a clinical evolution characterized by recurrences and/or chronicity and add further
evidence to the potential deleterious effects of stress and depression on this region.

Introduction highly stress-sensitive structure, since a dysregulation of glu-

cocorticoid secretion in stress-induced situations — and the ac-
The hippocampus is considered a crucial brain region within companying increased activity of excitatory amino acid neuro-
the limbic system, playing a determinant role in emotion regu- transmitters — could result in either potentially reversible
lation and in major depressive disorder (MDD).! It is also a remodelling or irreversible cell damage in the hippocampus of
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patients with MDD.? There is considerable evidence suggest-
ing that the hippocampus could be seriously affected in pa-
tients with depression. Two meta-analyses** concluded that
the hippocampus was bilaterally smaller in people with MDD
than matched controls. Numerous studies have linked such
volume reductions to greater severity of depression, younger
age at onset of illness, greater number of previous episodes or
nonresponsiveness to treatment.’

In contrast, little is known about the neuropathological hip-
pocampal changes that underly the past burden of illness in
patients with MDD. Few postmortem works have proven cel-
lular loss in the hippocampus of depressed patients, but re-
ports are consistent about more subtle abnormalities in neur-
ons and glia, such as those showing reductions in neuronal
soma size and in neuropil (i.e., the dense tangle of axon ter-
minals, dendrites and glial cell processes).” These deficiencies
in the cellular integrity and potential cellular loss in the hip-
pocampus should be indirectly detectable by proton magnetic
resonance spectroscopy (MRS), as it is a noninvasive neuro-
imaging technique that allows in vivo quantification of
diverse metabolites in localized brain regions. Glutamate/
glutamine (Glx or Glu/Gln, respectively), choline-containing
compounds (Cho) or N-acetylaspartate (NAA) are some of the
metabolites measurable by MRS that are most commonly im-
plicated in MDD.* Glutamate-related metabolites mainly rep-
resent the intracellular pool contained in pyramidal gluta-
matergic neurons and glia, particularly in astrocyctes.
Therefore, decreases on that signal may account for defects in
these cellular lines.” Resonance of Cho can be conceived as an
indirect measure of membrane turnover.” Primarily present
in neurons, NAA is suggested to be a marker of neuronal vi-
ability and functionality."

In last decade, a large and compelling body of literature on
biochemical changes in MDD has appeared, but only a few
works have focused on the hippocampus, sometimes leading
to inconsistent conclusions. Two studies reported diminished
levels of Glx within the head of the left hippocampus in se-
verely ill patients with treatment-resistant depression? and
untreated patients with first-episode depression,” although a
subsequent study by Milne and colleagues™ was unable to
confirm such a finding. With regard to Cho concentrations,
patients with treatment-resistant depression” or with previ-
ous recurrences' have been shown to have a greater spectro-
scopic signal in the hippocampus, although other authors
have reported low or normal Cho levels in patients with a
current depressive episode, with subsequent increases after
successful response to electroconvulsive therapy™ or pharma-
cological treatment.” Previous studies of hippocampal levels
of NAA have failed to observe deficiencies in depressed pa-
tients® despite alterations in neuroplasticity and/or neuro-
genesis having been repeatedly suggested to underlie
MDD.*¥ Nevertheless, some works have revealed increases
in NAA levels associated with treatment response.*

Some of the inconsistencies among the studies can be attrib-
uted to methodological issues® (e.g., the lack of consideration
for structural differences on the region studied") whereas
others can be related to clinical differences of the samples in-
cluded. In fact, the influence of relevant illness course variables

(e.g., duration of illness, number of previous episodes, age at
onset of illness) on metabolite changes has not been well
established until now. Our group recently reported abnormal-
ities in Glu, NAA and Cho that were consistently related to
the course of illness within the ventromedial prefrontal
cortex (vimPFC) of patients with MDD, supporting the idea
that greater past illness burden (measured by longer illness
duration, earlier onset of illness, recurrences and treatment
resistance) entails more defects in cellular neurochemistry.*

The present study investigated whether alterations of Glx,
NAA and Cho levels in the left and right hippocampus
differed between patients with MDD in distinct stages of ill-
ness and healthy controls, as previously observed in the
vmPFC. We hypothesized that a substantial past illness bur-
den would imply more metabolite abnormalities in the
medial temporal region, independent of mood state.

Methods

Participants

A group of right-handed adult patients with MDD (DSM-IV-
TR criteria) underwent a specifically designed magnetic reson-
ance protocol. We recruited them from the outpatient service of
the Department of Psychiatry, Hospital de la Santa Creu i Sant
Pau, Barcelona, Spain, as part of a bigger project whose main
purpose was to establish in vivo neuroimaging markers of clin-
ical illness burden. Most of the patients included in the present
study were different from those included in previous work by
our group” (only 11 patients were used in both studies), as the
quality of spectra varied considerably from vmPFC to medial
temporal volume-of-interest (VOI) locations. Patients were
split into 3 different groups. One comprised depressed parti-
cipants with greater past illness burden (> 3 previous episodes of
MDD) who were euthymic (score < 8 on the Hamilton
Rating Scale for Depression [HAM-D]"”) in at least the
6 months preceding the study (remitted-recurrent group). The
second group comprised patients who had a chronic depress-
ive disorder and whose last episode had a duration of more
than 2 years, with no response to several antidepress-
ants (treatment-resistant/chronic group). The third group
comprised patients with a newly diagnosed first episode of
depression who were currently depressed and being treated
at the time of scanning. The first-episode group was repres-
entative of depressed patients with low illness burden (i.e., no
previous episodes, shorter illness duration and later age at onset
of illness), and participants were of similar age to those in the
rest of the groups. Likewise, we recruited right-handed
healthy controls with comparable age and sex distribution to
that in the patient groups from among restaurant staff, tech-
nical support workers and graduate students at Hospital de la
Santa Creu i Sant Pau. Controls received monetary compen-
sation for their participation. Exclusion criteria for controls
were lifetime psychiatric diagnoses, first-degree relatives with
psychiatric diagnoses and clinically important physical or
neurologic illness. We conducted semistructured interviews for
all participants to collect demographic and clinical inform-
ation, including comorbid Axis I conditions according to
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DSM-IV-TR criteria. Experienced clinical staff assessed cur-
rent depressive symptoms using the HAM-D. Participants
with a history of head injury, neurologic illness, alcohol or
substance abuse were excluded from the study. The study
was approved by the Research Ethics Board of Hospital de la
Santa Creu i Sant Pau and was carried out in accordance with
the Declaration of Helsinki. All participants provided in-
formed consent after a full explanation of the study protocol.

MRS scanning procedure

We obtained MRS images using a 3 T Philips Achieva scan-
ner (software version 2.1.3.2) and a SENSE 8-channel head
coil with a dedicated acquisition protocol. This included a 3-
dimensional magnetization-prepared rapid-acquisition gradient
echo (3D-MPRAGE) whole-brain sequence (turbo field echo,
repetition time [TR] 6.7 ms, echo time [TE] 3.1 ms, voxel size 1
x 1 x1.2), on which 'H-MRS (single-voxel spectroscopy with
point resolved excitation spin-echo sequence; TR 2000
ms, TE 38 ms, numbers of signals averaging 128, VOI 2 x
2 x 2 cm, AutoWS-Prescan) images were obtained from
the left and right medial temporal regions (Fig. 1, left
side). First, borders of hippocampal voxels were aligned
to the head of the hippocampus bilaterally as the anterior
edge on the sagittal view. Then, the medial edge was set to
be lateral to the medial border of the right and left
hippocampus using the coronal series. Therefore, VOIs
included the head of the hippocampus and surrounding
white and grey matter, as well as cerebrospinal fluid (CSF).

The 'H-MRS raw data were exported and then post-
processed using LCModel.® This is an external ref-
erence method that provides concentrations (in millimoles) of
the single metabolite peaks. For the purposes of the present
study, we included the following metabolites: Glx (Glu/GIn
peak, mainly dominated by Glu®), NAA (N-acetylaspartate

+ N-acetylaspartate-glutamate) and Cho (glycerophospho-
choline and phosphocholine compounds). Apart from stan-
dard manufacturer’s quality assurance, weekly acquisitions
of a home-built NAA phantom were also performed. All
spectra were fit with LCModel (percent standard deviation
[SD%] based on the Cramér-Rao lower bound), evaluated by
an experienced observer (B.G.A.), and only good quality
spectra (SD < 20% for quantifications of the main metab-
olites) were accepted (see Fig. 1, right side, for a representa-
tive TH-MRS). We used absolute metabolite levels instead of
ratios with creatine to avoid a bias through systematic drifts
in the magnitude of the creatine resonance, as suggested by
previous studies.

VOI tissue segmentation and total hippocampal volume

To control for the effect of potential structural differences in
the region studied, we assessed tissue composition within the
VOIs and total hippocampal volume as follows. The amount
of each tissue — grey matter, white matter and CSF — was
quantified for each VO], so the scans were first separated in
the 3 different tissues using SPM8 software (Wellcome Trust
Centre for Neuroimaging, www.fil.ion.ucl.ac.uk/spm) run-
ning under MATLAB 7.8.0 (MathWorks). We then manually
reoriented the scans according to Montreal Neurological In-
stitute space, aligning the anterior and posterior commissure
in the same axis. When the images were segmented we used
the “native space” option, which produces a tissue class im-
age (c*) in the same anatomic space of the original nonseg-
mented image. After that, the VOI of 2 cm® was resituated in
the original images using ITK-SNAP software version 2.0.0.”
Finally, the mask of each participant was multiplied by his or
her own image for the 3 required tissues using MATLAB,
and then we quantified the volume of the resulting multi-
plied images. Following this procedure, we obtained the
amount of grey matter, white matter and CSF of the left and

au WH%“HWWM\*MM

Fig. 1: Magnetic resonance images showing (left) the placement of the volumes of interest in
a coronal and sagittal section of the medial temporal region and (right) a representative
"HMRS postprocessed with LCModel: PRESS acquisition at 3 T, with a repetition time of

2000 ms and echo time of 38 ms.
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right VOI. Measurement of hippocampal volumes was conduc-
ted automatically for all the participants using FreeSurfer image
analysis software (http://surfer.nmr.mgh.harvard .edu/).
Further details of the procedure used can be found elsewhere.”

Statistical analysis

We performed statistical analyses using SPSS software version
18. We compared the demographic and clinical characteristics
of the groups using l-way analysis of variance or non-
parametric tests, as appropriate. Magnetic resonance
spectrocopy measures were analyzed using multivariate
analysis of covariance (MANCOVA; 1 per side), with group
as the between-subjects factor, metabolite values as the depend-
ent variables and total hippocampal volumes and VOI tissue
differences as covariates. We considered these results to be
significant at p < 0.05. Subsequently, metabolites exhibiting
significant differences in the MANCOVA were included in bi-
variate correlation analyses to explore the influence of clinical
variables. Given the exploratory purposes of the correlation
analyses and the risk of type I errors associated with multiple
comparisons, all patients with MDD were examined together,
and we considered results to be significant at p < 0.01.

Results

We recruited 60 adult patients with MDD (20 in the remitted-

Table 1: Participant demographic and clinical characteristics

recurrent group, 20 in the treatment-resistant/chronic group
and 20 in the first-episode group) and 20 controls for partici-
pation in this study. After visual assessment of the spectra,
87.5% of the participants recruited had results that were ade-
quate for analysis. The average SD% of included spectra was
of 12% for Glx, 9% for NAA and 4.2% for Cho. An exploratory
analysis showed that the assumption of homoscedasticity
among study groups was satisfied for all metabolites
(p > 0.05). On the basis of this assessment, our final sample in-
cluded 52 patients with MDD (14 in the first-episode group,
18 in the remitted-recurrent group and 20 in the treatment-
resistant/chronic group) and 16 healthy controls.

Demographic and clinical data are summarized in Table 1.
After selection of good spectra, the 4 groups did not signifi-
cantly differ in age or in sex. Antidepressant treatment was
not distributed similarly across the patient groups. Treatment-
resistant/chronic patients received more second-line antide-
pressants, antipsychotics, mood stabilizers and combined reg-
imens than the other patients.

Table 2 displays absolute hippocampal volumes across the
participant groups. There were significant group effects for
the left (F = 4.5, p = 0.006) and the right hippocampus (F = 6.1,
p = 0.001), with smaller volumes in the remitted-recurrent
group (right p = 0.039) and the treatment-resistant/chronic
group (right p < 0.001; left p = 0.004) than in the first-episode
group. Table 2 also includes the percentage of white matter,
grey matter and CSF segmentations of the selected VOlIs.
Both white and grey matter segments differed among the

Group; mean (SD)*

Control, First-episode depression, Remitted-recurrent Treatment-resistant/chronic
Characteristic n=16 n=14 depression, n=18 depression, n=20
Sex, % female 61.1 62.5 88.9 80
Age, yr 43.4 (9.1) 425 (8.7) 473 (9 49.6 (7.6)
Years of education 14.2 (3.1) 13.8 (3.3) 13.4  (3.1) 13.2 (3.5)
Age at onset, yrtf NA 41.8 (8.7) 26.3 (9.4) 27.9 (8.5)
Duration of illness, mott NA 6.8 (4.3) 245.8 (125.9) 280.3 (142.4)
No. of previous episodestt NA 1.0 (0) 51 (4.7 6.0 (6.2
HAM-D at scanningt§q** 2.8 (1.4) 12.6 (7.4) 26 (1.5 20.9 (4.6)
Treatment, %
Treatment
Antidepressant
SSRI or SSNRIt NA 100 72.2 85.0
TCA or MAOIt NA 6.3 16.7 40.0
Otherstq NA 6.3 22.2 55.0
Combinationtq] NA 12.5 27.8 80.0
No antidepressant NA 0 1.1 3.7
Stabilizert NA 0 16.7 30.0
Antipsychotict{ NA 6.3 11 40.0
Benzodiazepine NA 50.0 33.0 50.0

Antipsychotic = mainly atypical antipsychotics associated with antidepressants; Combination = designs concomitant use of antidepressants with different mechanisms of action (e.g.,

SSRI with reboxetine); HAM-D = Hamilton Depression Rating Scale;'* MAOI = monoamine oxidase inhibitors; NA = not applicable; Others = noradrenaline reuptake inhibitors,
noradrenaline and dopamine reuptake inhibitors, tetracyclic antidepressants, mirtazapine, metilfenidate or trazodone; SD = standard deviation; SSNRI = selective serotonin and
noradrenaline reuptake inhibitors; SSRI = selective serotonin reuptake inhibitors; Stabilizer = includes anticonvulsants and mostly lithium; TCA = tricyclic antidepressant.

*Unless otherwise indicated.

1Significant differences between first-episode and remitted-recurrent depression.
1Significant differences between first-episode and treatment-resistant/chronic depression.
§Significant differences between first-episode depression and control.

fISignificant differences between treatment-resistant/chronic and remitted-recurrent depression.

**Significant differences between treatment-resistant/chronic depression and control.
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4 groups (right VOI: F =4.55, p = 0.006 and F = 3.13, p = 0.032,
respectively; left VOI: F = 5.45, p = 0.002 and F = 4.96,
p = 0.004, respectively). This difference indicates that patients
with remitted-recurrent depression had a significantly higher
proportion of grey matter and significantly lower proportion of
white matter than healthy controls and patients with treat-
ment-resistant/chronic depression. We found no differences in
CSF among the 4 groups. Therefore, total hippocam-pal volumes
and segmentation proportions of grey and white matter were
included as covariates in the subsequent multivariate analyses.

Metabolite differences among groups

Metabolite concentrations in the medial temporal region of pa-
tients and controls are displayed in Figure 2. The 1-way
MANCOVA for right VOI showed an effect of group (F = 3.9,
p < 0.001), but no effect for either white matter (F = 0.7, p = 0.58),
grey matter (F = 1.3, p = 0.28) or hippocampal volume (F = 1.2,
p =0.31). Between-subjects effects appeared for Glx (F = 2.7,
p=0.05), NAA (F = 6.6, p = 0.001) and Cho (F =6.8, p < 0.001).
Bonferroni post hoc analyses showed significantly lower values
of GIx and NAA in patients with remitted-recurrent and
treatment-resistant/chronic depression than in controls
(p <0.025). Concentrations of Cho showed the opposite pattern
(p < 0.001), where the highest values were observed
in treatment-resistant/chronic depression and the lowest in
first-episode depression and healthy controls (all p < 0.034).

The 1-way MANCOVA for the left VOI also indicated a
group effect (F = 2.6, p = 0.007), regardless of tissue composition
(F =12, p =0.33 for white matter and F = 1.7, p = 0.17 for grey
matter) or hippocampal volume (F = 1.1, p = 0.36). In this
case, between-subject effects were significant for Glx (F =
2.7,p = 0.049) and Cho (F = 4.9, p = 0.004) and for NAA at
a trend level (F = 2.5, p = 0.07). Cho levels were signific-
antly higher in patients with treatment-resistant/chronic de-
pression than in those with first-episode depression or in

controls (p = 0.006 and p = 0.025, respectively), and Glx con-
centrations were significantly lower in patients with
treatment-resistant/chronic depression than in controls (p =
0.024). Other post hoc analyses did not reach significance.

Influence of clinical variables

As shown in Figure 3, higher Cho concentrations were related
to longer illness duration (right VOI r = 0.30, p = 0.028; left
VOI'r = 0.38, p = 0.004) and to more previous episodes (right
VOI r = 046, p = 0.001; left VOI r = 0.44, p = 0.001). On
the other hand, diminished levels of Glx were correlated
with longer illness duration (left VOI r = -0.34, p = 0.008). To
ensure that outliers were not responsible for the whole effect,
we performed nonparametric Spearman rho correlations with
the same variables, and the results were confirmed for Cho but
not for Glx (data not shown). By contrast, concentrations of
NAA did not correlate with any of the clinical variables
(p > 0.10), nor was there a significant association between
metabolite levels and HAM-D scores in our sample (p > 0.20).

Discussion

Our data indicated that patients with MDD whose course of
illness was characterized by multiple relapses or a chronic
evolution presented lower levels of Glx and NAA than
healthy controls, especially in the right medial temporal region.
When patients with greater illness burden were compared
with patients with a more benign course of MDD (i.e., first
episode, later onset and shorter duration), differences
emerged in both hemispheres for Cho concentrations,
whereas patients with treatment-resistant/chronic illness
displayed the highest levels. Changes of Glx and Cho peaks
correlated in the opposite direction with a longer duration of
illness, and higher Cho concentrations were also con-
sistently associated with more previous depressive episodes.
Selected VOIs were situated in a medial temporal region

Table 2: Bilateral hippocampal volumes and proportions of grey matter, white matter and cerebrospinal fluid of left and right medial temporal voxels

of interest
Control, First-episode depression, Remitted-recurrent Treatment-resistant/chronic
Measure n=16 n=14 depression, n=18 depression, n=20
Hippocampal volume, mean (SD) mm?®
Left 4055.1 (419.7) 4280.3 (482.4) 3924.2 (494.5) 3767.3 (460.5)"
Right 4157.9 (323.1) 4458.7 (427.8) 4045.9 (568.4)t 3858.3 (355.5)"
Tissue segmentation, %
Left VOI
Grey matter 70.2 73.2 74.81§ 70.4
White matter 24.8 22.4 19.81§ 25.1
Cerebrospinal fluid 5.1 4.8 5.4 45
Right VOI
Grey matter 69.3 70.2 73.4 70.2
White matter 25.9 24.6 21.21§ 25.0
Cerebrospinal fluid 4.9 5.2 5.4 4.8

SD = standard deviation; VOI = volumes of interest.

*Significant differences between first-episode and treatment-resistant/chronic depression (left p = 0.004; right p < 0.001).

1Significant differences between first-episode and remitted-recurrent depression (p = 0.039).

1Significant differences between remitted-recurrent depression and controls (left VOI: grey matter p = 0.018, white matter p = 0.014; right VOI: white matter p = 0.009).
§Significant differences between remitted-recurrent and treatment-resistant/chronic depression (left VOI: grey matter p = 0.011, white matter p = 0.003; right VOI: white matter p = 0.033).
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that mainly included the head of the hippocampus. Converg-
ing evidence from clinical and preclinical studies underlines
the central role of this highly stress-sensitive brain structure
on MDD. Volumetric hippocampal reductions have been
replicated in depressed patients, and they are preferentially
observed in patients with an earlier onset of illness, recurrent
evolution or treatment refractoriness,’ as confirmed by our
present results.

On the other hand, scant literature on hippocampus neuro-
pathological analyses of patients with MDD reveals increases
in the mean densities of neurons and glia contrasting with re-
ductions in neuronal soma size” and diminished levels of
neurotrophic and astrocyte viability markers, which have
been putatively related to dysfunctional adult hippocampal
neurogenesis.” An earlier study observed neuronal loss in
CA1 and CA4 regions, but the phenomenon, although con-
vincing, was only moderate.® However, reductions in neuro-

pil seem to be prominent” and were the most probable ex-
planation for the cumulative hippocampal shrinkage. What-
ever the deficiencies in the cellular integrity and neuropil,
these would be likely to underlie the abnormalities in spec-
troscopic resonances reported herein. It has to be stressed
that metabolic alterations found in our patients were evident
even when we controlled for differences in total hippocampal
volumes and VOI tissue composition.

Milne and colleagues* did not find defects in Glx concen-
tration in a sample of patients with recurrent MDD com-
pared with healthy controls. In contrast, Michael and col-
leagues™ reported lower Glx levels in the hippocampus/
amygdala of severely ill patients with treatment-resistant de-
pression compared with healthy controls; the levels recov-
ered after successful electroconvulsive therapy. Diminished
levels of Glx were also described in a sample mainly com-
posed of untreated patients with a first depressive episode.”
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Fig. 2: Absolute metabolite concentrations (glutamate/glutamine [Glx], N-acetylaspartate [NAA] and choline [Cho]) in left and right medial tem-
poral regions of healthy controls and patients with first-episode, remitted-recurrent or treatment-resistant/chronic depression. Group means are
displayed as horizontal lines. The p values are derived from Bonferroni post hoc tests. (Top) The Gix levels in patients with treatment-resistant/
chronic depression were 14% lower than those in controls (p = 0.024, Cohen d = 0.81). The Cho concentrations in patients with treatment-
resistant/chronic depression were 19% higher than those in patients with a first episode (p = 0.006, Cohen d = 1.89) and 12% higher than those in
controls (p = 0.025, Cohen d = 0.80). Differences of NAA did not reach statistical significance. (Bottom) The Gix levels in patients with treatment-
resistant/chronic depression were 15% lower than those in controls (p = 0.008, Cohen d = 1.04), and their NAA levels were 21% lower than those
in controls (p < 0.001, Cohen d = 1.11). The Gix levels in patients with remitted-recurrent depression were 14% lower than those in controls
(p =0.025, Cohen d = 1.05), and their NAA levels were 17% lower than those in controls (p = 0.002, Cohen d = 1.04). The Cho concentrations in
patients with treatment-resistant/chronic depression were 13% higher than those in patients with a first episode (p = 0.002, Cohen d = 0.9) and

6% higher than those in controls (p = 0.034, Cohen d = 0.4).
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It has been assumed that Glx signal reflects the status of glia
and pyramidal glutamatergic neurons.’ In the present study,
the pattern of reduced Glx concentrations seen in the patients
with treatment-resistant/chronic and remitted-recurrent de-
pression was not apparent in patients presenting for a first
episode, suggesting that long-lasting depressive history may
have an important influence on the glial integrity and gluta-
matergic metabolism of the hippocampus. The presence of
diminished GIx levels in patients with remitted-recurrent ill-
ness in our sample extends the previously reported findings,
emphasizing the possibility that these abnormalities can re-
main within the hippocampus after resolution of a depres-
sive episode.

A quite similar pattern of lower concentrations in chronic
and recurrent forms of MDD was observed for NAA in our
sample. N-acetylaspartate has been described as a sensitive
marker of neuronal functionality/viability," and defects on
that signal could reflect damage or loss of neurons, reduc-
tions of interneuronal neuropil, neuronal or axonal metabolic
dysfunction or some combination of these processes.” Reduc-
tions of NAA have been observed in patients with bipolar®
and pediatric depression,” but there is no consistent agree-
ment for altered NAA levels in the hippocampus in previous
MRS studies of adult unipolar depression.® The lack of con-
trol for VOI tissue composition in some of these studies
might represent a serious limitation, which we attempted to
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Fig. 3: Scatter plots showing correlation of choline levels within the left and right medial temporal regions of depressed patients (n = 52) with
duration of illness and number of previous episodes. Bold and dotted lines represent the interpolation lines and their 95% confidence intervals,
respectively. VOI = volumes of interest.
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correct herein. At least 2 independent groups reported in-
creases of NAA concentrations after successful response to ei-
ther electroconvulsive or pharmacological therapy." These
findings suggest that antidepressant treatments could elicit
neurotrophic effects, with a positive role in restoring neuronal
integrity being therefore relevant for clinical recovery. Strik-
ingly, 2 preclinical reports revealed decreased NAA concen-
trations associated with reductions of hippocampal volume
and neurogenesis in chronically stressed animals, changes
that were prevented with antidepressant treatment.”* A re-
cent postmortem study in which quantification of metabolites
was performed directly on brain tissue reported NAA decre-
ments in different subcortical structures, including the hip-
pocampus and amygdala, in patients with long-term, severe
MDD.” Although in the present study NAA did not correlate
with any of the explored clinical variables, reduction of its lev-
els in the right hippocampus was conspicuous, reaching up to
17% and 21% among patients with remitted-recurrent and
treatment-resistant/chronic depression, respectively. These
findings support the notion that hippocampal neuronal dam-
age could be present in depression when the burden of illness
is prominent, even in asymptomatic states.

The increased Cho signal seen bilaterally in patients with
treatment-resistant/chronic depression compared with
healthy controls and patients with first-episode depression
represents one of the most intriguing findings. The Cho res-
onance mainly reflects changes in the concentrations of phos-
phocholine and glycerophosphocholine, a precursor and a
degradation product, respectively, of membrane phospho-
lipids. For this reason, it is considered a potential biomarker
for the status of membrane metabolism.” Our results are in
agreement with those of previous studies that found in-
creased Cho/creatine ratios in a sample of patients with
treatment-resistant MDD and higher absolute Cho concen-
trations in patients with extensive past illness (but not in
those with a first episode) than age-matched healthy con-
trols. We also describe a robust association between higher
Cho levels and longer duration of illness and more recur-
rences. This association provides preliminary evidence that
increases in Cho concentrations might reveal an augmented
membrane turnover related to past illness burden.

In contrast with the treatment-resistant/chronic group, our
sample of patients with a first depressive episode displayed
the lowest concentrations of Cho. Block and colleagues® also
reported marginally diminished baseline Cho peaks in un-
treated patients with a first episode of depression. Interest-
ingly, they reported that low baseline Cho levels and a subse-
quent increase after 8 weeks of treatment were associated
with good response. An earlier study" had already described
lower Cho concentrations that increased after a successful
course of electroconvulsive therapy in patients with current,
severe depression. Therefore, low Cho levels represent a
marker of good response to treatment, but increments of such
levels seem to be necessary for recovery from depression.
However, in light of our results, excessive levels of Cho
would mark resistance to treatment. From a neurobiological
perspective, increases of Cho would reflect changes in mem-
brane turnover, precipitated by either antidepressant treat-

ment or endogenous mechanisms, as expression of the
brain’s efforts to restore abnormal neural functioning. These
changes, however, might end up being insufficient and even
pathologically maintained in chronic stages of depression. In
fact, it would be possible that increases in Cho peak occur at the
expense of membrane precursors (as phosphocholine) during
initial stages of treatment and at the expense of degradation
products (as glycerophosphocholine) in patients with chronic
depression that is unresponsive to treatment, although cur-
rent MRS techniques do not allow this distinction to be made.

Abnormalities of Glx, NAA and Cho signal described
herein within the hippocampus are in accordance with those
reported in the vmPFC in a previous study of our group
composed of patients in different stages of MDD.'® Altera-
tions in vimPFC cellular neurochemistry were also consist-
ently related to illness-course variables. The well-established
structural and functional connection between the hippocam-
pus, parahippocampal gyrus and prefrontal areas — all
strongly linked with the physiopathology of mood dis-
orders' — may explain the similarity of metabolite alterations
observed in our 2 studies. In fact, these areas, particularly the
hippocampus, are known to play an important role in the re-
sponse to stress, being extremely sensitive to its potential
neurotoxic effects under chronic stress conditions. Glial and
neuronal pathology and remodelling processes — as re-
flected by reductions of Glx and NAA and by increases in
Cho, respectively — in both the vmPFC and medial temporal
region of patients with MDD would then be considered a
phenomenon associated with the burden of the disease.

Although other studies have reflected metabolite changes
associated with treatment response or symptom severity, we
did not obtain similar results. Our sample included a variety
of patients, some of them entirely comparable in terms of age
at onset of illness and illness duration but extremely different
in terms of symptomatic state (treatment-resistant/chronic v.
remitted-recurrent), who finally displayed notable similar-
ities on metabolite abnormalities. This is a preliminary cross-
sectional study designed to explore the role of past illness
burden on brain metabolites, but we do not rule out the
possibility of an association between metabolite resonances
and symptoms from alternative approaches (e.g., analysis of
specific groups of patients, longitudinal designs).

Limitations

There are some methodological limitations of this study that
need to be mentioned. First, the hippocampus is a complex
anatomic region that often entails spectral quality-related
problems. However, MRS data were acquired using a 3 T
magnetic resonance scanner, which provides a higher signal-
to-noise ratio and better separation among metabolite peaks
than commonly used 1.5 or 2 T scanners. Second, the present
study was spatially limited to the anterior region of the hip-
pocampus, and it remains to be clarified whether our results
could be extrapolated to the whole structure. Nonetheless, we
report data for both hemispheres in contrast to many previous
works that have centred exclusively on the left temporal
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region.” Third, a systematic bias in voxel placement/
selection could have given rise to different tissue composi-
tion of the VOIs among the groups and accounted for differ-
ences in the measured spectra. To overcome this potential
limitation, we controlled for VOI tissue segmentation in the
main analyses. Fourth, the sample comprised a fairly large
number of individuals, including healthy controls and a
representative, well-characterized group of outpatients in
different stages of illness, but the cross-sectional nature of
the study should lead us to be cautious in interpreting the
findings. Longitudinal studies are warranted to provide de-
finitive evidence of the role of illness burden on brain
metabolites in patients with MDD. Finally, the lack of a
drug washout period represents an additional limitation.
Given that the hypothesis to be tested required the inclusion
of severely ill outpatients, there were inherent ethical chal-
lenges (e.g., patients” conditions could worsen without
medication). Moreover a washout period that was not long
enough might have yielded metabolic changes related more
to psychotropic withdrawal than with the illness, per se. To
address these challenges, we decided to maintain medica-
tion in all patients and recruited an age- and sex-matched
group of patients treated for a first episode as well as a non-
treated healthy control group. The presence of treatment
did not entail substantial metabolic differences between
these latter groups. But, as might have been expected, pa-
tients with treatment-resistant/chronic illness more often
received combined treatments (more than 1 antidepressant
and/or atypical antipsychotics). For their part, patients with
remitted-recurrent or first-episode depression received an
almost equivalent antidepressant regimen, although the for-
mer group had a longer history of treatment. Nevertheless,
the direction of the metabolic changes observed in our sam-
ple fit in with previous studies based on medication-free pa-
tients.”>* Altogether, these comments suggest that the ab-
normalities described in the present study cannot be merely
attributable to the treatment itself.

Conclusion

Our data support the notion that metabolite alterations
within the hippocampus are more pronounced in patients
with MDD whose clinical evolution is characterized by recur-
rences and/or chronicity. This adds further evidence to the
link between hippocampal formation and the potential
neurotoxic effects of stress and depression, suggesting that
abnormalities in Glx, NAA and Cho spectra are closely re-
lated to the past burden of illness. Defects of glial /neuronal
integrity and membrane turnover could underlie the meta-
bolic changes reported herein, although further research is
needed to establish the specific cellular processes involved in
MDD over the course of the illness.
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Background. Although white-matter abnormalities have been reported in middle-aged patients with major depressive
disorder (MDD), few data are available on treatment-resistant MDD and the influence of relevant variables related to
clinical burden of illness is far from being well established.

Method. The present study examined white-matter microstructure in a sample of 52 patients with MDD in different
stages (treatment-resistant/chronic MDD, n=18; remitted-recurrent MDD, n=15; first-episode MDD, n=19) and 17
healthy controls, using diffusion tensor imaging with a tract-based spatial statistics approach. Groups were
comparable in age and gender distribution, and results were corrected for familywise error (FWE) rate.

Results. Widespread significant reductions of fractional anisotropy (FA)-including the cingulum, corpus callosum,
superior and inferior longitudinal fascicule—were evident in treatment-resistant/chronic MDD compared with
first-episode MDD and controls (p<0.05, FWE-corrected). Decreased FA was observed within the ventromedial
prefrontal region in treatment-resistant/chronic MDD even when compared with the remitted-recurrent MDD group
(p<0.05, FWE-corrected). Longer duration of illness (§=-0.49, p=0.04) and higher depression severity (at a trend level:
p=-0.26, p=0.06) predicted lower FA in linear multiple regression analysis at the whole-brain level. The number of
previous episodes and severity of symptoms were significant predictors when focused on the ventromedial prefrontal
area (f=—0.28, p=0.04; and f=—-0.29, p=0.03, respectively). Medication effects were controlled for in the analyses and
results remained unaltered.

Conclusions. Our findings support the notion that disruptions of white-matter microstructure, particularly in
fronto-limbic networks, are associated with resistance to treatment and higher current and past burden of depression.
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Introduction course, failing to respond to multiple treatment trials
(Mueller et al. 1999; Eaton et al. 2008; Vuorilehto et al.
2009). Incomplete remission has been extensively
associated with higher risk of relapse and higher
rates of disability, psychosocial impairment, co-
morbidity, suicidality and medical costs (Trivedi et al.
2008; Fekadu et al. 2009).

Some brain abnormalities might predispose to
relapse or to treatment failure in MDD whereas others
might also accumulate over time and hinder full recov-
ery. This neural substrate is far from being well estab-

Recurrence and treatment refractoriness in major
depressive disorder (MDD) represent two of the
major challenges that mental health professionals
have to face in their daily clinical practice. In the best
of cases, less than a half of depressed patients will com-
pletely recover and will have no further episodes and
about 15% of cases will present a chronic unremitting
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lished. Structural and functional neuroimaging studies
have identified alterations located in fronto-limbic
networks that seem to be critical for illness remission
(Mayberg, 2003) and the ventromedial prefrontal cor-
tex plays a crucial role in the neural circuitry of
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MDD (Johansen-Berg et al. 2008). White-matter tracts
are key components of these networks and abnormal-
ities in their microstructure can potentially be studied
in vivo by means of diffusion tensor imaging (DTI),
a magnetic resonance imaging (MRI) technique that
is becoming increasingly popular. Fractional aniso-
tropy (FA) quantifies how strongly directional the
fibre tract organization is (Smith ef al. 2006) and it is
the most commonly used measure in the assessment
of white-matter microstructure.

Prior DTI reports have described altered fronto-
temporal FA values mostly in geriatric, but also in
young and middle-aged population with MDD (for
detailed reviews, see Sexton et al. 2009; Murphy &
Frodl, 2011). However, most of them have focused
on identifying differences between a single group of
depressed patients versus healthy controls, and the
study of the influence of relevant variables related to
clinical burden of illness has received modest attention.
Moreover, only a few have evaluated middle-aged
patients with chronic or treatment-resistant depression
(Zhou et al. 2011; Guo et al. 2012; Hoogenboom et al.
2012). Two prospective reports, with a completely
different study design, examined baseline FA differ-
ences between depressed patients in which response
to treatment was subsequently evaluated. Zhou et al.
(2011), using a voxel-based morphometry approach,
showed low baseline FA values within the hippo-
campal region among patients who developed a
treatment-resistant depression. Hoogenboom et al.
(2012), using a region of interest (ROI) analysis based
on legacy data, revealed low baseline FA values in
the medial fornix among MDD patients who failed to
achieve remission. Guo et al. (2012), for their part,
performed a cross-sectional DTI study in patients
with treatment-resistant depression using tract-
based spatial statistics (TBSS) methodology, a recent
approach that increases the sensitivity and the inter-
pretability of the results compared with conventional
voxel-based approaches (Smith et al. 2006). These
patients showed lower FA values than healthy controls
in the right anterior limb of the internal capsule,
the body of the corpus callosum and the bilateral
external capsule, but the absence of a group of non-
treatment-resistant patients precluded further inter-
pretation of their findings.

In this study, we aimed to investigate whole-brain
white-matter microstructure using TBSS in a sample
of patients with treatment-resistant/chronic MDD
as compared with patients with remitted-recurrent
MDD, patients with a first-episode MDD and healthy
control subjects. Given the prominent role of the
ventromedial prefrontal cortex in treatment refractori-
ness (Johansen-Berg et al. 2008), an additional regional
analysis centred on this area was carried out. We also
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examined the relationship between clinical variables
and white-matter abnormalities, hypothesizing that
FA values would be diminished in those patients
with treatment-resistant/chronic depression and higher
current and past illness burden (i.e. greater severity of
symptoms, longer duration of illness, earlier age at
onset and/or more previous episodes).

Method
Participants and assessments

A total of 52 right-handed adult patients with
MDD [Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) criteria] and 17
right-handed healthy controls were recruited to
undergo a MRI protocol specifically designed for the
present study. All patients were recruited from the
out-patient clinic of the Department of Psychiatry of
the University Hospital de la Santa Creu i Sant Pau.
Since it is well known that age-related structural
changes can occur in the brain, all participating indi-
viduals were similarly aged. Depressed participants
were split into three different groups. The first group
consisted of patients with chronic depressive disorder,
whose last episode had a duration of more than 2 years
with no response to multiple antidepressant strategies,
a Thase-Rush index of treatment resistance >3 and
a score above 14 in the Hamilton Depression Rating
Scale (HAMD) (n=18, ‘treatment-resistant/chronic’
group). The second comprised patients who had
experienced three or more major depressive episodes
and were currently euthymic (score <8 in the HAMD)
for at least 6 months before the enrolment (n=15,
‘remitted-recurrent’ group). Euthymia in the 6 pre-
vious months was determined during the clinical
interview and checked out with clinical records. The
third group comprised currently depressed patients
who were suffering from their first episode: (n=19,
‘first-episode” group). The latter was representative of
depressed patients with lower clinical burden of illness
(i.e. no previous episodes, shorter illness duration
and later age at onset). Enrolled healthy individuals
received a small monetary compensation for their
participation. To satisfy the inclusion criteria, controls
had to have no history of psychiatric diagnoses,
no first-degree relatives with psychiatric diagnoses
and no clinically significant physical or neurological
illnesses. The exclusion criteria for all subjects
included: mental retardation, history of head injury,
neurological illness, clinically significant physical ill-
ness, and other psychiatric disorders such as bipolar
disorder, schizophrenia, any other psychotic disorder,
or alcohol and other substance abuse/dependence.
Presence of co-morbid anxiety symptoms did not
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constitute an exclusion criterion if MDD was the pri-
mary diagnosis.

Semi-structured interviews were carried out for
all participants to collect demographics and clinical
information according to DSM-IV text revision
(DSM-IV-TR) criteria. Current depressive symptoms
were assessed using the HAMD. We estimated a
composite measure of medication load for each
patient according to a previously established method
(Sackeim, 2001; Almeida et al. 2009), attempting to con-
trol for the effects of psychotropic drugs. In brief, doses
of each antidepressant, mood stabilizer, antipsychotic
and anxiolytic medication were coded as O=absent,
1=low or 2=high, following the rating system
described by Sackeim (2001) and adapted by
Almeida et al. (2009); a composite measure of medi-
cation load for each patient was obtained by summing
all individual medication codes for each medication
category.

The study was approved by the Research Ethics
Committee of the Hospital de la Santa Creu i Sant
Pau and was carried out in accordance with the
Declaration of Helsinki. Written consent was obtained
from each participant. This work is part of a wider
project that aims to investigate in vivo neuroimaging
markers of the clinical burden of depression.

MRI acquisition

All brain MRI data were acquired on a 3T Philips
Achieva MR Scanner (software version 2.1.3.2;
Philips Healthcare, The Netherlands) with an eight
receive-channel head-coil at the Department of
Neuroradiology, Hospital de la Santa Creu i Sant
Pau, Barcelona. Acquisition parameters for DTI data
were the following: sensitivity-encoded (SENSE)
single-shot echo-planar imaging, SENSE factor of 2,
repetition time (TR)=8166 ms, echo time (TE)=60ms,
slice thickness=2 mm, field of view (FOV)=224x224 x
120 mm, reconstruction matrix=128x128 with 60 con-
tiguous axial slices, voxel dimensions=1.75x1.75x2
mm. A diffusion sensitizing gradient was applied
along 15 directions (b-value=800s/mm? and one
volume without diffusion weighting (b=0s/mm?, b0).
For each subject, high-resolution three-dimensional
magnetization-prepared rapid gradient-echo imaging
(3D-MPRAGE) images were also acquired (whole-
brain coverage; TR=6.7ms, TE=3.2ms, 170 slices,
voxel size=0.89x0.89x1.2 mm, reconstruction matrix
=288x288x170; FOV=256%x256x204 mm, slice thick-
ness=1.2mm), with a sagittal slice orientation, T1
contrast enhancement, flip angle 8°, grey matter
as a reference tissue, acquisition matrix (ACQ
matrix MxP)=256x240 and turbo-field echo (TFE)
shots=218.
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Image processing

DTI data processing was performed at the Port
d’'Informacié Cientifica (PIC) in Barcelona through
the so-called PICNIC (PIC NeuroImaging Center) plat-
form with version 4.1.4 of the Functional MRI of the
Brain (FMRIB) Software Library (FSL) (Smith et al.
2004). An experienced neuroradiologist (B.G.-A.)
and a brain neuroimaging researcher (P.P.) conducted
visual inspection of all DTI image data to ensure qual-
ity. Unweighted b0 images were extracted and used
for head motion correction by an affine registration
to the same subjects’ weighted images, using
Eddy Current Correction of the FMRIB Diffusion
Toolbox (FDT). A brain extraction tool (Smith et al.
2002) with a fractional intensity threshold of f=0.3
was used to create a binary brain mask for further
analyses. FA maps were generated by fitting a dif-
fusion tensor for each voxel using FDT DriFT.
Voxel-wise statistical analysis of the FA data was per-
formed with the TBSS package (Smith et al. 2006)
implemented in FSL. First, a non-linear registration
was used in order to align all participants’ FA im-
ages into a standard space (FMRIB58-FA) through
the FMRIB’s Non-Linear Image Registration Tool
(FNIRT). The mean FA image was created and thinned
(0.2 threshold value) to obtain the mean FA skeleton
that represents the centres of all tracts common to the
group. Each individual’s FA map was projected onto
the threshold mean FA skeleton and these data were
entered into voxel-wise statistics. In addition, a ROI
was defined using the medial frontal cortex mask pro-
vided by FSL within the TBSS-generated FA skeleton
overlaid on the mean FA map. To determine approxi-
mately which white-matter tracts showed significant
differences, two different atlases were used: an MRI
atlas of human white matter (Oishi et al. 2011) and
the JHU White-Matter Tractography Atlas included
in the FSL program. Additionally, high-resolution
3D-MPRAGE images were segmented into grey mat-
ter, white matter and cerebrospinal fluid using the
standard segmentation model in SPMS8 (http://www.
filion.ucl.ac.uk/spm).

Statistical analysis

Demographic, clinical and brain-tissue segmentation
analyses were performed with the statistical package
SPSS version 18 (IBM, USA) using analyses of variance
(ANOVAs) and the y* test for quantitative and categ-
orical variables, respectively. The level of statistical
significance was set at p<0.05. One-way ANOVA was
performed to detect differences among groups in
mean FA values of whole-brain and ventromedial
prefrontal ROIs. FA data were also analysed using
voxel-wise statistics by the FSL rRanpoMISE procedure
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Table 1. Demographics, clinical variables and brain volumetric data

Healthy Remitted- Treatment-
controls First-episode  recurrent resistant/chronic ~ F or
(n=17) MDD (n=19) MDD (n=15) MDD (n=18) 7 p
Mean age, years (s.D.) 434 (11.4) 44.2 (6.9) 47 (9.4) 48.5 (7.3) 13 0.3
Gender, n 6.6 0.1
Male 5 8 1 3
Female 12 11 14 15
Mean duration of education, years (s.0.)  14.1 (2.9) 14.5 (2.4) 13.4 (2.9) 13.4 (34) 07 06
Mean HAMD (s.0.) 1.9 1.7 14.6 (7.5) 2.1 (0.9)*t 20.8 (4.9) 648  <0.001
Mean age at onset, years (s.D.) N.A. 43.6 (6.8) 26.4 (10.0)* 26.1 (8.4)* 258  <0.001
Mean duration of illness, months (s.D.) N.A. 4.9 (2.88) 238.1 (133.2)*  272.7 (125.8)* 369 <0.001
Mean no. of previous episodes (s.D.) N.A. 1(0) 5.1 (3.6)* 7.1 (7.2)* 10.7  <0.001
Treatment, % SSRI or SSNRI N.A. 100 73.3 83.3 54 0.07
TCA or MAOI N.A. 5.3 13.3 333 5.3 0.07
Others® N.A. 5.9 20t 55.6* 12.4 0.002
Combination” N.A. 10.5 20%+ 77.8* 205 <0.001
No antidepressant N.A. 0 13.3 0 5.1 0.08
Stabilizer* N.A. 5.3 13.3 33.3 5.3 0.07
Antipsychotic? N.A. 10.5 13.3t 44.4* 71 0.03
Benzodiazepine N.A. 52.6 33.3 50 14 0.5
Mean medication load (s.D.) N.A. 2.7 (1.64) 2.8 (1.70)* 4.9 (1.59)* 11.9  <0.001
Structural volumetric data
Mean grey matter, cm® (s.0.) 4829 (61.1) 491.8 (51.9) 481.7 (79.8) 458.6 (57.8) 0.9 0.4
Mean white matter, cm> (s.0.) 425.1 (65.9) 442.3 (48.9) 437.6 (73.3) 410.6 (49) 1.0 0.4
Mean CSF, cm® (s.0.) 211.3 (33.2) 220.1 (33.9) 215.7 (39.3) 215.6 (33.4) 0.2 0.9
Mean TIV, cm® (s.0.) 1119.4 (154.4)  1154.1 (127.3) 11345 (186.6)  1084.8 (129.7) 07 06

MDD, Major depressive disorder; s.0., standard deviation; N.A., not applicable; HAMD, Hamilton Depression Rating Scale;
SSRI, selective serotonin reuptake inhibitors; SSNRI, selective serotonin and noradrenaline reuptake inhibitors; TCA, tricyclic
antidepressant; MAQOI, monoamine oxidase inhibitors; CSF, cerebrospinal fluid; TIV, total intracranial volume.

#’Others’ includes noradrenaline reuptake inhibitors, noradrenaline and dopamine reuptake inhibitors, tetracyclic

antidepressants, Mirtazapine, Metilfenidate or Trazodone.

® Combination indicates concomitant use of antidepressants with different mechanisms of action (e.g. SSRI with reboxetine).

¢ Stabilizer includes anticonvulsants and mostly lithium.

4 Antipsychotic includes mainly atypical antipsychotics associated with antidepressants.
*Value was significantly different from that of the first-episode patients (p<0.05).
t Value was significantly different from that of the treatment-resistant/chronic patients (p<0.05).

included in FSL 4.1.4 (Nichols & Holmes, 2002), with
5000 permutations. One-way ANOVA was used to
detect group differences in FA across the skeletonized
brain maps. Correction for multiple comparisons
was carried out with a familywise error (FWE) rate
at a p<0.05 threshold, after threshold-free cluster
enhancement (TFCE). Likewise, the same process
was applied for the ROI analysis by projecting each
subject’s aligned FA data onto the ventromedial pre-
frontal region mask at a p<0.05 threshold significance
(FWE) after TFCE. Finally, backwards stepwise
multiple regression analyses were computed across
the three groups of patients to identify clinical vari-
ables that were independently associated with white-
matter microstructure.
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Results
Demographic and clinical data

Demographics, clinical variables and brain volumetric
data are summarized in Table 1. Healthy controls
and patients were comparable in age, gender and
years of education. According to the design of the
study, there were expected significant differences
among distinct MDD groups relative to relevant clini-
cal variables such as severity at recruitment (see
HAMD scores), duration of illness, number of episodes
or age at illness onset. The remitted-recurrent and
treatment-resistant/chronic groups were comparable
in terms of illness duration and age at debut but totally
opposed in terms of symptomatic state. Patients with a
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Fig. 1. Whole-brain (1) and ventromedial prefrontal region of interest (b) values of fractional anisotropy (FA) for healthy

control and major depressive disorder (MDD) groups. Values are means, with standard deviations represented by vertical

bars.

first episode, for their part, showed intermediate
HAMD scores, lesser duration of illness and older
age at onset than the other patients, consistent with
a low clinical burden profile. Information regarding
current medication is also presented in Table 1.
Treatment- resistant/chronic patients received more
second-line antidepressants and combined regimens
with stabilizers, antipsychotics or other antidepress-
ants, resulting in a higher medication load. No signifi-
cant differences at this level were found between
first-episode and remitted-recurrent groups, although
medication exposure in the latter was obviously longer
than in first-episode patients. On the other hand, there
were no significant differences among groups in any of
the whole-brain or prefrontal ROI volumetric measure-
ments (data not shown for the latter).

Differences in whole-brain FA

Whole-brain mean FA values of patients and controls
are displayed in Fig. 1a. The one-way ANOVA showed
a significant main effect of group (F365=3.14, p=0.03).
This effect was maintained when medication load
was included as a covariate (F;7,=3.64, p=0.016).
Post-hoc comparisons showed that treatment-resistant/
chronic patients exhibited a significant decrease
of mean FA values compared with healthy controls
(p=0.01) and with first-episode patients (p=0.02).
Voxel-wise whole-brain analyses revealed a general-
ized significant reduction in FA in treatment-
resistant/chronic patients compared with healthy con-
trols (p<0.05, FWE-corrected; cluster size: 30176
mm?), mostly affecting the following white-matter
tracts: bilateral inferior fronto-occipital fasciculus,
bilateral inferior longitudinal fasciculus (ILF), bilateral
longitudinal fasciculus (SLF), forceps
major and forceps minor, body of corpus callosum

superior
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and bilateral cingulum (see Fig. 24). A significant
decrease in FA was also observed in treatment-
resistant chronic patients compared with first-episode
patients (p<0.05, FWE-corrected; cluster size: 10458
mm?), affecting the body of the corpus callosum,
bilateral SLF, forceps minor, forceps major, bilateral
cingulum, and bilateral ILF (see Fig. 2b).

Differences in regional FA (ventromedial prefrontal
cortex)

Mean FA values within medial prefrontal ROI are
presented in Fig. 1b. The one-way ANOVA showed a
significant group effect (F365=3.28, p=0.03), which
was maintained when medication load was controlled
for (F364=2.97, p=0.04). Post-hoc tests showed that
treatment-resistant/chronic MDD patients had sig-
nificantly lower FA values than healthy controls
(p=0.006), first-episode MDD (p=0.02) and also
remitted-recurrent MDD patients (p=0.03). As can be
observed in Fig. 3, voxel-wise analyses confirmed a
significant decrease of FA in treatment-resistant
chronic patients compared with healthy controls and
with the other patients (p<0.05, FWE-corrected; cluster
size: 164 mm?). Subregions of the uncinate fasciculus
and corpus callosum were affected within this area.

Influence of clinical variables on FA

HAMD scores, duration of illness, age at onset, num-
ber of previous episodes and medication load were
entered in the stepwise multiple regression models.
Duration of illness was the unique predictor of whole-
brain mean FA, with a significant negative linear
relationship ($=-0.49, p=0.04). HAMD scores showed
a marginal significant effect (f=-0.26, p=0.06). The
regression equation accounted for 15% of variance
(R*=0.15, F=2.83, p=0.05). Within ventromedial
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Fig. 2. Diffusion tensor imaging voxel-wise analysis of whole brains. Rows show selected axial, sagittal and coronal slices
in which tracts with a significant decrease of fractional anisotropy (FA) is observed for healthy controls versus treatment-
resistant/chronic major depressive disorder (MDD) patients (1) and for first-episode MDD patients versus treatment-
resistant/chronic MDD patients (b). The background image is the Montreal Neurological Institute (MNI152) standard
template 1x1x1 mm brain template (MNI coordinates). Green voxels represent the FA white-matter skeleton. Red voxels
represent regions in which FA was significantly decreased. IFO, Inferior frontal-occipital; R, right; L, left; ILF, inferior
longitudinal fasciculus; CC, corpus callosum; SLF, superior longitudinal fasciculus.

prefrontal ROI, HAMD scores (§=-0.29, p=0.03) and
number of previous episodes (f=-0.28, p=0.04) were
significant predictors of FA values, showing again a
negative linear relationship; the regression model
explained 12% of variance (R2=0.12, F=3.17, p=0.05).
No other clinical variable contributed significantly to
the prediction of FA values in any of the regression
models.

Discussion

We have observed widespread alterations in white-
matter microstructure of patients with treatment-
resistant/chronic MDD  when compared with
patients with a first-episode MDD and with healthy
controls. Moreover, longer duration of illness and
higher severity (this latter at a trend level)
were associated with greater white-matter disruptions.
Focusing on the ventromedial prefrontal region, the

74

treatment-resistant/chronic group showed multiple
affected fibres with significant FA reductions even
when compared with patients with remitted-recurrent
MDD. In this region, more previous episodes and
higher severity of symptoms predicted white-matter
abnormalities. Interestingly, findings remained un-
changed after controlling for medication status. To
our knowledge, this is the first DTI study that has
investigated white-matter microstructure in different
stages of non-geriatric MDD using TBSS methodology.
Our results extend previous findings showing that
microstructural white-matter anomalies may be pre-
sent in middle-aged subjects with MDD but these are
particularly heightened in patients with a chronic
course and higher current and past burden of illness.

The reported abnormal FA values in patients
with treatment-resistant/chronic depression involved
multiple white-matter tracts. Among them, the SLF,
cingulum, corpus callosum (including body, forceps
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(a) Treatment-resistant/ chronic MDD v healthy controls

(c) Treatment-resistant/ chronic MDD v remitted-recurrent MDD

Fig. 3. Diffusion tensor imaging voxel-wise analysis of the ventromedial prefrontal cortex (MFC). Blue squares indicate the
place of the MFC mask provided by FSL (Smith et al. 2004) (left side). Red blobs correspond to significant reduced fractional
anisotropy values (p<0.05, family-wise error-corrected) in treatment-resistant/chronic major depressive disorder (MDD)
patients compared with: (a) healthy controls (cluster size: 164 mm?), (b) first-episode MDD patients (cluster size: 116 mm?) and
(c) remitted-recurrent MDD patients (cluster size: 74 mm?). Images represent coronal, axial and sagittal views, respectively.

R, Right; L, left.

major and forceps minor) and ILF deserve special  that connects the dorsolateral prefrontal cortex and
attention given that significant differences within  other frontal regions with the temporal, parietal and
these tracts were found in comparison with both  occipital lobes (Schmahmann & Pandya, 2006). The
healthy controls and patients with a first-episode  cingulum bundle lies within the cingulate gyrus and
MDD. The SLF is a big bundle of association fibres  is an important association pathway linking prefrontal
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and parahippocampal cortices (Schmahmann &
Pandya, 2006). Therefore, both of these tracts constitute
key components of the fronto-temporal and fronto-
limbic connections whose dysfunction is thought to
underlie many of the emotional, cognitive and behav-
ioural deficits associated with depression (Mayberg
et al. 1999). On the other hand, diverse alterations in
the shape and size of the corpus callosum — the largest
interhemispheric bundle of the human brain-have
been previously (although not consistently) described
in depression (Walterfang et al. 2009; Sun et al. 2009;
MacMaster et al. 2013). The ILF is an association
fibre tract that connects the occipital and temporal
lobes, including the hippocampus and amygdala
(Schmahmann & Pandya, 2006), and could be related
to emotion and visual processing information deficits
of depression (Leyman et al. 2007; Desseilles et al.
2009). Significant white-matter FA reductions observed
herein along all these tracts agree well with prelimi-
nary DTI studies based on middle-aged patients
with treatment-resistant depression (Zhou et al.
2011; Hoogenboom et al. 2012; Guo et al. 2012).
Cole et al. (2012) have also reported extensive white-
matter alterations heightened with increasing severity
of symptoms in patients with long-lasting recurrent
MDD. Our findings strengthen the view that a gen-
eralized altered neurocircuitry is present in MDD,
especially in the most chronic and severe treatment-
resistant forms of depression.

Longer duration of illness was predictive of greater
white-matter microstructural abnormalities. Abe et al.
(2010) observed a negative correlation between total
days depressed and FA values in the right anterior
cingulate and left frontal cortex. However, other
DTI studies have failed to detect a relationship
with duration of illness (Ma ef al. 2007; Zou et al.
2008; Zhu et al. 2011; Guo et al. 2012). This discrepancy
could be due in part to differences in sample character-
istics, such as low number of subjects or limited
subsets of patients (including only those with either
low or high past burden of illness). Previous evidence
linking lifetime duration of illness with structural
brain changes in depression is predominantly
based on grey-matter volume data, in particular of
the hippocampus and fronto-limbic regions (Frodl
et al. 2008; McKinnon et al. 2009; Bora et al. 2012).
Although the cross-sectional study design demands
a cautious interpretation, our findings expand these
observations to white-matter microstructure, warning
of further potential risks associated with long-term
depression.

Defects observed within the ventromedial pre-
frontal cortex were provocative, since this brain
region is known to play a crucial role on refrac-
toriness to antidepressant treatment. Patients with
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treatment-resistant/chronic MDD showed abnormal-
ities in subregions of the uncinate fasciculus and cor-
pus callosum compared with the rest of the subjects,
including patients with a remitted-recurrent MDD.
These two groups shared a similar past clinical back-
ground except in the response to antidepressants. Con-
sistently, current severity of symptoms as measured by
the HAMD predicted lower FA values within the
ventromedial region. This observation complements a
previous study in which another altered measure of
the uncinate fasciculus microstructure was associated
with greater severity in patients with MDD (Zhang
et al. 2012). The uncinate fasciculus connects the
medial prefrontal cortex, including the subgenual
region, with temporo-limbic structures crucial for
mood disorders, such as the amygdala or hippo-
campus (Schmahmann & Pandya, 2006). Modulation
of neural activity in this distributed fronto-limbic net-
work has been suggested to underlie the promising
therapeutic effects of deep brain stimulation in the sub-
genual area of patients with severe forms of chronic
treatment-resistant depression (Johansen-Berg et al.
2008). Our findings bring up the question whether
deep brain stimulation achieves its effects by resolving
or bypassing the white-matter anomalies observed in
this subset of patients. Number of previous episodes
was also associated with FA reductions within
the ventromedial prefrontal area, which, taken as a
whole, suggests that white-matter microstructure of
this area may be related to recurrence and persistence
of depression.

Changes in FA could represent multiple anatomo-
pathological processes, such as changes in axonal
density or axonal diameter, abnormal myelination or
altered coherence of the fibre tracts (Sexton et al.
2009). The few post-mortem studies that have focused
on middle-aged patients support an increased pre-
valence of deep white-matter lesions in unipolar
depression (for a review, see Tham et al. 2011). In
particular, they have reported decreases in oligoden-
drocyte density (Uranova et al. 2004) and in deep
white-matter myelin staining intensity within prefron-
tal areas (Regenold et al. 2007). Additional indirect
evidence of white-matter damage in MDD come from
nuclear magnetic spectroscopic studies that have
described abnormal decreased N-acetylaspartate and
increased choline-containing compound levels in the
prefrontal cortex and hippocampus, particularly in
patients with treatment-resistant/chronic depression
and high past illness burden (Portella et al. 2011;
de Diego-Adelifio et al. 2013). These alterations in
N-acetylaspartate and choline signals presumably
reflect neuronal/axonal integrity and aberrant cell
membrane turnover, respectively (Wijtenburg et al.
2013).
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Contrary to some prior studies (Ma ef al. 2007, Zhu
et al. 2011), we did not detect any significant FA differ-
ence between patients with a first-episode MDD and
healthy controls. These patients had started medication
shortly before the scanning; hence, the likelihood that
restorative effects of antidepressant treatment could
have already emerged seems to be low. On the other
hand, current analyses were specifically designed to
test differences between patients with a low and high
illness burden. We performed an ANOVA with four
groups (rather than simply two) and applied a signifi-
cance threshold based on FWE correction, the most rig-
orous method for avoiding type I errors and probably
the one that unequivocally reflects true population-
level differences (Lieberman & Cunningham, 2009).
Therefore, we cannot rule out the existence of white-
matter anomalies in the first stages of MDD, but, in
light of our results, these could be more subtle and per-
haps limited to those patients who will subsequently
develop a treatment-resistant disorder. In this regard,
Zhou et al. (2011) reported an association between
low baseline FA values in the hippocampus and
poor subsequent antidepressant response in a sample
of non-geriatric patients.

Limitations

Several methodological issues of the present study
deserve a comment. We employed an established pro-
tocol for the Philips 3 T scanner with a SENSE factor of
2, which provides a good balance between scan time
and signal-to-noise ratio. Nevertheless, according to
the current state of the art (e.g. Jones ef al. 2013),
there are now better acquisition parameters to ensure
improved image quality for DTI research. For example,
current protocols recommend a minimum of 20 gradi-
ent directions, b-values of at least 1000 s/mm? or higher
numbers of b=0 volumes. The ‘crossing fibre problem’
is an acknowledged concern in DTI research (Jbabdi
et al. 2010). Some of the observed differences in FA
among groups may actually correspond to differences
in the number of crossing fibres. With regard to the
analyses of data, we applied a TBSS approach using
FWE correction and TFCE, which confers a meaningful
advantage in ensuring accuracy and robustness of
the findings. The sample was large and included a
representative, well-characterized group of MDD out-
patients, covering a broad spectrum of clinical illness
burden, although our conclusions should be con-
sidered in the context of a cross-sectional study design.
All patients were medicated at the time of scanning,
which could represent a major limitation of the
study. The inclusion of severely chronic ill patients pre-
vented us from establishing a drug wash-out period
because of obvious ethical concerns. The effects of
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treatment on white-matter microstructure have not
been well established yet; several studies have not
reported a clear influence (McIntosh et al. 2008; Wang
et al. 2008; Sussmann et al. 2009) but some evidence
suggests that medication might even attenuate FA
abnormalities in certain patients (Yoo et al. 2007;
Versace et al. 2008). Even though, we included an
established index of medication load (Sackeim, 2001;
Almeida ef al. 2009) in the analyses to control for the
potential confounding effects, and the results remained
unaltered.

Conclusions

In summary, the present study aimed to investigate
microstructural differences
patients with MDD in distinct stages of the illness
and healthy controls, applying TBSS on DTI data.
Our findings showed a generalized decrease of FA in
patients with the poorest clinical response and the
highest current and past illness burden. Longer dur-
ation of illness predicted lower FA at the whole-brain
level whereas more previous episodes and greater
severity of the symptoms were the negative predictors
when focused on the ventromedial prefrontal area.
These observations, in sum, support the notion that a
disruption in cortical-subcortical networks, particu-
larly the fronto-limbic connection, is associated with
persistence of symptoms and treatment refractoriness.
Whether abnormalities in white-matter microstructure
are actually cumulative over time because of pro-
longed exposure to depression should be confirmed
with longitudinal studies.

white-matter between
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DISCUSION

Aunque la investigacion de los metabolitos relacionados con glutamato y otras alteraciones de
la neuroquimica celular mediante MRS habia despertado un gran interés en los ultimos afios
en el campo de los trastornos afectivos, la mayor parte de los estudios apenas habian prestado
atencién a la influencia del curso evolutivo, incluyendo la historia de recurrencias o la
presencia de refractariedad al tratamiento. El primer trabajo de esta tesis representa la
primera comparacion publicada de las concentraciones de metabolitos en CPF entre pacientes
con depresion en diversos estadios de la enfermedad. De acuerdo a nuestras hipdtesis
iniciales, en él se demostraba que los pacientes con depresidon y una mayor carga de
enfermedad pasada, ya fueran pacientes con depresidn crdénica y resistente al tratamiento o
pacientes con larga historia de recurrencias depresivas en fase de remision, presentaban
menores concentraciones de GIlx y NAA en la CPFvm con respecto a controles sanos y a
pacientes con un primer episodio depresivo. Cabe destacar que, en el caso de los niveles de
Glx, la diferencia era de una notable magnitud, puesto que entre los pacientes con depresion
cronica resistente al tratamiento las concentraciones eran hasta un 25 y 28% menores que las
de los pacientes que presentaban su primer episodio y las de los controles sanos,
respectivamente. El patrén con respecto a las concentraciones de Cho era exactamente el
opuesto, con los niveles mds elevados entre los pacientes con depresidn crdnica resistente al
tratamiento y los niveles mas bajos entre los sujetos sanos y los pacientes con su primer
episodio depresivo. De forma consistente, las variaciones en la sefial de GIx y Cho
correlacionaban significativamente (cada una en direcciones opuestas) con los afios de
duracién de la enfermedad, sin relacién aparente con el estado sintomatico en el momento de
la exploracién. Los niveles de NAA también se relacionaban con la duracion de la enfermedad,

aunque en ese caso analisis estadisticos adicionales sefialaban una relacién mas robusta con la
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edad de debut de la enfermedad, de modo que la depresidn aparecia antes entre aquellos con

menores concentraciones de NAA en la CPFvm.

En estrecha congruencia con estos hallazgos, los resultados del segundo trabajo
demostraban alteraciones de los mismos metabolitos en hipocampo también asociadas a la
carga clinica de enfermedad. Los pacientes con depresion de larga evolucidn cuya
enfermedad se caracterizaba por un curso crdnico resistente al tratamiento o bien por
multiples recurrencias previas aun estando en remisidn, presentaban niveles disminuidos de
Glx y NAA en hipocampo con respecto a controles sanos, especialmente en hemisferio
derecho. Por el contrario, los pacientes con depresién y un curso evolutivo mas benigno (i.e.
sin episodios previos, con edad debut mas tardia y una menor duracion total de enfermedad)
no mostraban diferencias significativas con los sujetos sanos, mientras que las concentraciones
de Cho en ambos hipocampos eran significativamente menores en esos pacientes con un
primer episodio y en los controles comparados con los pacientes con depresidon crénica y
resistente al tratamiento. Asimismo, también aqui los valores de GIx y Cho correlacionaban con
el tiempo de evolucién de la enfermedad. Ademads, mayores concentraciones de Cho se
asociaban a un mayor nimero de episodios depresivos previos, sin relacion alguna entre el
estado sintomatico y la sefial de ninguno de los metabolitos. Los resultados son aun mas
interesantes si tenemos en cuenta que las alteraciones de metabolitos no se explican por la
mera reduccion del volumen del hipocampo en las fases mas avanzadas de la depresion, como

pudo controlarse en los analisis estadisticos.

Tal y como queda revisado con detalle en el apartado de discusién de los respectivos
articulos, todos estos hallazgos coinciden, en lineas generales, con los de los estudios de MRS y
depresién publicados con anterioridad, y de forma especialmente sélida en lo que respecta a
las alteraciones de GlIx. No obstante, quizas por abarcar un espectro mas amplio de enfermos

con depresiodn, nuestras observaciones se extienden a otros metabolitos implicados de forma
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menos constante, con tamafios del efecto relevantes en todos los casos. Por otra parte, los
resultados subrayan la prominencia de las anormalidades metabdlicas entre las formas mas
severas y de mds larga evolucién de la enfermedad, unas anormalidades que parecen persistir
incluso tras la resolucién de los sintomas vy, tal vez, agravarse con el paso del tiempo. La
estrecha conexion estructural y funcional entre el hipocampo y la corteza prefrontal, y su mas
gue contrastada implicacion con la fisiopatologia de los trastornos afectivos, justificaria la
similitud de las alteraciones de metabolitos observadas en ambos trabajos. Estas regiones, vy el
hipocampo en particular, desempefian un importante rol en la respuesta al estrés, quedando
especialmente expuestas a sus potenciales efectos neurotdxicos bajo condiciones de estrés

crénico.

El hallazgo de menores niveles de Glx apoya las hipdtesis que postulan anormalidades en
el metabolismo glutamatérgico en depresién (Kugaya & Sanacora, 2005) y es coherente con la
reduccién del numero de astrocitos y neuronas glutamatérgicas descrita en ACC y otras
regiones de la CPF de enfermos depresivos post-mortem (Rajkowska & Miguel-Hidalgo, 2007)
o con las alteraciones de marcadores de viabilidad astrocitaria observadas en hipocampo (Czeh
& Lucassen, 2007). Los estudios concluyen que, en depresion, la afectacion de la neuroglia
seria mas prominente que el de las propias neuronas (Rajkowska & Miguel-Hidalgo, 2007),
aunque el deterioro glial previsiblemente se traduciria en una alteracion del funcionamiento
neuronal (Haydon, 2001; Magistretti et al.,, 1999) y también han podido demostrarse
alteraciones estructurales sutiles en las neuronas de ACC e hipocampo, como la reduccién del
tamafio de sus cuerpos celulares (Cotter et al., 2001; Stockmeier et al., 2004). Ademas, la
contrastada reduccidn de los volimenes del hipocampo en depresiones de larga evolucién se
ha relacionado con disminuciones del neuropilo en esta estructura, incluyendo el decremento
de la arborizaciéon y espinas dendriticas o el de los procesos gliales (Cobb et al.,, 2013;
Stockmeier et al., 2004). Las disminuciones en la sefial de NAA observadas en los trabajos de

esta tesis podrian reflejar esas disfunciones y alteraciones de la integridad neuronal. Los
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aumentos en la sefal de Cho, por su parte, tal y como habiamos mencionado con anterioridad,
se han relacionado con el recambio celular y de membrana (Boulanger et al., 2000). Asi pues,
en conjunto, las alteraciones de las concentraciones de Glx, NAA y Cho presentes entre los
pacientes con depresidn crdnica y recurrente apoyarian la existencia de anormalidades en glia,
neuronas y procesos de remodelacién en CPFvm e hipocampo, y sugeririan que esos cambios

celulares estarian ligados a la carga clinica de la enfermedad y a su curso evolutivo.

Junto a las alteraciones de la neuroquimica celular en territorios fronto-limbicos, los
estudios de neuroimagen funcional avalan la hipdtesis de una disfuncion subyacente en la
conectividad entre estas y otras areas cerebrales en la depresion (Drevets et al., 2008a;
Mayberg, 2003). Aunque la mayor parte de los estudios DTl que revelaban alteraciones
microestructurales de sustancia blanca en depresiéon se basaban en muestras de pacientes
ancianos, algunos trabajos apuntaban ya a la existencia de alteraciones de la FA en un espectro
mas amplio de la pacientes depresivos (Murphy & Frodl, 2011; Sexton et al., 2009). El tercer
trabajo de esta tesis es la primera publicacidn que compara la microestructura de sustancia
blanca entre diferentes estadios de depresidon no geridtrica, usando DTl y metodologia TBSS.
Los resultados del estudio amplian las observaciones de otros autores y suscriben las hipétesis
iniciales al demostrar extensas disminuciones de la FA entre pacientes con depresién crdnica
resistente al tratamiento en comparacion con sujetos controles sanos y pacientes con un
primer episodio depresivo. Los afios de evolucion de la enfermedad y, de forma marginal, la

intensidad de los sintomas, se asociaban con mayores disrupciones de sustancia blanca.

Los tractos mayormente afectados eran el fasciculo longitudinal superior, el cingulum, el
cuerpo calloso (incluyendo regiones del cuerpo, el férceps major y el forceps minor) y el
fasciculo longitudinal inferior. De entre ellos, es particularmente remarcable la afectacién del
fasciculo longitudinal superior y el cingulum, dada la congruencia con la hipdtesis de afectacién

de la conectividad fronto-temporal y fronto-limbica en depresidn. El cingulum es una ruta de
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asociacién fundamental entre las cortezas prefrontales y parahipocampales mientras que el
fasciculo longitudinal superior es un importante haz de fibras de asociacién que conecta la
corteza prefrontal dorsolateral con otras regiones frontales y con los |6bulos temporal, parietal
y occipital (Schmahmann & Pandya, 2006). La afectacion del fasciculo superior longitudinal en
depresiéon, ademas, se ha visto respaldada por un meta-andlisis en el que también se
relacionaba la disminucion de la FA en esta region con la duracion de la enfermedad y la
gravedad de los sintomas (Murphy & Frodl, 2011). La disfuncién de la conexién entre las
regiones prefrontales y témporo-limbicas parece el principal sustrato neural de la mayor parte
de déficits emocionales, cognitivos y comportamentales asociados a depresién y los dafios en
la microestructura de sustancia blanca de estas regiones ligan con las anormalidades

metabdlicas reportadas en las mismas areas por los otros dos trabajos de esta tesis.

No obstante, la reducciéon de FA descrita aqui también compromete a otras regiones
cerebrales. Esto coincide con los resultados de otro reciente estudio en el que se observaba
una afectacidn extensa de la microestructura de sustancia blanca en pacientes con depresion
de larga evolucién, asociada asimismo a la gravedad de los sintomas (Cole et al., 2012).
Nuestros hallazgos refuerzan la presencia de una disfuncién generalizada de la neurocircuiteria
en depresion, especialmente en las formas mas graves y resistentes al tratamiento, y esta

disfuncidn parece claramente ligada al curso evolutivo y a la carga clinica de enfermedad.

Cuando el andlisis se focalizd en la regién prefrontal ventromedial, los pacientes con
depresién crénica resistente mostraban disminuciones significativas de la FA en comparacién
al resto de grupos, incluso en comparacion a los pacientes con depresidn recurrente en actual
remision. Entre los tractos afectados aqui, se incluian subregiones del fasciculo uncinado (otro
tracto esencial en la conexién prefronto-limbica) y del cuerpo calloso (el mayor haz de
conexién cerebral interhemisférica) (Schmahmann & Pandya, 2006). En esta zona, el numero

de episodios previos y la gravedad sintomatica eran predictores independientes de las
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anormalidades de FA, de modo que cuantas mas recurrencias y mayor intensidad de los
sintomas, menores eran los niveles de FA. Los hallazgos, en su conjunto, son coherentes con el
trascendente rol que parece jugar la CPFvm en la recurrencia, la refractariedad y la
persistencia de los sintomas. La modulacién de la actividad neural en esta zona se postula
como la responsable de los alentadores efectos terapéuticos de la DBS en el area cingulada
subgenual entre los pacientes con las formas mas graves de depresién crdnica (Johansen-Berg
et al., 2008). Curiosamente, algunos de los pacientes que sufrian depresion crdnica resistente
al tratamiento y que fueron reclutados para este estudio, fueron posteriormente tratados
mediante DBS con buenos resultados (Puigdemont et al., 2012). Queda por discernir si los
efectos terapéuticos de la DBS se alcanzan resolviendo o simplemente eludiendo las

alteraciones microestructurales de la sustancia blanca descritas en esta region.

Las variaciones de la FA pueden representar diversos procesos anatomopatoldgicos, como
cambios en la densidad o el didmetro axonal, anormalidades de la mielinizacién o alteraciones
en la coherencia de los tractos fibrosos (Sexton et al., 2009). Los pocos estudios post-mortem
focalizados en pacientes adultos de mediana edad avalan la presencia de lesiones de la
sustancia blanca profunda en la depresion unipolar (Tham et al., 2011). En concreto, se han
descrito disminuciones en la densidad de oligodendrocitos (células gliales encargadas de la
mielinizacién de las fibras en el sistema nervioso central) o reducciones en la intensidad de la
tincién de mielina en la sustancia blanca profunda de regiones prefrontales (Regenold et al.,
2007; Uranova et al., 2004). Las alteraciones de la FA han sido relacionadas con cambios de la
neuroquimica celular en investigaciones previas (Wijtenburg et al., 2012). Las alteraciones
microestructurales de la sustancia blanca que acabamos de describir casan coherentemente
con las presuntas alteraciones de la integridad neuronal/axonal y del recambio de membrana
reflejadas por las anormales concentraciones de NAA y Cho reportadas en los dos primeros

trabajos.
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En resumen, tanto las variaciones de los niveles de Glx y el resto de metabolitos en CPFvm e
hipocampo como las disminuciones generalizadas de la FA mostradas en los pacientes
depresivos, apoyan la probable implicacién de la neuroglia en la fisiopatologia de la depresion,
y la sobrerrepresentacidon de estas alteraciones entre los pacientes con peor respuesta clinica y
mayor carga de enfermedad subraya su importancia en los procesos de recurrencia y
resistencia al tratamiento. Aunque sin esclarecer por completo en qué grado las alteraciones
de los metabolitos y de la microestructura de sustancia blanca son preexistentes o secundarias
a la progresién de la enfermedad, estos hallazgos son altamente sugestivos del potencial
neurotodxico de los estados depresivos y respaldan, al menos de forma preliminar, algunos de
los enunciados de la hipdtesis de kindling (Post, 1992). Los resultados podrian abrir las puertas
a nuevos enfoques diagndsticos e incluso a nuevos objetivos terapéuticos, puesto que hacen
hincapié en las consecuencias de permanecer enfermo por largos periodos de tiempo e invitan
a explorar pautas de tratamiento antidepresivo mas adecuadas y especificas (quizas con
nuevos mecanismos de accién como los agentes moduladores glutamatérgicos) desde las
primeras etapas de la enfermedad con el fin de evitar los potenciales cambios neurotéxicos

deletéreos presumiblemente asociados a las recaidas y la cronicidad.

Fortalezas y limitaciones generales

Aunque los aspectos metodoldgicos han sido discutidos en profundidad en cada uno de los
articulos incluidos en esta tesis, se citaran a continuacion las fortalezas y limitaciones mas
relevantes y comunes a los tres trabajos presentados. Todas las exploraciones radioldgicas se
realizaron con un equipo de RMN Philips de 3 Teslas de intensidad de campo magnético, el
cudl provee una mejor relacién de sefial-ruido que los dispositivos mds convencionales de 1’5
0 2 Teslas y mejora la resolucion de los picos metabdlicos y de las imagenes del tensor de

difusién. Las muestras de pacientes ambulatorios incluidas en los tres trabajos eran
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relativamente grandes, cubriendo un espectro mas amplio de gravedad y carga clinica de la
enfermedad que investigaciones anteriores, lo que permitié testar las hipdtesis. Ademas, por
tratarse de pacientes que -en su mayoria- llevaban largo tiempo de seguimiento en nuestras
Consultas Externas, los casos estaban muy bien caracterizados, mejorando asi la fiabilidad de
los diagndsticos y las variables clinicas empleadas. No obstante, a pesar de la consistencia
interna de los hallazgos y de las relaciones observadas en torno a la duracién de la enfermedad
o al numero de episodios previos, la interpretacion de los resultados estd inevitablemente
condicionada por las limitaciones propias de los disefios caso-control. Asi pues, la presunta
existencia de marcadores de rasgo/vulnerabilidad y el posible empeoramiento de los
parametros metabdlicos y microestructurales de sustancia blanca a lo largo del tiempo deben
ser confirmados mediante estudios longitudinales prospectivos, algunos de los cudles ya
hemos puesto en marcha. Por ultimo, el hecho de que los pacientes estuvieran medicados en
el momento de la exploracién radiolégica representa probablemente la mayor limitacion de la
investigacion. La necesaria inclusién de pacientes graves, especialmente en el caso del grupo
de pacientes con depresidn crdnica, hacia inviable la posibilidad de retirar la medicacion por
razones éticas. Sin embargo, como queda referido en detalle en los respectivos trabajos de la
tesis, la direccidn de los resultados coincide, en general, con la de estudios previos, incluso con
la de aquellos que se han basado en muestras de pacientes no tratados. Varias investigaciones
apoyan la falta de influencia de la medicacidon antidepresiva en los metabolitos o la FA
(Sussmann et al., 2009; Taylor et al., 2010; Wang et al., 2008) y otras han sugerido que el
tratamiento podria, si cabe, atenuar las alteraciones de estos pardmetros (Michael et al.,
2003b; Taylor et al., 2012; Versace et al., 2008; Yoo et al., 2007). En el dltimo de los trabajos de
la tesis, ademas, se calculé una medida estimativa de la carga de tratamiento para cada
paciente y fue incluida como covariable en los analisis sin que modificara las conclusiones. Por
todo ello, parece improbable que los resultados observados sean meramente atribuibles a la

influencia del tratamiento.
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CONCLUSIONES

En esta tesis se han presentado y discutido las multiples alteraciones de metabolitos

estructurales y de la microestructura de sustancia blanca presentes en regiones fronto-
limbicas de pacientes con depresién crdnica o con gran carga clinica de enfermedad pasada.
De acuerdo a los resultados obtenidos en los distintos trabajos y a las hipdtesis y objetivos

planteados al inicio de esta tesis, se enumeran las siguientes conclusiones finales:

Trabajo 1 - Alteraciones MRS en CPFvm asociadas a la recurrencia y cronicidad

1. Los pacientes con depresion de larga evolucidn cuya enfermedad se caracteriza por un
curso crénico resistente al tratamiento presentan niveles disminuidos de Glx y NAA 'y
niveles aumentados de Cho en CPFvm con respecto a controles sanos y a pacientes que
sufren su primer episodio depresivo.

2. Los pacientes con depresion de larga evolucién cuya enfermedad se caracteriza por
multiples recurrencias, aun halldndose en situacion de remision clinica, presentan
concentraciones de Glx y NAA en CPFvm igualmente disminuidas con respecto a controles
sanos y a pacientes que sufren su primer episodio depresivo.

3. Lasrespectivas anomalias en los niveles de Glx y Cho en CPFvm correlacionan
significativamente con el tiempo de evolucion de la enfermedad. La disminucién de los

valores de NAA, por su parte, se asocia a una edad de debut mas temprana.

Trabajo 2 — Alteraciones MRS en hipocampo asociadas a la recurrencia y cronicidad

1. Los pacientes con depresion de larga evolucién cuya enfermedad se caracteriza por un
curso cronico resistente al tratamiento presentan niveles disminuidos de Glx y NAA en
hipocampo (especialmente en hemisferio derecho) con respecto a controles sanos. Los
niveles de Cho en hipocampo, por el contrario, son significativamente superiores entre los

pacientes con depresion crdnica y resistente al tratamiento.
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Los pacientes con depresion de larga evolucidn cuya enfermedad se caracteriza por
multiples recurrencias, aun halldndose en situacion de remisidn clinica, presentan
concentraciones de GIx y NAA en hipocampo derecho igualmente disminuidas con
respecto a controles sanos.

Los pacientes con un curso de enfermedad mas benigno (es decir, aquellos que sufren su
primer episodio depresivo con una edad de debut mas tardia y una menor duracién de
enfermedad) no muestran diferencias con sujetos sanos en los valores de metabolitos
estructurales de hipocampo, pero si presentan concentraciones significativamente
menores de Cho bilateralmente con respecto a los pacientes con depresidn crénicay
resistente al tratamiento.

Las respectivas anormalidades de los niveles de Glx, NAA y Cho son independientes de (o
no se explican exclusivamente por) el menor volumen total de hipocampo observado
entre los pacientes con larga historia de recurrencias o refractariedad.

Las alteraciones de los valores de Glx y Cho correlacionan en direcciones opuestas con el
tiempo de evolucién de la enfermedad y mayores concentraciones de Cho, ademas, se

asocian con un mayor numero de episodios depresivos previos.

Trabajos 1y 2 — Alteraciones espectroscopicas en CPFvm e hipocampo

1.

Las anomalias en las concentraciones de Glx, Cho y NAA descritas tanto en CPFvm como
hipocampo guardan mas relacién con variables relacionadas con la carga de enfermedad
(i.e. cronicidad y refractariedad al tratamiento, historia de multiples recurrencias, mayor
duracion de la enfermedad o debut precoz) que con el propio estado sintomatico en el
momento de la exploracion.

Estos resultados son congruentes con los hallazgos post-mortem de pacientes con
depresidn y apoyarian la existencia de cambios celulares en CPF y en hipocampo que

estarian asociados al curso evolutivo de la depresién. Las disminuciones de Glx y NAAy los
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incrementos de Cho observados en la CPFvm e hipocampo podrian reflejar alteraciones de
la glia, alteraciones de la integridad neuronal y procesos de remodelacion celular,

respectivamente.

Trabajo 3 - Alteraciones microestructurales de sustancia blanca asociadas a recurrencia y

cronicidad

1. Los pacientes con depresidn cronica resistente al tratamiento presentan una alteracion
generalizada de la microestructura de sustancia blanca con respecto a sujetos controles
sanos y pacientes con un primer episodio depresivo, que resulta independiente de la carga
de medicacién que toman. Los tractos mayormente afectados son el fasciculo longitudinal
superior e inferior, el cuerpo calloso y el cingulum, implicando, por tanto, a redes cortico-
corticales y cortico-subcorticales, entre las que se incluye el circuito fronto-limbico. La
duracién de la enfermedad, desde su debut, es la variable clinica mas claramente asociada
con estas anormalidades.

2. Al poner el foco en la CPFvm, los pacientes con depresidn cronica resistente al
tratamiento presentan disrupciones de la microestructura de sustancia blanca en
subregiones del fasciculo uncinado y del cuerpo calloso con respecto a controles sanos, a
pacientes con un primer episodio, e incluso a pacientes con depresidn recurrente de larga
evolucion en fase de remisién. El nimero de episodios previos y la gravedad sintomatica
son aqui los predictores de esas alteraciones. Estas observaciones son consistentes con el
papel crucial en la respuesta al tratamiento que se atribuye a la CPFvm y sefialan la posible
relaciéon de la microestructura de la sustancia blanca en esta zona con la recurrencia y

refractariedad de la depresidn.
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Nuevas lineas de investigacion

Los resultados y conclusiones de esta tesis han sugerido la apertura de nuevas lineas de

trabajo, algunas de ellas ya en desarrollo:

e Partiendo de un disefio caso-control similar al de los trabajos presentados, resultaria de
gran interés la exploracidon de marcadores asociados a recurrencia, refractariedad y carga
de enfermedad pasada:

a) Mediante otras técnicas y modalidades de neuroimagen (p.e. analisis de grosor y/o
volumen mediante VBM o estudios de Default-Mode Network con RMN funcional)

b) Poniendo el foco en otras dianas especificas que se hayan mostrado relevantes en los
trastornos del dnimo (p.e. amigdala, nlcleo accumbens o habénula).

e Partiendo de un diseio longitudinal prospectivo centrado en los pacientes con un primer
episodio depresivo mayor, resultaria de gran valor:

a) La exploracidon de marcadores de neuroimagen al inicio del tratamiento capaces de
predecir la respuesta terapéutica y el curso de la enfermedad

b) El estudio de la posible progresién en las concentraciones de metabolitos estructurales
y alteraciones de la microestructura de sustancia blanca de CPFvm, hipocampo u otras
regiones a través de estudios seriados con RMN en los pacientes con mala respuesta al
tratamiento o historia de recurrencias a lo largo del tiempo.

c) La evaluacion de nuevas dianas terapéuticas (p.e. moduladores glutamatérgicos y de la
glia) y de variables clinicas relacionadas con el tratamiento (p.e. duracion de la
depresion sin tratar) en su capacidad para modular los cambios identificables con la
neuroimagen y mejorar el prondstico de la enfermedad.

d) Lainvestigacion de otros marcadores bioldgicos (p.e. genéticos o bioquimicos, tales
como agentes inflamatorios) relacionados con las alteraciones de la neuroimagen

estructural y el curso evolutivo.

96



MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

97



IFERESARTY

2 el Aot
RO
™
§ N

U0 L

N

BIBLIOGRAFIA

98




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

BIBLIOGRAFIA

Ajilore, 0., Haroon, E., Kumaran, S., Darwin, C., Binesh,
N., Mintz, J., Miller, J., Thomas, M. A., & Kumar, A.
(2007). Measurement of brain metabolites in patients
with type 2 diabetes and major depression using
proton magnetic resonance spectroscopy.
Neuropsychopharmacology, 32(6), 1224-1231.

Alger, J. R. (2010). Quantitative proton magnetic
resonance spectroscopy and spectroscopic imaging of
the brain: a didactic review. Top Magn Reson
Imaging, 21(2), 115-128.

Almeida, J. R., Akkal, D., Hassel, S., Travis, M. J.,
Banihashemi, L., Kerr, N., Kupfer, D. J., & Phillips, M. L.
(2009). Reduced gray matter volume in ventral
prefrontal cortex but not amygdala in bipolar
disorder: significant effects of gender and trait
anxiety. Psychiatry Res, 171(1), 54-68.

Alonso, J., Angermeyer, M. C., Bernert, S., Bruffaerts, R.,
Brugha, T. S., Bryson, H., et al. (2004a). Disability and
quality of life impact of mental disorders in Europe:
results from the European Study of the Epidemiology
of Mental Disorders (ESEMeD) project. Acta Psychiatr
Scand Suppl(420), 38-46.

Alonso, J., Angermeyer, M. C., Bernert, S., Bruffaerts, R.,
Brugha, T. S., Bryson, H., et al. (2004b). Prevalence of
mental disorders in Europe: results from the
European Study of the Epidemiology of Mental
Disorders (ESEMeD) project. Acta Psychiatr Scand
Suppl(420), 21-27.

Angst, F., Stassen, H. H., Clayton, P. J., & Angst, J.
(2002). Mortality of patients with mood disorders:
follow-up over 34-38 years. J Affect Disord, 68(2-3),
167-181.

Auer, D. P., Putz, B., Kraft, E., Lipinski, B., Schill, J., &
Holsboer, F. (2000). Reduced glutamate in the
anterior cingulate cortex in depression: an in vivo
proton magnetic resonance spectroscopy study. Biol
Psychiatry, 47(4), 305-313.

Banasr, M., & Duman, R. S. (2008). Glial loss in the
prefrontal cortex is sufficient to induce depressive-like
behaviors. Biol Psychiatry, 64(10), 863-870.

Berman, R. M., Cappiello, A., Anand, A., Oren, D. A,
Heninger, G. R., Charney, D. S., & Krystal, J. H. (2000).
Antidepressant effects of ketamine in depressed
patients. Biol Psychiatry, 47(4), 351-354.

Block, W., Traber, F., von Widdern, O., Metten, M.,
Schild, H., Maier, W., Zobel, A., & Jessen, F. (2009).
Proton MR spectroscopy of the hippocampus at 3 T in
patients with unipolar major depressive disorder:
correlates and predictors of treatment response. Int J
Neuropsychopharmacol, 12(3), 415-422.

Bora, E., Fornito, A., Pantelis, C., & Yucel, M. (2012).
Gray matter abnormalities in Major Depressive
Disorder: a meta-analysis of voxel based
morphometry studies. J Affect Disord, 138(1-2), 9-18.

99

Boulanger, Y., Labelle, M., & Khiat, A. (2000). Role of
phospholipase A(2) on the variations of the choline
signal intensity observed by 1H magnetic resonance
spectroscopy in brain diseases. Brain Res Brain Res
Rev, 33(2-3), 380-389.

Bukh, J. D., Bock, C., Vinberg, M., & Kessing, L. V. (2013).
The effect of prolonged duration of untreated
depression on antidepressant treatment outcome. J
Affect Disord, 145(1), 42-48.

Burke, H. M., Davis, M. C., Otte, C., & Mohr, D. C.
(2005). Depression and cortisol responses to
psychological stress: a meta-analysis.
Psychoneuroendocrinology, 30(9), 846-856.

Caetano, S. C., Fonseca, M., Olvera, R. L., Nicoletti, M.,
Hatch, J. P., Stanley, J. A, et al. (2005). Proton
spectroscopy study of the left dorsolateral prefrontal
cortex in pediatric depressed patients. Neurosci Lett,
384(3), 321-326.

Campbell, S., & Macqueen, G. (2004). The role of the
hippocampus in the pathophysiology of major
depression. J Psychiatry Neurosci, 29(6), 417-426.

Campbell, S., Marriott, M., Nahmias, C., & MacQueen,
G. M. (2004). Lower hippocampal volume in patients
suffering from depression: a meta-analysis. Am J
Psychiatry, 161(4), 598-607.

Cobb, J. A., Simpson, J., Mahajan, G. J., Overholser, J. C.,
Jurjus, G. J., Dieter, L., et al. (2013). Hippocampal
volume and total cell numbers in major depressive
disorder. J Psychiatr Res, 47(3), 299-306.

Cole, J., Chaddock, C. A., Farmer, A. E., Aitchison, K. J.,
Simmons, A., McGuffin, P., & Fu, C. H. (2012). White
matter abnormalities and illness severity in major
depressive disorder. Br J Psychiatry, 201(1), 33-39.

Cotter, D., Mackay, D., Landau, S., Kerwin, R., & Everall,
1. (2001). Reduced glial cell density and neuronal size
in the anterior cingulate cortex in major depressive
disorder. Arch Gen Psychiatry, 58(6), 545-553.

Czeh, B., & Lucassen, P. J. (2007). What causes the
hippocampal volume decrease in depression? Are
neurogenesis, glial changes and apoptosis implicated?
Eur Arch Psychiatry Clin Neurosci, 257(5), 250-260.

Chang, C. K., Hayes, R. D., Perera, G., Broadbent, M. T.,
Fernandes, A. C., Lee, W. E., Hotopf, M., & Stewart, R.
(2011). Life expectancy at birth for people with
serious mental illness and other major disorders from
a secondary mental health care case register in
London. PLoS One, 6(5), e19590.

Dager, S. R., Corrigan, N. M., Richards, T. L., & Posse, S.
(2008). Research applications of magnetic resonance
spectroscopy to investigate psychiatric disorders. Top
Magn Reson Imaging, 19(2), 81-96.

de Diego-Adelino, J., Pires, P., Gomez-Anson, B., Serra-
Blasco, M., Vives-Gilabert, Y., Puigdemont, D., et al.




BIBLIOGRAFIA

(2013a). Microstructural white-matter abnormalities
associated with treatment resistance, severity and
duration of illness in major depression. Psychol Med,
1-12.

de Diego-Adelino, J., Portella, M. J., Gomez-Anson, B.,
Lopez-Moruelo, O., Serra-Blasco, M., Vives, Y., et al.
(2013b). Hippocampal abnormalities of
glutamate/glutamine, N-acetylaspartate and choline
in patients with depression are related to past illness
burden. J Psychiatry Neurosci, 38(2), 107-116.

de Diego-Adelino, J., Portella, M. J., Puigdemont, D.,
Perez-Egea, R., Alvarez, E., & Perez, V. (2010). A short
duration of untreated illness (DUI) improves response
outcomes in first-depressive episodes. J Affect Disord,
120(1-3), 221-225.

Drevets, W. C. (2000). Neuroimaging studies of mood
disorders. Biol Psychiatry, 48(8), 813-829.

Drevets, W. C., Price, J. L., & Furey, M. L. (2008a). Brain
structural and functional abnormalities in mood
disorders: implications for neurocircuitry models of
depression. Brain Struct Funct, 213(1-2), 93-118.

Drevets, W. C., Savitz, J., & Trimble, M. (2008b). The
subgenual anterior cingulate cortex in  mood
disorders. CNS Spectr, 13(8), 663-681.

Eaton, W. W., Shao, H., Nestadt, G., Lee, H. B,
Bienvenu, O. J., & Zandi, P. (2008). Population-based
study of first onset and chronicity in major depressive
disorder. Arch Gen Psychiatry, 65(5), 513-520.

Ende, G., Braus, D. F., Walter, S., Weber-Fahr, W., &
Henn, F. A. (2000). The hippocampus in patients
treated with electroconvulsive therapy: a proton
magnetic resonance spectroscopic imaging study.
Arch Gen Psychiatry, 57(10), 937-943.

Ezquiaga, E., Ayuso Gutierrez, J. L., & Garcia Lopez, A.
(1987). Psychosocial factors and episode number in
depression. J Affect Disord, 12(2), 135-138.

Farchione, T. R., Moore, G. J., & Rosenberg, D. R. (2002).
Proton magnetic resonance spectroscopic imaging in
pediatric major depression. Biol Psychiatry, 52(2), 86-
92.

Fekadu, A., Wooderson, S. C., Markopoulo, K.,
Donaldson, C., Papadopoulos, A., & Cleare, A. J.
(2009). What happens to patients with treatment-
resistant depression? A systematic review of medium
to long term outcome studies. J Affect Disord, 116(1-
2), 4-11.

Frodl, T., & O'Keane, V. (2013). How does the brain deal
with cumulative stress? A review with focus on
developmental stress, HPA axis function and
hippocampal structure in humans. Neurobiol Dis, 52,
24-37.

Ghio, L., Gotelli, S., Marcenaro, M., Amore, M., & Natta,
W. (2014). Duration of untreated illness and
outcomes in unipolar depression: a systematic review
and meta-analysis. J Affect Disord, 152-154, 45-51.

Gold, P. W., Drevets, W. C., & Charney, D. S. (2002).
New insights into the role of cortisol and the
glucocorticoid receptor in severe depression. Biol
Psychiatry, 52(5), 381-385.

100

Greenberg, P. E., Kessler, R. C., Birnbaum, H. G., Leong,
S. A, Lowe, S. W,, Berglund, P. A., & Corey-Lisle, P. K.
(2003). The economic burden of depression in the
United States: how did it change between 1990 and
2000? J Clin Psychiatry, 64(12), 1465-1475.

Gruber, S., Frey, R., Mlynarik, V., Stadlbauer, A., Heiden,
A., Kasper, S., Kemp, G. J.,, & Moser, E. (2003).
Quantification of metabolic differences in the frontal
brain of depressive patients and controls obtained by
1H-MRS at 3 Tesla. Invest Radiol, 38(7), 403-408.

Guo, W. B,, Liu, F., Chen, J. D., Xu, X. J., Wu, R. R., Ma, C.
Q., et al. (2012). Altered white matter integrity of
forebrain in treatment-resistant depression: a
diffusion tensor imaging study with tract-based
spatial statistics. Prog Neuropsychopharmacol Biol
Psychiatry, 38(2), 201-206.

Hamani, C., Mayberg, H., Stone, S., Laxton, A., Haber, S.,
& Lozano, A. M. (2011). The subcallosal cingulate
gyrus in the context of major depression. Biol
Psychiatry, 69(4), 301-308.

Haro, J. M., Palacin, C., Vilagut, G., Martinez, M., Bernal,
M., Luque, I., et al. (2006). [Prevalence of mental
disorders and associated factors: results from the
ESEMeD-Spain study]. Med Clin (Barc), 126(12), 445-
451.

Harrison, P. J. (2002). The neuropathology of primary
mood disorder. Brain, 125(Pt 7), 1428-1449.

Hasler, G., van der Veen, J. W., Tumonis, T., Meyers, N.,
Shen, J., & Drevets, W. C. (2007). Reduced prefrontal
glutamate/glutamine and gamma-aminobutyric acid
levels in major depression determined using proton
magnetic resonance spectroscopy. Arch Gen
Psychiatry, 64(2), 193-200.

Haydon, P. G. (2001). GLIA: listening and talking to the
synapse. Nat Rev Neurosci, 2(3), 185-193.

Heninger, G. R., Delgado, P. L., & Charney, D. S. (1996).
The revised monoamine theory of depression: a
modulatory role for monoamines, based on new
findings from monoamine depletion experiments in
humans. Pharmacopsychiatry, 29(1), 2-11.

Hercher, C., Turecki, G., & Mechawar, N. (2009).
Through the looking glass: examining
neuroanatomical evidence for cellular alterations in
major depression. J Psychiatr Res, 43(11), 947-961.

Heuser, ., Yassouridis, A., & Holsboer, F. (1994). The
combined dexamethasone/CRH test: a refined
laboratory test for psychiatric disorders. J Psychiatr
Res, 28(4), 341-356.

Holsboer, F., Lauer, C. J., Schreiber, W., & Krieg, J. C.
(1995). Altered hypothalamic-pituitary-adrenocortical
regulation in healthy subjects at high familial risk for
affective disorders. Neuroendocrinology, 62(4), 340-
347.

Hoogenboom, W. S., Perlis, R. H., Smoller, J. W., Zeng-
Treitler, Q., Gainer, V. S., Murphy, S. N, et al. (2012).
Limbic system white matter microstructure and long-
term treatment outcome in major depressive
disorder: A diffusion tensor imaging study using
legacy data. World J Biol Psychiatry.




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

Ising, M., Kunzel, H. E., Binder, E. B., Nickel, T., Modell,
S., & Holsboer, F. (2005). The combined
dexamethasone/CRH test as a potential surrogate
marker in depression. Prog Neuropsychopharmacol
Biol Psychiatry, 29(6), 1085-1093.

Jansson, L., Wennstrom, M., Johanson, A., & Tingstrom,
A. (2009). Glial cell activation in response to
electroconvulsive seizures. Prog
Neuropsychopharmacol Biol Psychiatry, 33(7), 1119-
1128.

Johansen-Berg, H., Gutman, D. A., Behrens, T. E.,
Matthews, P. M., Rushworth, M. F., Katz, E., Lozano,
A. M., & Mayberg, H. S. (2008). Anatomical
connectivity of the subgenual cingulate region
targeted with deep brain stimulation for treatment-
resistant depression. Cereb Cortex, 18(6), 1374-1383.

Kaymak, S. U., Demir, B., Oguz, K. K., Senturk, S., & Ulug,
B. (2009). Antidepressant effect detected on proton
magnetic resonance spectroscopy in drug-naive
female patients with first-episode major depression.
Psychiatry Clin Neurosci, 63(3), 350-356.

Klein, J., Gonzalez, R., Koppen, A., & Loffelholz, K.
(1993). Free choline and choline metabolites in rat
brain and body fluids: sensitive determination and
implications for choline supply to the brain.
Neurochem Int, 22(3), 293-300.

Koenigs, M., & Grafman, J. (2009). The functional
neuroanatomy of depression: distinct roles for
ventromedial and dorsolateral prefrontal cortex.
Behav Brain Res, 201(2), 239-243.

Kraepelin, E. (1921). Einfiihrung in die psychiatrische
klinik (4., vollig umgearb. aufl. ed.). Leipzig,: J. A.
Barth.

Krishnan, V., & Nestler, E. J. (2010). Linking molecules to
mood: new insight into the biology of depression. Am
J Psychiatry, 167(11), 1305-1320.

Kugaya, A., & Sanacora, G. (2005). Beyond monoamines:
glutamatergic function in mood disorders. CNS Spectr,
10(10), 808-819.

Kumar, A., Thomas, A., Lavretsky, H., Yue, K., Huda, A.,
Curran, J.,, et al. (2002). Frontal white matter
biochemical abnormalities in late-life  major
depression detected with proton magnetic resonance
spectroscopy. Am J Psychiatry, 159(4), 630-636.

Lai, C. H. (2013). Gray matter volume in major
depressive disorder: a meta-analysis of voxel-based
morphometry studies. Psychiatry Res, 211(1), 37-46.

Lehmann, A., Isacsson, H., & Hamberger, A. (1983).
Effects of in vivo administration of kainic acid on the
extracellular amino acid pool in the rabbit
hippocampus. J Neurochem, 40(5), 1314-1320.

Lipton, S. A., & Rosenberg, P. A. (1994). Excitatory
amino acids as a final common pathway for
neurologic disorders. N Engl J Med, 330(9), 613-622.

Lucassen, P. J., Muller, M. B., Holsboer, F., Bauer, J.,
Holtrop, A., Wouda, J., Hoogendijk, W. J., De Kloet, E.
R., & Swaab, D. F. (2001). Hippocampal apoptosis in
major depression is a minor event and absent from

101

subareas at risk for glucocorticoid overexposure. Am J
Pathol, 158(2), 453-468.

MacQueen, G., & Frodl, T. (2011). The hippocampus in
major depression: evidence for the convergence of
the bench and bedside in psychiatric research? Mol
Psychiatry, 16(3), 252-264.

Magistretti, P. J., Pellerin, L., Rothman, D. L., & Shulman,
R. G. (1999). Energy on demand. Science, 283(5401),
496-497.

Matsubara, T., Funato, H., Kobayashi, A., Nobumoto,
M., & Watanabe, Y. (2006). Reduced Glucocorticoid
Receptor alpha Expression in Mood Disorder Patients
and First-Degree Relatives. Biol Psychiatry, 59(8), 689-
695.

Mayberg, H. S. (2003). Modulating dysfunctional limbic-
cortical circuits in depression: towards development
of brain-based algorithms for diagnosis and optimised
treatment. Br Med Bull, 65, 193-207.

McEwen, B. S., & Magarinos, A. M. (2001). Stress and
hippocampal  plasticity:  implications for  the
pathophysiology of affective disorders. Hum
Psychopharmacol, 16(S1), S7-S19.

McKinnon, M. C., Yucel, K., Nazarov, A., & MacQueen,
G. M. (2009). A meta-analysis examining clinical
predictors of hippocampal volume in patients with
major depressive disorder. J Psychiatry Neurosci,
34(1), 41-54.

Merali, Z., Du, L., Hrdina, P., Palkovits, M., Faludi, G.,
Poulter, M. O., & Anisman, H. (2004). Dysregulation in
the suicide brain: mRNA expression of corticotropin-
releasing hormone receptors and GABA(A) receptor
subunits in frontal cortical brain region. J Neurosci,
24(6), 1478-1485.

Mervaala, E., Fohr, J., Kononen, M., Valkonen-
Korhonen, M., Vainio, P., Partanen, K., et al. (2000).
Quantitative MRI of the hippocampus and amygdala
in severe depression. Psychol Med, 30(1), 117-125.

Michael, N., Erfurth, A., Ohrmann, P., Arolt, V., Heindel,
W., & Pfleiderer, B. (2003a). Metabolic changes within
the left dorsolateral prefrontal cortex occurring with
electroconvulsive therapy in patients with treatment
resistant unipolar depression. Psychol Med, 33(7),
1277-1284.

Michael, N., Erfurth, A., Ohrmann, P., Arolt, V., Heindel,
W., & Pfleiderer, B. (2003b). Neurotrophic effects of
electroconvulsive therapy: a proton magnetic
resonance study of the left amygdalar region in
patients  with  treatment-resistant  depression.
Neuropsychopharmacology, 28(4), 720-725.

Milne, A., MacQueen, G. M., Yucel, K., Soreni, N., & Hall,
G. B. (2009). Hippocampal metabolic abnormalities at
first onset and with recurrent episodes of a major
depressive disorder: a proton magnetic resonance
spectroscopy study. Neuroimage, 47(1), 36-41.

Mirza, Y., Tang, J., Russell, A., Banerjee, S. P., Bhandari,
R., Ivey, J., Rose, M., Moore, G. J., & Rosenberg, D. R.
(2004). Reduced anterior cingulate  cortex
glutamatergic concentrations in childhood major
depression. J Am Acad Child Adolesc Psychiatry, 43(3),
341-348.




BIBLIOGRAFIA

Moffett, J. R., Ross, B., Arun, P., Madhavarao, C. N., &
Namboodiri, A. M. (2007). N-Acetylaspartate in the
CNS: from neurodiagnostics to neurobiology. Prog
Neurobiol, 81(2), 89-131.

Mokhtari, M., Arfken, C., & Boutros, N. (2013). The
DEX/CRH test for major depression: a potentially
useful diagnostic test. Psychiatry Res, 208(2), 131-139.

Moylan, S., Maes, M., Wray, N. R., & Berk, M. (2013).
The neuroprogressive nature of major depressive
disorder: pathways to disease evolution and
resistance, and therapeutic implications. Mol
Psychiatry, 18(5), 595-606.

Mueller, T. I., Leon, A. C., Keller, M. B., Solomon, D. A.,
Endicott, J., Coryell, W., Warshaw, M., & Maser, J. D.
(1999). Recurrence after recovery from major
depressive disorder during 15 years of observational
follow-up. Am J Psychiatry, 156(7), 1000-1006.

Murphy, M. L, & Frodl, T. (2011). Meta-analysis of
diffusion tensor imaging studies shows altered
fractional anisotropy occurring in distinct brain areas
in association with depression. Biol Mood Anxiety
Disord, 1(1), 3.

Murray, C. J., & Lopez, A. D. (1997). Global mortality,
disability, and the contribution of risk factors: Global
Burden of Disease Study. Lancet, 349(9063), 1436-
1442.

Nery, F. G., Stanley, J. A., Chen, H. H., Hatch, J. P,
Nicoletti, M. A., Monkul, E. S., et al. (2009). Normal
metabolite levels in the left dorsolateral prefrontal
cortex of unmedicated major depressive disorder
patients: a single voxel (1)H spectroscopy study.
Psychiatry Res, 174(3), 177-183.

Nestler, E. J., Barrot, M., DiLeone, R. J., Eisch, A. J., Gold,
S. J., & Monteggia, L. M. (2002). Neurobiology of
depression. Neuron, 34(1), 13-25.

Niciu, M. J., Henter, I. D., Luckenbaugh, D. A., Zarate, C.
A., Jr.,, & Charney, D. S. (2014). Glutamate receptor
antagonists as fast-acting therapeutic alternatives for
the treatment of depression: ketamine and other
compounds. Annu Rev Pharmacol Toxicol, 54, 119-
139.

Okuda, A., Suzuki, T., Kishi, T., Yamanouchi, Y., Umeda,
K., Haitoh, H., Hashimoto, S., Ozaki, N., & Iwata, N.
(2010). Duration of untreated illness and
antidepressant fluvoxamine response in major
depressive disorder. Psychiatry Clin Neurosci, 64(3),
268-273.

Ongur, D., Pohlman, J., Dow, A. L., Eisch, A. J., Edwin, F.,
Heckers, S., Cohen, B. M., Patel, T. B., & Carlezon, W.
A., Jr. (2007). Electroconvulsive seizures stimulate glial
proliferation and reduce expression of Sprouty2
within the prefrontal cortex of rats. Biol Psychiatry,
62(5), 505-512.

Perris, H. (1984). Life events and depression. Part 2.
Results in diagnostic subgroups, and in relation to the
recurrence of depression. J Affect Disord, 7(1), 25-36.

Pfleiderer, B., Michael, N., Erfurth, A., Ohrmann, P.,
Hohmann, U., Wolgast, M., Fiebich, M., Arolt, V., &
Heindel, W. (2003). Effective electroconvulsive
therapy reverses glutamate/glutamine deficit in the

102

left anterior cingulum of unipolar depressed patients.
Psychiatry Res, 122(3), 185-192.

Pittenger, C., & Duman, R. S. (2008). Stress, depression,
and neuroplasticity: a convergence of mechanisms.
Neuropsychopharmacology, 33(1), 88-109.

Portella, M. J., de Diego-Adelino, J., Gomez-Anson, B.,
Morgan-Ferrando, R., Vives, Y., Puigdemont, D., et al.
(2011). Ventromedial prefrontal spectroscopic
abnormalities over the course of depression: a
comparison among first episode, remitted recurrent
and chronic patients. J Psychiatr Res, 45(4), 427-434.

Post, R., Rubinow, D., & Ballenger, J. (1984).
Conditioning, sensitization, and kindling: Implications
for the course of affective illness. Neurobiology of
mood disorders, 1, 432-466.

Post, R. M. (1992). Transduction of psychosocial stress
into the neurobiology of recurrent affective disorder.
Am J Psychiatry, 149(8), 999-1010.

Post, R. M. (2007). Kindling and sensitization as models
for affective episode recurrence, cyclicity, and
tolerance phenomena. Neurosci Biobehav Rev, 31(6),
858-873.

Post, R. M., Fleming, J.,, & Kapczinski, F. (2012).
Neurobiological correlates of illness progression in the
recurrent affective disorders. J Psychiatr Res, 46(5),
561-573.

Price, R. B., Nock, M. K., Charney, D. S., & Mathew, S. J.
(2009). Effects of intravenous ketamine on explicit
and implicit measures of suicidality in treatment-
resistant depression. Biol Psychiatry, 66(5), 522-526.

Provencher, S. W. (2001). Automatic quantitation of
localized in vivo 1H spectra with LCModel. NMR
Biomed, 14(4), 260-264.

Puigdemont, D., Perez-Egea, R., Portella, M. J., Molet, J.,
de Diego-Adelino, J., Gironell, A., et al. (2012). Deep
brain stimulation of the subcallosal cingulate gyrus:
further evidence in treatment-resistant major
depression. Int J Neuropsychopharmacol, 15(1), 121-
133.

Rajkowska, G., & Miguel-Hidalgo, J. J. (2007).
Gliogenesis and glial pathology in depression. CNS
Neurol Disord Drug Targets, 6(3), 219-233.

Regenold, W. T., Phatak, P., Marano, C. M., Gearhart, L.,
Viens, C. H., & Hisley, K. C. (2007). Myelin staining of
deep white matter in the dorsolateral prefrontal
cortex in schizophrenia, bipolar disorder, and unipolar
major depression. Psychiatry Res, 151(3), 179-188.

Reid, I. C., & Stewart, C. A. (2001). How antidepressants
work: new perspectives on the pathophysiology of
depressive disorder. Br J Psychiatry, 178, 299-303.

Rosenberg, D. R., Macmaster, F. P., Mirza, Y., Smith, J.
M., Easter, P. C., Banerjee, S. P., et al. (2005). Reduced
anterior cingulate glutamate in pediatric major
depression: a magnetic resonance spectroscopy
study. Biol Psychiatry, 58(9), 700-704.

Rothstein, J. D., Jin, L., Dykes-Hoberg, M., & Kuncl, R. W.
(1993). Chronic inhibition of glutamate uptake
produces a model of slow neurotoxicity. Proc Natl
Acad Sci U S A, 90(14), 6591-6595.




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

Ruhe, H. G., Mason, N. S., & Schene, A. H. (2007). Mood
is indirectly related to serotonin, norepinephrine and
dopamine levels in humans: a meta-analysis of
monoamine depletion studies. Mol Psychiatry, 12(4),
331-359.

Sackeim, H. A. (2001). The definition and meaning of
treatment-resistant depression. J Clin Psychiatry, 62
Suppl 16, 10-17.

Salvador-Carulla, L., Bendeck, M., Fernandez, A., Alberti,
C., Sabes-Figuera, R., Molina, C., & Knapp, M. (2011).
Costs of depression in Catalonia (Spain). J Affect
Disord, 132(1-2), 130-138.

Sanacora, G., Rothman, D. L., Mason, G., & Krystal, J. H.
(2003). Clinical studies implementing glutamate
neurotransmission in mood disorders. Ann N Y Acad
Sci, 1003, 292-308.

Schmahmann, J. D., & Pandya, D. N. (2006). Fiber
pathways of the brain. Oxford ; New York: Oxford
University Press.

Sexton, C. E., Mackay, C. E., & Ebmeier, K. P. (2009). A
systematic review of diffusion tensor imaging studies
in affective disorders. Biol Psychiatry, 66(9), 814-823.

Sheline, Y. |, Gado, M. H., & Kraemer, H. C. (2003).
Untreated depression and hippocampal volume loss.
Am J Psychiatry, 160(8), 1516-1518.

Smith, S. M., lJenkinson, M., Johansen-Berg, H.,
Rueckert, D., Nichols, T. E., Mackay, C. E., et al. (2006).
Tract-based spatial statistics: voxelwise analysis of
multi-subject diffusion data. Neuroimage, 31(4),
1487-1505.

Steingard, R. J., Yurgelun-Todd, D. A., Hennen, J,,
Moore, J. C., Moore, C. M., Vakili, K., et al. (2000).
Increased orbitofrontal cortex levels of choline in
depressed adolescents as detected by in vivo proton
magnetic resonance spectroscopy. Biol Psychiatry,
48(11), 1053-1061.

Stockmeier, C. A., Mahajan, G. J., Konick, L. C,
Overholser, J. C., Jurjus, G. J., Meltzer, H. Y., Uylings,
H. B., Friedman, L., & Rajkowska, G. (2004). Cellular
changes in the postmortem hippocampus in major
depression. Biol Psychiatry, 56(9), 640-650.

Sussmann, J. E., Lymer, G. K., McKirdy, J., Moorhead, T.
W., Munoz Maniega, S., Job, D., et al. (2009). White
matter abnormalities in bipolar disorder and
schizophrenia detected using diffusion tensor
magnetic resonance imaging. Bipolar Disord, 11(1),
11-18.

Taylor, M. J., Godlewska, B. R., Norbury, R., Selvaraj, S.,
Near, J., & Cowen, P. J. (2012). Early increase in
marker of neuronal integrity with antidepressant
treatment of major depression: 1H-magnetic
resonance spectroscopy of N-acetyl-aspartate. Int J
Neuropsychopharmacol, 15(10), 1541-1546.

Taylor, M. J., Norbury, R., Murphy, S., Rudebeck, S.,
Jezzard, P., & Cowen, P. J. (2010). Lack of effect of
citalopram on magnetic resonance spectroscopy
measures of glutamate and glutamine in frontal
cortex of healthy volunteers. J Psychopharmacol,
24(8), 1217-1221.

103

Tham, M. W., Woon, P. S., Sum, M. Y., Lee, T. S., & Sim,
K. (2011). White matter abnormalities in major
depression: evidence from post-mortem,
neuroimaging and genetic studies. J Affect Disord,
132(1-2), 26-36.

Thase, M. E., & Rush, A. J. (1997). When at first you
don't succeed: sequential strategies for
antidepressant nonresponders. J Clin Psychiatry, 58
Suppl 13, 23-29.

Trivedi, M. H., Hollander, E., Nutt, D., & Blier, P. (2008).
Clinical evidence and potential neurobiological
underpinnings of unresolved symptoms of depression.
J Clin Psychiatry, 69(2), 246-258.

Uranova, N. A., Vostrikov, V. M., Orlovskaya, D. D., &
Rachmanova, V. I. (2004). Oligodendroglial density in
the prefrontal cortex in schizophrenia and mood
disorders: a study from the Stanley Neuropathology
Consortium. Schizophr Res, 67(2-3), 269-275.

Versace, A., Almeida, J. R., Hassel, S., Walsh, N. D.,
Novelli, M., Klein, C. R., Kupfer, D. J., & Phillips, M. L.
(2008). Elevated left and reduced right orbitomedial
prefrontal fractional anisotropy in adults with bipolar
disorder revealed by tract-based spatial statistics.
Arch Gen Psychiatry, 65(9), 1041-1052.

Videbech, P., & Ravnkilde, B. (2004). Hippocampal
volume and depression: a meta-analysis of MRI
studies. Am J Psychiatry, 161(11), 1957-1966.

Vuorilehto, M. S., Melartin, T. K., & Isometsa, E. T.
(2009). Course and outcome of depressive disorders
in primary care: a prospective 18-month study.
Psychol Med, 39(10), 1697-1707.

Walter, M., Henning, A., Grimm, S., Schulte, R. F., Beck,
J., Dydak, U., et al. (2009). The relationship between
aberrant neuronal activation in the pregenual anterior
cingulate, altered glutamatergic metabolism, and
anhedonia in major depression. Arch Gen Psychiatry,
66(5), 478-486.

Wang, F., Jackowski, M., Kalmar, J. H., Chepenik, L. G.,
Tie, K., Qiu, M., et al. (2008). Abnormal anterior
cingulum integrity in bipolar disorder determined
through diffusion tensor imaging. Br J Psychiatry,
193(2), 126-129.

Wijtenburg, S. A., McGuire, S. A., Rowland, L. M.,
Sherman, P. M., Lancaster, J. L., Tate, D. F., et al.
(2012). Relationship between fractional anisotropy of
cerebral white matter and metabolite concentrations
measured  using  (1)H  magnetic  resonance
spectroscopy in healthy adults. Neuroimage, 66C,
161-168.

Woulsin, L. R., Vaillant, G. E., & Wells, V. E. (1999). A
systematic review of the mortality of depression.
Psychosom Med, 61(1), 6-17.

Yildiz-Yesiloglu, A., & Ankerst, D. P. (2006). Review of 1H
magnetic resonance spectroscopy findings in major
depressive disorder: a meta-analysis. Psychiatry Res,
147(1), 1-25.

Yoo, S. Y., Jang, J. H., Shin, Y. W., Kim, D. J., Park, H. J.,
Moon, W. J,, et al. (2007). White matter abnormalities
in drug-naive patients with obsessive-compulsive
disorder: a diffusion tensor study before and after




citalopram treatment. Acta Psychiatr Scand, 116(3),
211-219.

Yuksel, C., & Ongur, D. (2010). Magnetic resonance
spectroscopy studies of glutamate-related
abnormalities in mood disorders. Biol Psychiatry,
68(9), 785-794.

Zarate, C. A., Jr., Singh, J. B., Carlson, P. J., Brutsche, N.
E., Ameli, R., Luckenbaugh, D. A., Charney, D. S., &
Manji, H. K. (2006). A randomized trial of an N-
methyl-D-aspartate antagonist in treatment-resistant
major depression. Arch Gen Psychiatry, 63(8), 856-
864.

Zhou, Y., Qin, L. D., Chen, J., Qian, L. J., Tao, J., Fang, Y.
R., & Xu, J. R. (2011). Brain microstructural
abnormalities revealed by diffusion tensor images in
patients ~ with  treatment-resistant  depression
compared with major depressive disorder before
treatment. Eur J Radiol, 80(2), 450-454.

104

BIBLIOGRAFIA




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

105



ANEXO

106




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION

107



ANEXO

de Diego-Adelino, J., Portella, M. J., Puigdemont, D., Perez-Egea, R., Alvarez, E., & Perez, V.
(2010). A short duration of untreated illness (DUI) improves response outcomes in first-
depressive episodes. J Affect Disord, 120(1-3), 221-225.

108




MARCADORES DE RECURRENCIA Y RESISTENCIA AL TRATAMIENTO EN DEPRESION
i Journal of Affective Disorders 120 (2010) 221-225

Contents lists available at ScienceDirect

Journal of Affective Disorders

journal homepage: www.elsevier.com/locate/jad

Brief report

A short duration of untreated illness (DUI) improves response outcomes in
first-depressive episodes

Javier de Diego-Adelifo * Maria J. Portella, Dolors Puigdemont, Rosario Pérez-Egea,
Enric Alvarez, Victor Pérez

Department of Psychiatry, Hospital de la Santa Creu i Sant Pau, Universitat Autonoma de Barcelona (UAB), Barcelona, Centro de Investigacion Biomédica en Red de Salud
Mental, CIBERSAM, Spain

ARTICLE INFO ABSTRACT

Background: Few studies have addressed the implication of the duration of untreated illness
(DUI) on the clinical outcome of mood disorders. Although not focusing on DUI, previous
findings suggest that the longer it takes to start appropriate treatment, the worse will be the
evolution of depressive disorder. We sought to determine the effect of the duration of untreated
episode (DUE) on 1) rates of response to treatment, 2) time to attain a sustained response and
3) rates of remission of MDD, dealing specially with first-depressive episodes.

Methods: 141 patients with MDD were grouped into long DUE (>8 weeks) and short DUE (<8).
Statistical analyses were performed to determine differences in outcome variables. The same
analyses were repeated by splitting the sample between first-episode and recurrent depression.
Results: The percentage of patients who achieved a sustained response was significantly higher
in the group with a short DUE [OR = 2.6; 95% CI 1.3-5.1]. Survival analyses showed that patients
with a long DUE delayed longer time to attain a sustained response [39 vs. 20 days, p=0.012].
Once the sample was split, these results were even more pronounced in the subsample of first-
depressive episode patients.

Limitations: Given that the sample was originally recruited for two clinical trials, the follow-up
period of this study is only six weeks long.

Conclusions: Our results indicate that response to antidepressant treatments is faster when the
no-treatment interval is reduced. The earliest treatment of first-depressive episodes seems to
be crucial since a shorter duration of untreated illness implies better response outcomes.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction 2002). Recently, Altamura et al. (2007, 2008) performed two
studies based on different patients' samples with recurrent

In the last two decades, the duration of untreated illness depression and showed that a DUI longer than 12 months

(DUI) has been considered to have implications on the clinical
outcome and on the course of different psychiatric disorders,
mainly in schizophrenia and psychotic disorders (Barnes et al.,
2008; Melle et al., 2008; Marshall et al., 2005; Perkins et al.,
2005). However, only a few studies have focused on the possible
role of the DUI on the clinical outcome and course of mood
disorders (Altamura et al., 2007, 2008; Goldberg and Ernst,
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involved poorer outcomes. However, the most robust associa-
tion found by these authors was an earlier age of onset, which
could have acted as a confusing variable. Although not focusing
strictly on DUI, previous studies had reported that a longer no-
treatment interval in a given depressive episode entailed higher
risk of chronicity (Scott et al., 1992; Gormley et al., 1999) while
others failed to found such association (Furukawa et al., 2000).
Hence, it seems clear that the longer it takes to start appropriate
treatment, the worse will be the evolution of the disorder. In any
case, little is known about this effect on the early stages of the
illness, and in particular, on the first-depressive episode.
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Table 1
Clinical and demographic characteristics of the total sample (n=141) and both subgroups: first-depressive episodes (n =83) and recurrent depressive episodes
(n=58).
Total sample First-depressive episodes Recurrent depressive episodes
DUE<8 DUE>8 Stats p DUE<8 DUE>8 Stats p DUE<8 DUE>8 Stats p
(n=175) (n=66) (Fx?) (n=39) (n=44) (F/x) (n=36) (n=22) (F/x%)
Gender (% females) 74.7 66.7 1.1 0.30 71.8 65.9 0.3 056 778 68.2 0.7 0.42
Age 409 (12.2) 429 (11.6) 09 0.35 413 (11.8) 429 (115) 04 0.52 40.6 (12.8) 42.8(119) 04 0.53
Age at onset 372 (12.5) 406 (123) 25 0.11 412 (11.7) 429 (11.7) 05 049 329(121) 361 (126) 09 0.35
Recurrent 48 333 31 0.08 NA NA
depression (%)
No. of previous 0.8 (1.1) 05(08) 34 0.07 NA 1.7 (1.1) 15(0.7) 09 0.36
episodes
Baseline HDRS score 235(3.5) 231 (34) 0.5 049 231(33) 234(33) 007 08 23.8(3.7) 225(36) 17 0.19
Final HDRS score 72 (4.8) 10.2 (7.1) 7.6 0.007 75(49) 107 (74) 48 0.03 6.9 (4.8) 94 (6.8) 23 0.1
Treatment received (%)
SSRI 4+ Pindolol 533 47.0 0.6 0.45 66.7 50 2.4 013 389 59.1 0.02 0.88
SSRI + Placebo 46.7 53.0 333 50 61.1 40.9

This is a preliminary study of a project dealing with first-
depressive episodes, currently carried out in the Psychiatry
Department of Hospital de Santa Creu i Sant Pau, in which
first-onset MDD patients are followed-up. Using data of two
previous clinical trials we sought to determine the effect of
the duration of untreated episode on: 1) rates of response to
treatment 2) time to attain a sustained response and 3) rates
of remission in a sample of major depressive patients, with
special focus on those who presented their first episode.

2. Methods
2.1. Sample

Consecutive eligible patients 18 years or older referred by
General Practitioners of the Primary Care Centres or from the
Psychiatric Emergency Services (Catalonian Public Health
Service) were recruited for two randomised 6-week long
clinical trials of SSRIs (fluoxetine and citalopram) plus
placebo versus Pindolol, a 5-HT1, receptor antagonist
(Pérez et al., 1997; Portella et al. not published yet). All
these patients were screened by trained psychiatrists,
researchers of this study, at the Affective Disorders Unit of
the Hospital de Sant Pau (Barcelona, Spain). Those same
patients were subsequently used for the present study to
examine the influence of the duration of the index episode on
the time to attain a sustained response and on the response
rates.

The inclusion criterion was a diagnosis of unipolar major
depression on DSM-IV with moderate to severe symptoms
(score>18 on the Hamilton 17-items Depression rating scale—
HDRS). The sample was composed by first-depressive episode
and recurrent patients. The enrolled subjects had to be naive
(no previous antidepressant treatment) or antidepressant free
for at least six months and with no previous resistance to SSRI
treatment. Reasons for exclusion were: concomitant psychiatric
pathology (DSM-IV axes I, II clusters A or B); suicide risk
score >3 on the HDRS; participation in other drug trials within
the previous month; organic brain disease or history of
seizures; delusions or hallucinations (whether or not mood
congruent); history of drug abuse (including alcohol) in the

110

past three months; pregnancy or lactation; serious organic
illnesses (not chronic well controlled diseases) such as hypo or
hyperthyroidism, cardiac arrhythmias, asthma or diabetes
mellitus; myocardial infarction in the past 6 months; frequent
or severe allergic reactions; concomitant use of other
psychotropic drugs (benzodiazepines were allowed), p-
blockers or catecholamine-depleting agents; and current
structured psychotherapy. A total of 164 patients with
major depression diagnosis entered the study.

2.2. Variables of study

Demographic and clinical data were collected, which
included among others age, gender, personal and familiar
history of psychiatric disorders. Clinical variables relevant to the
study describing the depressive disorder were severity of
current episode, time of evolution, number of previous
episodes, age at onset, and medical history. Depression severity
was assessed with the HDRS. Response to treatment was
defined as a reduction of at least 50% from the HDRS baseline
score and Sustained Response was defined as a maintained
reduction of at least 50% from HDRS baseline score until the end
of the study or the patient's endpoint. Remission was defined as
a HDRS score of 8 or lower.

2.3. Procedure

Given that the fluoxetine trial implied a response to
placebo run-in period, all those patients who displayed such a
response were excluded for the main analyses of this study
(final sample n=141). For the purpose of the study, the
sample was divided into two groups: patients with a duration
of untreated index episode (DUE)>8 weeks (n=66) and
DUE<8 (n=175). The DUE was defined as the interval
between the onset of the index episode and the beginning
of antidepressant treatment (determined by the clinical trial).
The threshold value of 8 weeks for the DUE was established
after the calculation of the median for the whole sample.
Parametric and non-parametric tests were used to determine
which variables could exhibit differences between these two
groups. A survival analysis was carried out to determine
whether the groups differed in the number of days to attain a
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Fig. 1. Upper side represents the different rates of response outcomes considering the duration of untreated episode (DUE) in the whole sample (a), the first
episodes (b) and the recurrent episodes (c). Lower side displays survival curves comparing short and long DUE in the whole sample (d), the first episodes (e) and

the recurrent episodes (f). * p<0.05; ** p<0.01.

sustained response. Afterwards, these analyses were repeated
separately by segmenting the sample between first-episode
and recurrent MDD.

3. Results

The initial sample of 164 was comparable to the final
sample (n=141) used in the subsequent analyses (data not
shown). An intention-to-treat (ITT) analysis approach was
established in order to deal with missing data by means of last
observation carried forward (LOCF) method. The rate of
dropouts after the six-week study period was sufficiently
low (14.9%) so as not to interfere in the results. The
characteristics of the sample are displayed in Table 1. After the
division in terms of DUE, both groups did not differ in any demo-
graphic characteristic. Patients with a short DUE had been
a mean of 6.9 (SD=1.8) weeks untreated, and those with a
long DUE, a mean of 13.8 (SD =5.2) weeks. There were more
patients with recurrent depression among short DUE group,
although this did not reach significance. Treatment received
was comparable between short and long DUE groups.

Final HDRS scores were significantly different between short
and long DUE patients (see Table 1). As it can be observed in
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Fig. 1a, the percentage of patients who achieved a sustained
response was significantly higher in the short DUE group
(OR=2.6; 95% CI 1.3-5.1). Moreover, patients with a shorter
DUE exhibited higher rates of remission (OR=1.9; 95% CI 1.1-
3.9).

Based on the Kaplan-Meier Survival Analysis, a significant
difference in the number of days to respond to antidepressant
treatment was found (median 20 vs. 39 days; see Fig. 1d)
where DUE>8 delayed longer time to attain a sustained
response. The point estimate and 95% CI was 1.746 (1.136 to
2.778).

3.1. Effects of DUE in first-depressive episodes

Neither demographics nor baseline clinical variables
revealed differences between short and long DUE groups
(Table 1). Patients with a short DUE had lower final HDRS
scores than patients with a long DUE.

As it can be seen in Fig. 1b, patients with a short DUE were
significantly more likely to attain a sustained response
(OR=3.8; 95% CI 1.5-9.7). There was also a trend towards
higher remission rates in these patients (OR=2.3; 95% C1 0.9~
5.5).
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The survival analysis showed that patients with a short
DUE spent fewer days to reach a sustained response than
patients with longer DUE (21 vs 35 days, respectively; Fig. 1e).
The point estimate and 95% CI was 1.833 (1.06 to 3.426).

3.2. Effects of DUE in recurrent depressive episodes

Among patients with a recurrent episode, there were no
significant differences in demographic and clinical features
between both groups, short and long DUE (Table 1).
Regarding final HDRS scores, response outcomes and survival
curves, we failed to find any effects related to duration of
untreated episode in this subsample (Fig. 1c and f).

4. Discussion

Our results imply that a longer duration of no-treatment
interval in a given depressive episode implies lower rates of
sustained response, more time to attain treatment response
and lower likelihood to remit after 6 weeks of antidepressant
medication. These effects, except remission rates, emerge
particularly when considering first-depressive episodes
alone.

The period prior to treatment has already been deter-
mined to be a predictive factor of persistence of depressive
symptoms and even chronicity (Scott et al., 1992; Gormley
etal, 1999). It is worth noting that patients were followed-up
over a different period in these two previous studies: until
remission in the first, and up to 12 months in the second. The
present report was originally a clinical trial, so the patients
were followed for only 6 weeks (trial endpoint). Interestingly,
consequences of the delay in starting antidepressant medica-
tion in the early stages of the illness can already be observed
even within such a short period of treatment. However, the
short follow-up is clearly a limitation of this study, since the
possibility that with a longer period of follow-up the
differences between both groups might vanish cannot be
rejected. Given that the design of the clinical trial aimed to
test another hypothesis, more investigations should be
performed to ascertain whether these differences can be
observed in longer periods.

When we segment the sample, the effects of duration of
untreated episode appear only in patients with a first episode
of depression, as those patients who had a DUE lower than
8 weeks display almost four-fold likelihood to achieve a
sustained response. The delay in treatment prescription in the
first-depressive episode corresponds with the notion of
duration of untreated illness (DUI). Although DUI has been
mainly focused as a predictor of outcome in schizophrenia
(Barnes et al., 2008; Melle et al., 2008; Marshall et al., 2005;
Perkins et al., 2005; Marshall et al., 2005), Altamura et al.
(2007, 2008) have already published some works dealing
with major depressive disorder. They found that patients with
a longer DUI presented a higher number of recurrences and
more frequent comorbid axis I disorders (Altamura et al.,
2007). However, only longer duration of the illness and earlier
age at onset were replicated in the second study (Altamura
et al., 2008). This latter variable, which has been repeatedly
described as an independent factor for bad prognosis, could
account for their findings. Another weakness of these studies
is the crude estimation of the DUI and the posterior
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categorisation on the basis of a 12-month threshold after
several years of illness evolution. Given that the length of the
episode relied on the accuracy of patients' self-reports, the
measurement of the DUE was limited in those studies. In
contrast, our sample was interviewed at an early stage of the
episode, ensuring a more acceptable estimate of the measure.

It is unlikely that our results are influenced by other
factors since none of the relevant variables, including
treatment received, showed significant differences (see
Table 1). Nevertheless, Pindolol—a 5-HT1, receptor antago-
nist able to reduce response latency—might have acted as a
confusing factor, as patients receiving SSRI + Pindolol tended
to be overridden among those with a short DUE in the first-
depressive episode subgroup. In order to rule out such effect,
we repeated all the analyses for this subgroup considering
only the patients who had received SSRI + Placebo. Our main
findings were maintained in this case (data not shown).

Unexpectedly, our results were not confirmed in the
subsample of recurrent patients. The recruitment criteria for
the clinical trial excluded patients who had history of
previous failures to SSRI treatment, chronicity, and comor-
bidity in DSM-IV axes I and II. The selection of the sample,
which could have yielded a special good-prognosis subgroup,
may have missed the effects of DUE on response outcomes. In
any case, it seems reasonable that an early treatment might be
more beneficial in the first stages of the illness rather than
afterwards.

5. Summary

Our results indicate that response to antidepressant
treatments is boosted when the no-treatment interval is
reduced. The earliest treatment of first-depressive episodes
seems to be crucial since a shorter DUI implies better
response outcomes. Although the real extent to which hold-
up in starting treatment in depressive disorder onset has not
been proven in this study, DUI ought to be considered as a key
factor that might have long-term prognostic implications.
Further initiatives should be directed at emphasising the
importance of early recognition and treatment of depressive
disorder by clinicians.
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