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RESUMEN (en espafiol)

El suicidio constituye un problema de salud publica de primer orden. Cerca de 700.000
personas al afilo mueren por este motivo. A pesar de ser una muerte evitable, la mayoria
de las estrategias de prevencion del comportamiento suicida se basa en el despistaje de
numerosos factores de riesgo. Hasta la fecha, no existen marcadores especificos de la
conducta suicida per se. Sin embargo, datos recientes sugieren un posible papel del
sistema inmunoldgico en la fisiopatologia del comportamiento suicida.

El presente trabajo de investigacion evalla, mediante la combinacién de
aproximaciones clinicas y biologicas, la formulacion el riesgo de suicidio a través de
marcadores periféricos de inflamacion. El primer objetivo consiste en determinar la
utilidad de los indices periféricos de inflamacién, Indice Neutréfilo/Linfocito (INL),
Indice Plaqueta/Linfocito (IPL) e Indice Monocito/Linfocito (IML) en la prediccion del
comportamiento suicida en pacientes con diagnéstico de trastorno depresivo mayor
(TDM). El segundo objetivo consiste en determinar la existencia de posibles diferencias
en los parametros hematopoyéticos en TDM, con y sin antecedentes de tentativa suicida
(TS), en comparacion con personas sanas, asi como dilucidar si las diferencias

encontradas son mas acusadas en aquellos con dichos antecedentes, asi como determinar
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si existen diferencias en funcién del sexo o de la presencia de acontecimientos vitales
estresantes, distales o proximales. Finalmente, el tercer objetivo es revisar de modo
sistematico si los marcadores periféricos de inflamacion previamente mencionados,
INL, IPL e IML, son utiles para diferenciar pacientes con TDM con/sin historia de TS,
pacientes con DM y TSy controles sanos; y, pacientes con TDM e ideacién suicida (1S)
antes y después del tratamiento. El principal hallazgo es que los pacientes con TDM y
antecedentes de TS presentan un incremento en el INL en comparacion con sus iguales
sin dichos antecedentes. INL podria establecerse como marcador de riesgo de la
conducta suicida en pacientes con depresion mayor. Nuestro trabajo de investigacién es
el primero que establece un punto de corte éptimo para INL, situdndose en 1,30. En el
segundo trabajo de investigacion, los resultados sugieren que, en comparacién con los
participantes sanos, los pacientes con depresién mayor (con/sin TS), muestran
alteraciones en los parametros hematolégicos que confirman la presencia de inflamacién
y, por tanto, de estrés hematopoyético. Todos los cambios fueron mas pronunciados en
aquellos con antecedentes de TS, sexo femenino, y presencia de acontecimientos vitales
estresantes en la infancia. Finalmente, INL aparece en la literatura cientifica como un
marcador especifico de vulnerabilidad suicida en pacientes con depresion. Este hallazgo
solo se asocia a la historia de tentativa suicida previa, y no, a la ideacion. Respecto a
IPL e IML los resultados no parecen estar del todo claros. En conclusion, los procesos
inflamatorios y el estrés hematopoyético podrian tener un papel determinante en la
etiopatogenia de la depresidn y de la conducta suicida. INL podria establecerse como un
marcador de inflamacidn sistémica, coste-efectivo y facilmente accesible, capaz de

predecir y detectar el riesgo suicida en pacientes con depresién mayor.
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RESUMEN (en Inglés)

Suicide is a public health problem of the first order. About 700,000 people a year die for
this reason. Despite being a preventable death, most suicidal behavior prevention
strategies are based on screening for numerous risk factors. To date, there are no
specific markers of suicidal behavior per se. However, recent data suggest a possible
role of the immune system in the pathophysiology of suicidal behavior.

The present research work evaluates, through the combination of clinical and biological
approaches, the formulation of the risk of suicide through peripheral markers of
inflammation. The first objective is to determine the usefulness of peripheral
inflammation indices, Neutrophil/Lymphocyte Ratio (NLR), Platelet/Lymphocyte Ratio
(PLR), and Monocyte/Lymphocyte Ratio (MLR) in predicting suicidal behavior in
patients diagnosed with major depressive disorder (MDD). The second objective is to
determine the existence of possible differences in hematopoietic parameters in MDD,
with and without a history of suicide attempt (SA), compared to healthy people, as well
as to elucidate if the differences found are more pronounced in patients with a history of
SA, as well as to determine if the differences change depending on the sex or the
presence of stressful, distal or proximal life events. Finally, the third objective is to
systematically review whether the previously mentioned peripheral markers of
inflammation, NLR, PLR, and MLR, are useful to differentiate MDD patients
with/without a history of SA, patients with MDD and SA, and healthy controls; and,
patients with MDD and suicidal ideation (S1) before and after treatment. The main
finding is that patients with MDD and a history of ST have an increase in NLR
compared to their peers without such a history. NLR could be established as a risk
marker for suicidal behavior in patients with major depression. Our research work is the

first to establish an optimal cut-off point for NLR, standing at 1.30. In the second
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research paper, the results suggest that, compared to healthy participants, patients with
MDD (with/without SA) show alterations in hematological parameters that confirm the
presence of inflammation and, therefore, hematopoietic stress. All changes were more
pronounced in those with a history of SA, female sex, and the presence of stressful life
events in childhood. Finally, NLR appears in the scientific literature as a specific
marker of suicidal vulnerability in patients with depression. This finding is only
associated with a history of a previous suicide attempt, and not with ideation. Regarding
PLR and MLR, the results do not seem to be entirely clear. In conclusion, inflammatory
processes and hematopoietic stress could play a determining role in the etiopathogenesis
of depression and suicidal behavior. NLR could be established as a cost-effective and
easily accessible marker of systemic inflammation, capable of predicting and detecting

suicidal risk in patients with major depression.

SR. PRESIDENTE DE LA COMISION ACADEMICA DEL PROGRAMA DE DOCTORADO
EN
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“No hay méas que un problema filoséfico verdaderamente serio:
el suicidio. Juzgar que la vida vale o no vale la pena de que se la
viva es responder a la pregunta fundamental de la filosofia”

El mito de Sisifo (octubre, 1942)
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1. Introduccién

1.1. Magnitud e impacto de la conducta suicida

El suicidio constituye un problema de salud publica de primer orden. Los
ultimos datos de la Organizacion Mundial de la Salud (OMS) ponen de manifiesto que
cerca de 700.000 personas mueren al afio por suicidio, siendo la tercera causa de muerte
externa en el grupo etario de 15 a 44 afios (World Health Organization, 2021). En
nuestro pais, el suicidio se sitia como primera causa de muerte externa desde el afio
2008 tras haber superado el nimero de fallecimientos provocados por accidentes de
trafico (Saiz & Bobes, 2014). Los ultimos datos aportados por el Instituto Nacional de
Estadistica (INE) referentes al afio 2021, sefialan que, en nuestro pais, 4.003 personas
han fallecido por suicidio, lo que implica una media de 11 personas diarias (Instituto
Nacional de Estadistica, 2021).

No obstante, las cifras reales de suicidio podrian ser incluso més elevadas, ya
que existe una conocida tendencia a la subnotificacion y a la clasificacion errénea de
casos en la mayoria de los paises. En Esparia, se observan claras discrepancias entre los
datos aportados por el INE y los Institutos de Medicina Legal, pudiendo alcanzar un
infrarregistro alrededor de 450 suicidios anuales (Giner & Guija, 2014). Unicamente,
ochenta paises disponen de registro civil de buena calidad que se pueden utilizar
directamente para estimar tasas de suicidio (World Health Organization, 2021).

Sin embargo, las cifras expuestas solo representan la punta del iceberg. Se
estima que, por cada suicidio consumado, el nimero de tentativas suicidas (TS) es entre
10 y 20 veces superior (Espandian et al., 2020). A pesar de la gravedad del problema,

existe un gran desconocimiento e infranotificacion en el computo de las TS, lo que nos



impide conocer la magnitud real del mismo debido a la carencia de datos fiables y
contrastados (Bobes et al., 2011).

Dada la magnitud y gravedad del problema, el suicidio es uno de los problemas
de mayor impacto en la salud publica, y no anicamente en lo que concierne a la salud
mental, sino que sus consecuencias se extienden a nivel econdmico, social y cultural. En
los paises industrializados, el suicidio constituye una de las principales causas de muerte
prematura cuando se tienen presentes los afios de vida ajustados por discapacidad
(DALYs - Disability Adjusted Life Years, por sus siglas en inglés), representando a
escala mundial el 1,4% de la carga de morbilidad (Fonseca-Pedrero et al., 2020).

A pesar de ser una muerte evitable, slo 38 paises cuentan con una estrategia
nacional de prevencion del suicidio (World Health Organization, 2021). Y nuestro pais
no es uno de ellos, ya que, Espafia se encuentra muy por debajo de otros paises europeos
con desarrollo similar (Saiz & Bobes, 2014). Hasta la fecha, la mayoria de las
estrategias de prevencion del comportamiento suicida se basan en el despistaje de
numerosos factores de riesgo, bioldgicos y clinicos que, sin embargo, no ha demostrado
el suficiente poder predictivo (Chang et al., 2016; Franklin et al., 2017; Quinlivan et al.,
2016). Por otra parte, la investigacion centrada en la potenciacion de los factores
protectores es mas bien limitada. De modo que, la amplificacién de los factores
protectores, asi como la minimizacién de los factores de riesgo han de constituir las

intervenciones sobre dicha conducta (Sanchez-Teruel & Robles-Bello, 2014).



1.2.  Factores de riesgo asociados al comportamiento suicida

Los factores de riesgo (FR) asociados a la conducta suicida se dividen
clasicamente en dos grupos, los no modificables y los modificables. Los FR no
modificables son aquellos inherentes al sujeto que tienden a mantenerse estables en el
tiempo. Por el contrario, los FR modificables son aquellos que se asocian a factores

sociales, psicologicos y psicopatologicos que pueden alterarse clinicamente.

1.2.1. Factores de riesqo no modificables

Heredabilidad

La herencia de la conducta suicida es un hecho ampliamente estudiado. Se
estima que un 43% de la conducta suicida es explicada en base a la carga genética,
mientras que el 57% restante se debe a la influencia ambiental (Ayuso-Mateos et al.,
2012). Por tanto, la susceptibilidad hacia dicha conducta viene dada por un efecto
combinado de genes de efecto menor y diversos factores ambientales (Jimenez-Trevifio
et al., 2019).
Estudios previos han constatado que aquellas personas con antecedentes familiares de
comportamiento suicida presentan una mayor susceptibilidad a desarrollar dichos
comportamientos independientemente de la presencia de una enfermedad mental
(Carballo et al., 2009; Gonzalez-Castro et al., 2021). Es decir, la agresividad, la
impulsividad y otras variables de personalidad constituyen fenotipos clinicos tanto para

el suicidio consumado como para la TS (Cao et al., 2021).



Sexo

En términos generales, son los hombres quienes presentan una mayor tasa de
suicidio consumados (12:5), mientras que en las mujeres suele ser méas frecuente la
realizacion de TS (World Health Organization, 2021). Esta diferencia, es ain mas
pronunciada a medida que aumenta la edad (Koo et al., 2017). Los factores de riesgo en
comun entre hombres y mujeres, para conductas suicidas, suelen ser la presencia de un
trastorno mental y/o abuso de sustancias, asi como la exposicion a la violencia
interpersonal. No obstante, atendiendo a los motivos para realizar dicho acto, en los
hombres los principales motivos son las dificultades financieras, los problemas legales o
laborales, la desesperanza o el acceso a los medios; mientras que, para las mujeres lo
serian mas frecuentemente los conflictos interpersonales, presencia de sintomas
depresivos, el maltrato o la enfermedad de un ser querido (Burén et al., 2016; Miranda-

Mendizabal et al., 2019).

Edad

Atendiendo a la edad, los momentos de mayor riesgo suicida se sitGan en la
juventud y senectud (Beautrais et al., 2005). En la juventud (15-24 afios), las principales
razones para realizar una TS son los conflictos interpersonales, incluyendo la separacion
o divorcio de sus padres, la exposiciéon a violencia con sus iguales o la falta de un
ambiente seguro, la presencia de trastornos mentales y/o el abuso de sustancias
(Miranda-Mendizabal et al., 2019). En la edad media (45 a 64 afios), los principales
moviles para realizar una TS son las dificultades financieras, los problemas legales, en
el trabajo o los problemas con la pareja (Burdn et al., 2016; Koo et al., 2017).
Finalmente, en el grupo etario de 65 afios 0 més, los problemas de salud fisica, la

pérdida de alguien cercano, la presencia de deterioro cognitivo, la pérdida de



autonomia, la desconexion social (percepcién de carga) y el dolor, son los principales

factores de riesgo para realizar un TS (Burdn et al., 2016; Conejero et al., 2018).

Antecedentes de tentativa suicida

Madltiples estudios coinciden en sefialar la presencia de antecedentes de TS como
uno de los factores individuales con mayor capacidad predictiva de posteriores TS,
incluyendo el suicidio consumado (Ayuso-Mateos et al., 2012; Hawton et al., 2013;
World Health Organization, 2021). Se estima que la probabilidad de reintento aumenta
entre 20 y 30 veces dentro del primer afio (Hawton et al., 2015) y que, el 80% de los
suicidios consumados, se producen dentro del afio posterior al intento inicial (Bostwick
et al., 2016), siendo las primeras semanas tras el alta hospitalaria las que resultan de

especial vulnerabilidad (Larkin et al., 2014).

1.2.2. Factores de riesgo modificables

Presencia de trastornos mentales graves

Estudios epidemioldgicos apuntan a una estrecha relacion entre suicidio y
trastorno mental. Aproximadamente el 90% de las personas que mueren por suicidio
tienen al menos un diagnédstico de trastorno mental. Los trastornos mas frecuentemente
asociados son la depresion mayor (Ribeiro et al., 2018), el abuso de sustancias (Gobbi et
al.,, 2019), los trastornos psicoticos (Barbeito et al., 2021), los trastornos de la
personalidad (Mirkovic et al., 2021) y los trastornos de ansiedad (Allan et al., 2023) de
acuerdo con la autopsia psicologica (Guia de Préactica Clinica de Prevencion y

Tratamiento de la Conducta Suicida., 2020).



Presencia de acontecimientos vitales estresantes distales y proximales

Existe un importante cuerpo de investigacion que demuestra cémo las
experiencias adversas en la primera infancia tienen un significativo impacto en el
posterior desarrollo cerebral, asociandose con una mayor probabilidad no solo de ser
psicopatolégicamente mas vulnerable ante situaciones estresantes (desregulacion o
reactividad anormal), sino de padecer, con mas frecuencia, determinados trastornos
mentales, como la depresion (Serafini et al., 2015), con un curso més desfavorable de la
misma y una peor respuesta a los tratamientos convencionales (Martins-Monteverde et
al., 2019).

Las personas que han estado expuestas a experiencias adversas tempranas
presentan un mayor riesgo de comportamiento suicida en el futuro (Carballo et al.,
2009; Dal Santo et al., 2020; Nanni et al., 2012), siendo la edad de inicio del abuso, el
tiempo de duracion de este y el sexo, variables moderadoras en la letalidad de dicho
acto (Angst et al., 2014). Ademas, esta relacion se ve consolida con mas fuerza cuanto
mayor es el nimero de eventos traumaticos experimentados (Serafini et al., 2015). En
general, el abuso fisico, el abuso sexual y la negligencia en edades tempranas,
constituyen factores de riesgo para comportamiento suicidas futuros (Zatti et al., 2017),
y en particular, es el abuso emocional el mas perjudicial de todos ellos (de Araljo &
Lara, 2016).

Por otro lado, estar expuesto a situaciones estresantes incrementa el riesgo de
suicidio en los 6 meses siguientes (Diaz-Olivan et al., 2021). Pérdidas personales,
incluyendo ruptura o muerte, problemas financieros, legales o conflictos en las
relaciones interpersonales, presencia de un entorno familiar desestructurado o
victimizacién, pueden ser desencadenantes de un comportamiento suicida en quienes

presentan otros factores de riesgo (Beautrais et al., 2005; Liu et al., 2017).



Rasgos psicoldgicos: agresividad, impulsividad y desesperanza

Las personas con comportamiento suicida suelen tener rasgos de personalidad
especificos como son la agresividad, la impulsividad, la desesperanza, la rigidez
cognitiva y el perfeccionismo (Brezo et al., 2006; McGirr & Turecki, 2007). Los rasgos
de impulsividad forman parte de una cascada de factores que predisponen haca el riesgo
suicida (Anestis et al., 2014; Leiva-Murillo et al., 2013). Es decir, la presencia de
experiencias traumaticas en la infancia podria reducir el umbral de reactividad y las
respuestas adaptativas ante los estresores posteriores, generando en consecuencia, una
respuesta al estrés desregulada, que podrian influir en la impulsividad (Dal Santo et al.,
2020), en el comportamiento antisocial y violento (Serafini et al., 2015).

La presencia de dolor psiquico o desesperanza es uno de los factores de riesgo
principales (Ducasse et al., 2018), ya que la persona que lo padece espera que el suicidio
alivie el dolor emocional (Bryan et al., 2019), sugiriendo una solucién permanente a un
problema temporal. De acuerdo con estas investigaciones, las personas que han sentido
alivio al intentar quitarse la vida tienen una mayor probabilidad de realizar un segundo
intento, lo que sugiere un aprendizaje basado en la recompensa, ya que tienden a
priorizar una recompensa inmediata o corto placista que alivie el malestar, frente a una

recompensa de mayor valor, pero demorada en el tiempo (Da Matta et al., 2012).

Abuso de sustancias

Hasta un 40% de los pacientes que buscan tratamiento por dependencia a
sustancias informan de antecedentes de tentativa suicida (Onaemo et al., 2022,
Yuodelis-Flores & Ries, 2015). Se estima que, entre un 25% y 50% de los suicidios se

asocian con el trastorno por abuso de sustancias, siendo un 22% de los mismos,



atribuibles al trastorno por consumo de alcohol. Es decir, uno de cada cinco suicidios
podria haberse evitado si no se hubiera consumido alcohol (Onaemo et al., 2022),
constituyendo no solo un factor de riesgo sino tratdndose también de un factor
precipitante hacia dicho comportamiento (Beautrais et al., 2005), ya que, entre otros, la
seriedad del intento se asocia con el consumo de alcohol dentro de las 3 horas anteriores
al acto suicida (Odds Ratio > 6) (Powell et al., 2001).

Por otro lado, un consumo frecuente de cannabis podria ser un predictor
independiente de futuro riesgo de ideacion suicida, asi como de sintomas depresivos y
anhedonia, incrementando la probabilidad de conducta suicida en el futuro (Gobbi et al.,
2019). Ademas, esta relacion se ve potenciada en el sexo masculino (Shalit et al., 2016),
y en quienes comienzan el abuso a una edad temprana, quienes generan un peor
prondstico, ya que podrian contribuir a otros efectos negativos en el desarrollo cerebral
(Borges et al., 2017).

Finalmente, estudios transversales revelan que el uso de otras sustancias como la
cocaina, las anfetaminas y los opioides también aumentan el riesgo de suicidio, pero en
menor medida, que las mencionadas con anterioridad (Borges et al., 2017; Schneider,

2009).

1.3.  Laneuroinflamacién en el comportamiento suicida

La neuroinflamacion es un mecanismo esencial en las enfermedades cronicas
(Brundin et al., 2017), que se ha puesto de relieve en enfermedades sistémicas como el
cancer (Zhang et al., 2017) o en las enfermedades cardiovasculares (Misumida et al.,
2015). Sin embargo, en los ultimos afos se ha asociado con diferentes trastornos
psiquiatricos, en donde la inflamacion sistémica podria dar lugar a un incremento de la

respuesta inmune en el sistema nervioso central (SNC) contribuyendo a la patogenesis
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de diferentes enfermedades (Canon & Crimmins, 2011) neuroldgicas, como el
Alzheimer o el Parkinson (Wang et al., 2015; Wirth et al., 2013) o psiquiatricas, como
la esquizofrenia (Potvin et al., 2008), el trastorno bipolar (Modabbernia et al., 2013) y la
depresion (Dowlati et al., 2010; Valkanova et al., 2013).

La desregulacion inmunitaria, consecuencia de la falta de homeostasis entre el
sistema nervioso central y periférico, se ha propuesto como posible via subyacente a la
fisiopatologia de la depresion (Pandey et al., 2018) y del comportamiento suicida
(Courtet et al., 2015). Ademas, investigaciones previas han concluido que: i) existe un
mayor riesgo suicida en enfermedades inflamatorias e infecciosas, como son la alergia,
el asmay la toxoplasmosis (Postolache et al., 2008; Zhang et al., 2012); ii) existe una
asociacion entre TS, inflamacién y mayor riesgo de morbilidad y mortalidad por causas
naturales (cardiometabolicas) (Bergen et al., 2012); y iii) existe un mayor riesgo de
suicidio en los pacientes tratados con citoquinas proinflamatorias (Fragoso et al., 2010).

Es por ello que, en los ultimos afios, los estudios de investigacion se dirigen a la
busqueda de biomarcadores validos, reproductibles, de bajo coste y facilmente
adaptables al entorno clinico, utiles en la prevencion del comportamiento suicida. Hasta
la fecha, en pacientes con trastorno depresivo mayor (TDM) y comportamiento suicida
se han descrito cambios inflamatorios especificos en la periferia, en el liquido
cefalorraquideo (LCR) y en el SNC (Serafini et al., 2020), mostrando cantidades
anormalmente elevadas de granulocitos y monocitos, incremento en la Proteina C
Reactiva (PCR), quimiocinas, anomalias en las células T y presencia de citocinas
inflamatorias (Courtet et al., 2015; Del Giudice & Gangestad, 2018).

En particular, el Indice Neutrofilo-Linfocito (INL) emerge como posible
marcador de inflamacidn periférica de comportamiento suicida en pacientes con TDM.

Investigaciones previas describen que, aquellos quienes presentan TDM y antecedentes
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de TS tienen cantidades anormalmente elevadas frente a quienes no presentan dichos
antecedentes y sus controles sanos (Ekinci & Ekinci, 2017; Ivkovi¢ et al., 2016; Velasco
et al., 2020). El Indice Plaqueta-Linfocito (IPL) se ha descrito como un marcador de
gravedad de la depresion (Kayhan et al., 2017; Sunbul et al., 2016). Y el Indice
Monocito/Linfocito (IML) fue significativamente mayor en jovenes con antecedentes de
TS (Ucuz & Kayhan, 2020) y conducta autolesiva (Zheng et al., 2022) frente a sus
controles sanos. Finalmente, el Volumen Plaquetar Medio (VPM) también se ha
asociado con la gravedad de la TS (Orum et al., 2018).

Mas alla del estado inflamatorio previamente descrito en otras investigaciones,
la combinacion de factores bioldgicos y clinicos podrian subyacer a las alteraciones: i)
neuroendocrinas (a traves del eje hipotalamo-hipofisiario-adrenal-HPA); ii)
neuroquimicas (serotoninérgicas, noradrenérgicas e inmunoldgicas); y iii) clinicas
(pesimismo, desesperanza, impulsividad, agresividad), confiriendo vulnerabilidad haca
dicha conducta (Mann et al., 1999). Por lo que, investigaciones recientes sefialan que la
presencia de estrés constante podria desencadenar la liberacion y circulacién en plasma
de interleucinas proinflamatorias (Gonzalez-Castro et al., 2021). De este modo, el
balance de produccion normal de todas las células de la sangre y del sistema inmune
(residentes de tejido) se ve alterado, debido a que, dicha produccidn varia segun la
demanda fisioldgica subyacente (Martinez-Botia et al., 2020), lo que se conoce como
estrés hematopoyético.

Recientemente se ha propuesto un modelo comprehensivo (Courtet et al., 2016)
que trata de aunar todos estos hallazgos, con el fin de entender la fisiopatologia de la
conducta suicida a través de la influencia del sistema inmunitario, partiendo de la
conceptualizacién de la conducta suicida como la resultante de la vulnerabilidad suicida

y del estrés.
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Segun este modelo, la presencia de antecedentes de maltrato en la infancia, las
alteraciones en el suefio y las infecciones (por ejemplo, por Toxoplasma Gondii)
podrian conferir vulnerabilidad suicida ya que inducen un estado inflamatorio crénico
de bajo grado. En consecuencia, a esta inflamacion, el eje Hipotalamo-Hipd&fisis-
Adrenal (HPA) sufriria una desregulacion que desencadenaria un aumento en los
niveles de cortisol. A su vez, se activa microglia (neuroinflamacion), asi como, la
enzima indolamina 2,3-dioxigenasa (IDO). Dicha enzima, actla sobre la via
quinurenina-triptofano relacionada con el comportamiento suicida, y aumenta la
produccidn de &cido quinolinico (neurotdxico), disminuyendo la de acido quinurénico
(neuroprotector), generando un incremento, en consecuencia, de la estimulacion de
receptores glutamatérgicos N-metil-D-aspartato (NMDA). Por otro lado, la
sobreactivacion de triptéfano para la quinurenina, implica la reduccién en la produccion
de serotonina, neurotransmisor relacionado con dimensiones de la personalidad
asociadas al comportamiento suicida, tales como la agresividad, la impulsividad o la
desesperanza. Finalmente, la presencia de otros estresores, como pueden ser la presencia
de trastornos mentales o eventos vitales adversos, pueden actuar sobre la vulnerabilidad
suicida para inducir conducta suicida, a través de una respuesta inflamatoria (véase

figura 1).
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Figura 1. Inflamacion y patofisiologia del comportamiento suicida. Tomado de
Courtet et al. (2016). En rojo se sefialan las rutas que estan hiperactivas y en azul, las

hipoactivas.
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1.4. Justificacion del estudio

Hasta la fecha, no existen marcadores especificos de la conducta suicida per se.
La propia complejidad del comportamiento suicida, la falta de una definicion uniforme,
el uso de herramientas heterogéneas para su evaluacion, la disparidad de resultados o la
falta de replicabilidad de los estudios realizados hasta el momento actual dificultan la
busqueda de marcadores potencialmente Gtiles en la deteccion del riesgo suicida.

Esta falta de progreso pone de relieve la necesidad de nuevas estrategias de
investigacion. Una rapida deteccion y evaluacion del riesgo de suicidio ha de ser el
objetivo diana que podria contribuir a una mejor prevencion de la conducta suicida en
los servicios de urgencia y en la practica clinica habitual. Por tanto, el presente Trabajo
de Investigacion tiene como objetivo la formulacion del riesgo de suicidio en pacientes
con depresion a través del uso de los marcadores periféricos inflamatorios accesibles y

coste-efectivos.
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Hipotesis y objetivos
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2. Hipdtesis y objetivos

2.1 Hipotesis

1. La neuroinflamacion podria tener un papel determinante en la

etiopatogenia de la depresidn y de la conducta suicida.

2. La formulacion del riesgo de suicidio a traves de los marcadores
periféricos de inflamacion permitiria establecer patrones diferenciales que
podrian contribuir a una mejor deteccion y prevencion de la conducta suicida en

pacientes con depresion.
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2.2 Objetivos

1. Determinar la utilidad de determinados marcadores periféricos de
inflamacion Indice Neutrofilo/Linfocito (INL), Indice Plaqueta/Linfocito (IPL), e
Indice Monocito/Linfocito (IML) en la prediccion del comportamiento suicida en

pacientes con diagndstico de depresion mayor.

2. Determinar la existencia de posibles diferencias en los parametros
hematopoyéticos de pacientes con depresion mayor, con y sin antecedentes de
tentativa suicida, en comparacién con personas sanas.
Obijetivos secundarios
a) Analizar la posible existencia de estrés hematopoyético
asociado a los antecedentes de tentativa suicida en pacientes
con depresion mayor.
b) Establecer si existen diferencias en la respuesta de estrés
hematopoyético en funcion del sexo.
c) Examinar la relacion entre la exposicion a acontecimientos
vitales estresantes proximales y distales y el estrés

hematopoyético.

3. Revisar de modo sistematico si los marcadores periféricos de inflamacion
previamente mencionados, Indice Neutrofilo/Linfocito, Indice Plaqueta/Linfocito,
e Indice Monocito/Linfocito, son Utiles para diferenciar: i) pacientes con

depresion mayor con / sin historia de TS; ii) pacientes con depresion mayor con
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historia de TS versus controles sanos; v, iii) pacientes con depresion mayor con

ideacion suicida antes y después de su tratamiento.
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Material y metodo
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3. Material y método

La presente Tesis Doctoral se presenta en formato por compendio de
publicaciones pertenecientes a un subproyecto multicéntrico financiado por el
Ministerio de Sanidad, Servicio Sociales e Igualdad a través del Instituto de Salud
Carlos 111 (Ref. P114/02029 y Ref. P117/01433; Investigador Principal: Pilar A. Saiz),
con el titulo de “Funcionamiento neuropsicologico y perfil inflamatorio en el
comportamiento suicida” y “Deteccion de riesgo de comportamiento suicida mediante la

combinacion de aproximaciones gendémicas y clinicas”, respectivamente.

3.1. Aspectos éticos

Los investigadores del presente estudio se comprometieron a respetar la
legislacidn vigente en materia de investigacion clinica establecida en la Declaracion de
Helsinki (World Medical Association, 2013), en el Convenio del Consejo de Europa
sobre derechos humanos y biomedicina, en la Declaracion Universal de la UNESCO, asi
como los requisitos establecidos en la legislacion espafiola sobre investigacién
biomédica, proteccion de datos de caracter personal y bioética, con la Ley 14/2007, de
julio, de investigacion biomédica y los demas requisitos establecidos por la legislacion
espafola al respecto, modificada en la Ley Organica 3/2018 de proteccion de datos
personales y garantia de los derechos digitales.

Este trabajo de investigacion ha obtenido la aprobacion por parte del Comité de
Etica e Investigacion Clinica del Hospital Universitario Central de Asturias (HUCA)
(Ref. 61/14). Tras explicar los objetivos del estudio, los procedimientos que se
realizarian, y las condiciones de la participacion, se obtuvo el consentimiento informado

para la participacion en el estudio de todos los participantes (véase Anexo I).
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Dada la inocuidad de las pruebas a realizar (evaluaciones clinicas y extraccion
sanguinea) y la no interferencia en el tratamiento pautado de antemano en el paciente, se

considera un estudio de minimo riesgo.
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4. Publicaciones

La presente Tesis Doctoral se presenta en formato por compendio de
publicaciones. Los objetivos e hipotesis planteados se desarrollan detalladamente en los
articulos que se incluyen a continuacion. Sefalar que, todos ellos, han sido publicados
en revistas indexadas internacionalmente con Factor de Impacto (FI), en la Journal
Citation Reports (JCR), dos de ellos situados en Q1.

En el primer articulo, Neutrophil-to-lymphocyte ratio: A potential new
peripheral biomarker of suicidal behavior (Velasco et al., 2020) se determina la utilidad
de los marcadores periféricos de inflamacion INL, IPL e IML en la predicciéon del
comportamiento suicida en pacientes con TDM bajo las siguientes condiciones: i) TS
reciente (en la ultima semana); ii) antecedentes de TS a lo largo de la vida; y iii) sin
antecedentes de TS.

En el segundo articulo, Sex-dependent grades of haematopoietic modulation in
patients with major depressive episodes are associated with suicide attempts (Martinez-
Botia et al., 2020), se determina la existencia de posibles diferencias en los parametros
hematopoyéticos en pacientes con TDM (con/sin historia de TS) y controles sanos.

Finalmente, en el tercer articulo, Neutrophil-to-lymphocyte ratio, platelet-to-
lymphocyte ratio, and monocyte-to-lymphocyte ratio in depressed patients with suicidal
behavior: A systematic review (Velasco et al., 2023), se revisa de modo sistematico si
los marcadores periféricos de inflamacion INL, IPL e IML son Utiles para diferenciar: i)
pacientes con TDM con/sin historia de TS; ii) pacientes con TDM e historia de TS
versus controles sanos; Yy, iii) pacientes con TDM e IS antes y después de su
tratamiento.

En el apartado de aportaciones cientificas, se incluyen otros articulos cientificos

relacionados con la tematica de la Tesis Doctoral, ponencias y comunicaciones
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cientificas en congresos internacionales y nacionales, colaboraciones en capitulos de

libro y dos co-tutorizaciones en trabajos fin de grado.
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Articulo 1

Referencia: Velasco A, Rodriguez-Revuelta J, Olié E, Abad |, Fernandez-Peldez A,
Cazals A, et al. Neutrophil-to-lymphocyte ratio: A potential new peripheral biomarker of

suicidal behavior. Eur Psychiatry. 2020;63(1). DOI: 10.1192/j.eurpsy.2019.20

Resumen: Neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio
(MLR), and platelet-to-lymphocyte ratio (PLR) have emerged as important peripheral
inflammatory biomarkers. Recent data suggest a possible role of the immune system in
the pathophysiology of suicidal behavior (SB). The aim of this study is to evaluate the
association among NLR, MLR, and PLR and SB in patients with major depressive
disorder (MDD), and to test its validity as a biomarker for suicidality. Methods. We
evaluated 538 patients with MDD (mean age [standard deviation] = 43.87 [14.36]
years; females: 68.8%). A logistic regression model was estimated to determine the
independent factors associated with suicide risk in patients with and without a history
of suicide attempt (SA). Results. Three hundred ninety-three patients (74.7%) had a
personal history of SA. Patients with a previous SA were more frequently female
(71.9% vs. 59.6%; p = 0.007), significantly younger (41.20 vs. 51.77 years; p < 0.001),
had lower depression severity at enrolment (15.58 vs. 18.42; p < 0.000), and
significantly higher mean NLR and PLR ratios (2.27 vs. 1.68, p = 0.001; 127.90 vs.
109.97, p = 0.007, respectively). In the final logistic regression model, after
controlling for age, sex, and depression severity, NLR was significantly associated
with SB (B = 0.489, p = 0.000; odds ratio [95% confidence intervals] = 1.631 [1.266—
2.102]). We propose a cut-off value of NLR=1.30 (sensitivity = 75% and specificity =
35%). Conclusions. Our data suggest that NLR may be a valuable, reproducible, easily

accessible, and cost-effective strategy to determine suicide risk in MDD.

Factor de impacto JCR 2020: 5.361
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Abstract

Background. Neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR),
and platelet-to-lymphocyte ratio (PLR) have emerged as important peripheral inflammatory
biomarkers. Recent datasuggesta possible role of the immune system in the pathophysiology of
suicidal behavior (SB). TheaimofthisstudyistoevaluatetheassociationamongNLR,MLR,and
PLR and SB in patients with major depressive disorder (MDD), and to test its validity as a
biomarker for suicidality.

Methods. We evaluated 538 patients with MDD (mean age [standard deviation] = 43.87 [14.36]
years; females: 68.8%). A logistic regression model was estimated to determine the independent
factors associated with suicide risk in patients with and without a history of suicide attempt (SA).
Results. Three hundred ninety-three patients (74.7%) had a personal history of SA. Patients with
a previous SA were more frequently female (71.9% vs. 59.6%; p =0.007), significantly younger
(41.20 vs. 51.77 years; p < 0.001), had lower depression severity at enrolment (15.58 vs. 18.42;
p < 0.000), and significantly higher mean NLR and PLR ratios (2.27 vs. 1.68, p = 0.001; 127.90
vs. 109.97, p=0.007, respectively). In the final logistic regression model, after controlling for age,
sex, and depression severity, NLR was significantly associated with SB (8 = 0.489, p=0.000; odds
ratio [95% confidence intervals] = 1.631 [1.266-2.102]). We propose a cut-off value of NLR =
1.30 (sensitivity = 75% and specificity = 35%).

Conclusions. Our data suggest that NLR may be a valuable, reproducible, easily accessible, and
cost-effective strategy to determine suicide risk in MDD.

Introduction

Suicide is a pressing public health problem. On an average, 1 million people commit suicide each
year worldwide, and suicide is the second leading cause of death in the 15-29-year age group.
However, this rate may be even higher since, for each suicide death, it is estimated that there are at
least 20 suicide attempts (SAs) [1].

Clinical factors (especially depression and alcoholism), previous SAs, and stressful life events
are generally assumed to be the best predictors of suicidal behavior (SB) [2]. Thus, clinical scales
are a central component of routine clinical assessment, despite limited evidence of their
effectiveness for predicting suicide risk [3]. The short-term variability of suicide ideation may
be related to this failure, and some authors have suggested the need for real-time evaluation of
interpersonal and psychological variables [4].

A wide range of possible biological risk factors for future SB have also been proposed.
However, we are still far from having good biomarkers for SB [5], and prediction of future
suicidality is currently a long-range goal. This lack of progress highlights the need for new
research strategies.

Neuroinflammatory processes are an essential pathophysiologic mechanism of chronic
diseases including severe mental disorders [6,7]. There is now evidence that major depressive
disorder (MDD) is characterized by activation of the immune-inflammatory response system, as
indicated by increased levels of pro-inflammatory cytokines including interleukin (IL)-6 and
IL-10[8]. A comprehensive model focusing on immune system influence on the pathophysiology
of SB has been proposed [9]. In this model, childhood abuse, sleep disturbance, infections, and
other stressors induce a chronic inflammatory state, causing dysregulation of the hypothalamic
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pituitary—adrenal axis. The subsequent cortisol and
indolamine  2,3-dioxygenase activation affects serotonin
metabolism and increases N-methyl-p-aspartate (NMDA)
agonist levels [10]. Thus, inflammatory markers could
potentially be used to predict and monitor suicide risk in
patients with mental disorder [11,12].

In recent years, neutrophil-to-lymphocyte ratio (NLR),
monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte
ratio (PLR) have been found to be attractive, convenient, and cost-
effective blood indicators of inflammatory status. These ratios have
been used as inflammation/immune-based prognostic scores in
different systemic diseases such as cancer, coronary heart disease,
and pancreatitis [13].

Recently, a few studies have found NLR and PLR to be elevated
in MDD [14,15] as well as bipolar disorder [16]. Furthermore,
meta-analytic evidence has also shown increased NLR in patients
with MDD as compared with healthy controls [17]. Two recent
studies even suggest that NLR may be a marker for suicide vulner-
ability in patients with bipolar disorder or MDD [18,19]. NLR was
substantially higher in suicidal depressed patients compared with
nonsuicidal depressed patients and healthy controls. One logistic
regression model included NLR and previous attempts as predictive
variables for suicide status [19].

Our objectiveistoinvestigate theassociationamong NLR, MLR,
and PLR and history of SAs in patients with MDD, controlling for
different potential confounding variables, in order to help deter-
mine the possible role of these ratios in predicting SB.

Methods
Participants

A sample of 538 Caucasian patients aged >18 years was recruited in
the Mental Health Services of Oviedo (Asturias, Spain; n=148) and
in the Department of Emergency Psychiatry and Post-Acute Care at
the University Hospital of Montpellier (France; n = 390) from
September 2015 to June 2017.

All patients had a diagnosis of MDD according to Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
criteria. SA was also defined as a “self-initiated sequence of behav-
iors by an individual who, at the time of initiation, expected that the
set of actions would lead to his or her own death” [20]. All patients
were undergoing pharmacological antidepressant treatment at the
time of the study. The exclusion criteria were comorbid psychiatric
diagnoses, acute infections, active or chronic inflammatory, or
autoimmune diseases, smoking =20 cigarettes/day, obesity (BMI
> 30 kg/m?), current treatment with anti-inflammatory or immu-
nosuppressive medications, acute coronary syndromes, history of
chronic renal, hepatic, or cerebrovascular disease, and significant
abnormalities in laboratory test results (anemia, leukocytosis, leu-
kopenia, or thrombocytosis).

Written informed consent was obtained from all patients
included in the study. The study was conducted in compliance with
applicable legislation in each country and the provisions of the
World Medical Association Declaration of Helsinki, and it received
institutional approval [21].

Assessments

All participants were assessed by well-trained interviewers using an
“ad hoc” protocol for sociodemographic and clinical data (sex, age,
pharmacological antidepressant treatment [yes/no], number of SA,
and age at first attempt), as well as the Hamilton Depression Rating
Scale (HDRS). Hamilton total score was evaluated as follows: 8-16:
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mild depression; 17-23: moderate depression; and >24: severe
depression [22].

All the researchers involved in the clinical assessments at both
sites received training in order to achieve the same standards.

For the exploratory analysis, patients with a previous SA were
divided into two different groups: those with a very recent SA (<7
days) and those with a less recent lifetime history of SA.

Fasting peripheral blood samples were collected from the
cephalic vein between 8:00 and 9:00a.m. in EDTA tubes. Complete
blood counts were performed using a Sysmex XN-10/XN-20
Hematology Analyzer (Norderstedt, Germany). Complete blood
counts included total white blood cells, neutrophils, lymphocytes,
monocytes, and platelets. NLR, MLR, and PLR were calculated.

Statistical analyses

The data were analyzed using SPSS 15.0 (SPSS, Inc., Chicago, IL).
Data are presented as mean (standard deviation [SD]) for numeric
variables and as frequencies and percentages for categorical vari-
ables.

A Kolmogorov-Smirnov normality test was used to determine if
variables were normally distributed. A chi-square (x?) test was used
to compare categorical variables and frequencies. Continuous vari-
ables were expressed as mean (SD). Normally and abnormally
distributed variables were analyzed. A Student’s ¢-test and one-
way analysis of variance with post hoc Duncan test was used to
compare normally distributed variables between two and three
groups, respectively. However, a Mann-Whitney U test or Krus-
kal-Wallis test was performed to analyze any abnormally distrib-
uted variables. Bivariate correlations were performed to determine
differences according to previous SA based on sociodemographic
and clinical data. A logistic regression model (forward stepwise
selection) was estimated to determine the independent factors
associated with suicide risk in patients with and without a history
of SA. A multinomial logistic regression model (main effects
model) was used to determine factors linked to suicidality in
patients with MDD (“never attempted” was used as the category
of reference). A receiver operating characteristic (ROC) curve
analysis was performed to determine the cut-off level for bio-
markers to detect the SA. The level of statistical significance was
set at a=0.05 (two-sided).

Results

The final sample included 538 patients with a DSM-5 MDD diag-
nosis (mean age [SD]=43.87 [14.36] years; females: 370 [68.8%]).
All patients included in the study were experiencing an active
episode of depression with a score of 7 or more on the HDRS scale.
Severity of depression was moderate/severe in 44.8% of patients
according to the HDRS score. An average NLR ratio (SD) of 2.12
(1.98) was observed in the total sample, whereas the mean MLR and
PLR ratios (SD) were 0.27 (0.14) and 123.37 (55.68), respectively
(Table 1).

There were 402 patients (74.7%) with a personal history of SA
(meanage [SD]=41.20[13.78] years; females: 289 [71.9%]). Mean
age (SD) at first SA was 32.62 (14.20) years and mean number
(SD) of SAwas2.62 (3.13). Patientswith no history of SAwere more
frequently males (40.4% vs. 28.6 and 27.9%; X2 [df] =7.214 [2],p=
0.027), weresignificantly older (51.77[13.10] vs. 39.99 [14.64] and
41.75 [13.37] years; F=31.397, p<0.001), had higher depression
severity (HDRSscore: 18.42[5.21]vs.14.33[4.07]and 16.15[5.14];
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Table 1. Sociodemographic and clinical characteristics of the study group

Recent SA
Total sample (<7 days) Lifetime SA (=8 days)  No history of SA JC/ANOVA /Student’s
n =538 n=126 n=276 n=136 t-test’/Kruskal-Wallis test® p
Sociodemographic data

Sex (n [%)]

Males 168 (31.2%) 36 (28.6%) 77 (27.9%) 55 (40.4%) 7.214 0.027

Females 370 (68.8%) 90 (71.4%) 199 (72.1%) 81 (59.6%)
Age (mean [SD]) 4387 (14.36)  39.99 (14.64)1 41.75 (13.37)2 51.77 (13.10)1:2 31.3972 0.000

Clinical characteristics

Severity of depression (mean [SD])  16.30 (5.13)  14.33 (4.07)12 16.15 (5.14)13 18.42 (5.21)23 22.803¢ 0.000

HDRS 8-16 (mild) (n [%]) 297 (55.2%) 96 (76.2%) 154 (55.8%) 47 (34.6%) 52.996 0.000

HDRS 17-23 (moderate) (n [%]) 188 (34.9%) 26 (20.6%) 100 (36.2%) 62 (45.6%)

HDRS >24 (severe) (n [%]) 53 (9.9%) 4 (3.2%) 22 (8.0%) 27 (19.9%)
Number of SA (mean [SD]) - 2.79 (3.89) 253 (2.72) - 0.769" 0.443
Age of first SA (mean [SD]) = 32.33(14.93) 32.75 (13.87) = —0273° 0.785
NLR (mean [SD]) 2.12(1.98) 2.37 (2.36)! 2.22 (2.17)2 1.68 (0.80)!2 10.630° 0.005
MLR (mean [SD]) 0.27 (0.14) 0.28 (0.16) 0.27 (0.15) 0.25 (0.10) 1.114¢ 0.573
PLR (mean [SD]) 123.37 (55.68) 128.20 (61.65) 127.76 (58.91)! 109.97 (38.75)" 7.487¢ 0.024
Leukocytes (mean [SD]) 7.15 (4.05) 7.12 (2.65) 7.24 (5.17) 6.97 (2.03) 0.061° 0.970
Neutrophils (mean [SD]) 4.01(2.14) 422 (2.79) 4.05 (2.10) 3.75(1.39) 1.024¢ 0.599
Monocytes (mean [SD]) 053 (0.19) 0.52 (0.20) 0.51 (0.19)! 0.56 (0.18)! 8.993 0.011
Lymphocytes (mean [SD]) 222 (0.91) 2.15 (1.10)! 2.16 (0.87)2 242 (0.77)12 14,482 0.001
Platelets (mean [SD]) 243.02 (67.19)  236.34 (60.64) 245.36 (74.31) 244.49 (57.00) 1.584¢ 0.453

Abbreviations: HDRS, Hamilton Depression Rating Scale; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SA, suicide attempt; SD,

standard deviation; x?, chi-square test.

Note: Superscript numerals represent statistically different groups after post hoc Duncan test.

?One-way analysis of variance (ANOVA).
"Student’s t-test.
°Kruskal-Wallis test.

X2 [df] = 32.168 [2], p < 0.001), and had significantly lower mean
NLRand PLRratios (1.68[0.80] vs. 2.37[2.36]and 2.22[2.17], H=
10.630, p = 0.005; 109.97 [38.75] vs. 128.20 [61.65] and 127.76
[68.91], H = 7.487, p = 0.024, respectively; Table 1).

No association was found between NLR or PLR and age
(r=0.002, p=0.957 and r=0.046, p=0.290, respectively), number
of SA (r=-0.062, p=0.222 and r=0.041, p =0.422), or age at first
SA (r=0.060, p=0.242 and r=-0.004, p =0.942). No association
was found between NRL and depression severity (r = —0.015,
p=0.730), whereas PRL was significantly associated with depression
severity (r=-0.113, p=0.009). However, both ratios were associ-
ated with sex with NLR higher inmen (2.37vs.1.99; U=26,730,p=
0.009) and PLR higherinwomen (127.25vs. 114.80; U=35,248.50,
p=0.013). Conversely, MLR was associated with age (»r=0.096, p =
0.026) and age at first SA (r=0.119, p =0.020), whereas no associ-
ation was found between MLR and depression severity (r=—0.045,
p=0.298), number of SA (r=-0.048, p=0.344), or sex (U =28,107,
p = 0.094). A significant correlation was found between NLR and
PLR (r=0.462,p<0.001), NLRand MLR (r=0.518,p<0.001), and
MLR and PLR (r=0.607, p<0.001).

Since no statistically significant differences were found between
the two SA subgroups, we used SA (yes/no) as adependent variable
for the stepwise logistic regression model. The model was run to
assess the potential predictive value of NLR and PLR on SA. After
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controlling for age, sex, and depression severity, only NLR (B =
0.489, p<0.001; odds ratio [OR] [95% confidence intervals (CI)] =
1.631 [1.266-2.102]) was included in the final model.

The multinomial regression analysis shows no differences in
NLR or PLR between recent and past attempters, while patients
with MDD who never attempted suicide exhibited significantly
lower NRL compared with recent attempters (8=0.471, p=0.003;
OR[95%CI]=1.602[1.177-2.179]) and past attempters (8 =0.423,
p=0.006; OR [95% CI]=1.526 [1.131-2.059]; Table 2).

According to the ROC curve analysis (Figure 1), the optimal cut-
off value for NLR in predicting SA was 1.59 (area under the curve =
0.593 [95% CI1=0.540-0.646], sensitivity =60%, and specificity =
58%). However, in order to reduce the large number of false
negatives, wesuggestacut-off of 1.30 (sensitivity=75%, specificity
= 35%, positive predictive value = 77%, and negative predictive
value = 32%).

Discussion
Inflammation and suicidality

Inthe presentstudy, we suggestarole ofinflammationin SB that may
be detected by white blood cell count. NLR was higher in suicidal
versusnonsuicidal depressive patientsand may representamarker of
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Table 2. Variables associated with never attempted versus recent attempt or past attempt

B SE Wald df p OR 95% ClI

Recent attempt

Intersection 4.943 0.786 39.540 1 0.000

PLR 0.001 0.003 0.107 1 0.743 1.001 0.995-1.008

NLR 0.471 0.157 8.999 1 0.003 1.602 1.177-2.179

HDRS —0.165 0.029 32.703 1 0.000 0.847 0.801-0.897

Age —0.068 0.011 41.39%4 1 0.000 0.934 0.915-0.954

Sex (male) —0.638 0.302 0.035 1 0.035 0.528 0.292-0.955
Past attempt

Intersection 4.034 0.676 35.583 1 0.000

PLR 0.002 0.003 0.522 1 0.470 1.002 0.996-1.008

NLR 0.423 0.153 7.655 1 0.006 1.526 1.131-2.059

HDRS —0.081 0.023 12.861 1 0.000 0.922 0.882-0.964

Age —0.059 0.009 41.833 1 0.000 0.943 0.926-0.960

Sex (male) —0.592 —0.249 5.641 1 0.018 0.553 0.340-0.902

Abbreviations: Cl, confidence interval; df, degrees of freedom; HDRS, Hamilton Depression Rating Scale; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; PLR, platelet-to-lymphocyte ratio;

SE, standard error.

Figure 1. Receiver operating characteristic (ROC) curve of neutrophil-to-lymphocyte ratio for prediction of suicide attempt.

SAinpatientswithMDD. Interestingly, NLRwasassociatedwithSA
after controlling for age, sex, and depression severity.

A relationship between different chronic inflammatory states
and depression or SB has already been suggested in previous
research. First, autoimmune disorders such as multiple sclerosis
and systemic lupus erythematosus have been associated with a
twofold increase in risk of death by suicide [23] and higher prev-
alence of suicidal ideation [24]. Second, the prevalence of suicidal
ideation and SA is higher in HIV patients and chronic hepatitis C
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patients [25], and Toxoplasma gondii infection has been associated
with SB [26]. It is worth noting that infections activate neuroin-
flammatory mechanisms associated with the pathophysiology of
SB. Third, acute-phase inflammatory markers such as C-reactive
protein (CRP) have been associated with SB [27,28]. Fourth, the
therapeutic benefit of ketamine for reducing suicidal ideation may
be related, at least in part, to its NMDA antagonist effect [29]. It is
also noteworthy that increased NMDA agonist levels seem to be
affected by inflammatory processes [10].
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Interoceptive signaling of inflammation also plays a role in
human depression. Cumulative meta-analyses now provide con-
vincing evidence for elevated peripheral inflammatory markers,
particularly IL-6 and CRP, in a subset of depressed patients
[30]. Interoceptive pathways link these central and peripheral
immune changes and make a powerful contribution to maladaptive
stress responses such as SB.

Altogether, these studies support the hypothesis that inflamma-
tion may be a critical factor in the etiology of mood disorders and
suicide risk. Thus, immunomodulatory therapies may be effective
treatmentoptions. To develop individualized therapeutic strategies,
some authors point out the need for identifying subgroups of
patients with psychiatric disorders and signs of immune dysregula-
tion [31], hence the need for inflammation markers in SB.

NLR as a biological marker of SB

Our results confirm previous findings by Ekinci and Ekincialsoina
sample of MDD patients [19]. These authors suggest that NLR may
be a trait marker for suicide vulnerability in MDD.

Previous studies had already shown that the NLR is significantly
higher in patients with MDD [14] and bipolar disorder [16] than in
healthy controls. In addition, it has recently been suggested that
NLR may be useful in predicting risk of SA in the subpopulation of
bipolar disorder patients with a family history of SA [18] or in
differentiating violent SAs and nonviolent SAs [32]. The only
negative study, to the best of our knowledge, regarding an associ-
ation between NLR and suicidality is the one by Gundogdu Mey-
daneri and Meydaneri [33]. However, the small sample size inthe
study may have led to a type Il error.

White blood cell and subtype counts are some of the predictors
of chronic inflammation. It has been suggested that stress and
depression increase leukocyte and neutrophil levels, whereas they
decrease lymphocytes [34]. However, ithas also been suggested that
NLR is a more reliable and stable peripheral-blood biomarker of
inflammation than CRP levels or lipid profile for predicting suicid-
ality [19]. Our results strengthen this association and extend it to
suicidality, as depressed patients with a lifetime history of SA
showed higher neutrophil and lower lymphocyte levels than
depressed patients without a history of suicidality.

In contrast, our study did not show any differences in PLR index
between MDD patients with or without a history of SA. PLR has
previously been correlated with severity of MDD. More specifically,
patients who had MDD with psychotic features had higher PLR
scores than other MDD patients [15]. The latter research, along
with recent studies conducted in other areas, have reported that
PLR may be better than NLR for determining severity of inflam-
mation [35]; thus the lack of association between PLR and suicide
risk found in our study was unexpected.

NLR cut-off value

To date, this is the first study suggesting a NLR cut-off value
associated with SA. Our data suggest that NLR is significantly
associated with SA in MDD patients with an optimal cut-off value
of 1.59 (sensitivity 60% and specificity 58%). However, after eval-
uating our results, we suggest that a more suitable cut-off point for
evaluation of suicide risk would be 1.30. With this cut-off point, at
least in our sample, there is a major increase in sensitivity (75%),
although specificity falls to 35%. Nevertheless, given the conse-
quences of the event, we wish to predict and the possibility of using
NLR to screen for suicide risk in situations where time is of the
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essence, such as hospital emergency room or primary care settings,
itis clear that good sensitivity must take priority over specificity. It
should be noted that Orum et al. [32] proposed 2.22 as the optimal
cut-off for NLR in order to differentiate violent from nonviolent SA
(sensitivity 68.8% and specificity 60.6%).

Strengths and limitations

Our study has some strengths and limitations. On the one hand, we
collected a large cohort from two independent institutions with a
sample size large enough to find a significant association between
NLR and lifetime SA in patients with MDD. In addition, the fact
that we used a sample from two different countries may contribute
to the generalizability of our results in Caucasian populations.
Patients with chronic illnesses and those treated with anti-
inflammatory drugs were excluded. Finally, we controlled for age,
sex, and depression severity to ensure reliable results.

One limitation of the present study is its cross-sectional design,
which limits conclusions regarding causal relationships between
history of SA and inflammation. Other limitations may include
potential confounding factors such as tobacco use, number of
previous MDD episodes, antidepressant psychiatric treatment,
including dosage and time on treatment, or the lack of a healthy
control group. However, we consider these partial limitations, since
our study isaimed at assessing the power of NLR, PLR, and MLR to
separate MDD patients based on SA, and if strong enough, to define
a cut-off with prognostic value. We have observed no differences
based on tobacco use or treatment among MDD patient subgroups
and therefore conclude that the potential use of NLR as a prognostic
biomarker should not be biased by these variables.

In conclusion, our data confirm that using NLR may be a
valuable, reproducible, easily accessible, and cost-effective strategy
in clinical practice for detecting suicide vulnerability in patients
with MDD. To date, there is no strong biomarker associated with
suicidality. In particular, it is more probable that a combination of
different biomarkers could predict the risk of SBs [36]. However,
prospective studies are needed in order to determine causal rela-
tionships. Studies that include other psychiatric diagnoses are also
needed in order to test the specificity of our findings.
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Abbreviations

CRP C-reactive protein

HDRS Hamilton Depression Rating Scale
HIV human immunodeficiency virus
MDD major depressive disorder

MLR monocyte-to-lymphocyte ratio
NLR  neutrophil-to-lymphocyte  ratio

NMDA N-methyl-p-aspartate

PLR
ROC

SA

platelet-to-lymphocyte ratio
receiver operating characteristic
suicide attempt
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Resumen: Suicide is the leading cause of non-natural death worldwide, and major
depressive disorder (MDD) is the mood disorder with the highest prevalence among
individuals with suicidal behaviour (SB). The role of inflammation and
immunomodulation in mood disorders has raised interest in recent years, as inflammation
biomarkers have been reported to be increased in mood disorder patients, suggesting a
role of inflammation in their pathogenesis. The influence of inflammation on the
haematopoietic production is well known; however, a comprehensive study of the
haematopoietic production in patients with major depressive episodes (MDE) is lacking.
We examined global haematopoietic parameters from complete blood counts (CBC) of
patients with MDE, in search of prognostic patterns. MDE patients presented differences
in several CBC parameters, differences that were clearly pronounced and/or significant in
concur- rence with suicide attempts (SA). Red and white blood cell lineage parameters
were affected, suggesting general haematopoietic modulation or imbalance. We observed
distinct haematological parameter changes in women versus men, with men presenting
milder alterations than women. Interestingly, we found that the List of Threatening
Experiences (LTE) score, but not the Childhood Trauma Questionnaire (CTQ), was
associated with the haematopoietic alterations observed exclusively in women and, more
importantly, served as a parameter to stratify fe- male MDE patients based on
concurrence or non-concurrence with SA. In conclusion, grades of haematopoietic
modulation in MDE patients are associated with absence or presence of SA.
Haematopoietic manifestations differ between men and women and, in the latter, are

markedly influenced by late, and not early, traumatic events.
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Abstract

Suicide is the leading cause of non-natural death worldwide, and major depressive disorder
(MDD) is the mood disorder with the highest prevalence among individuals with suicidal be-
haviour (SB). The role of inflammation and immunomodulation in mood disorders has raised
interest in recent years, as inflammation biomarkers have been reported to be increased in
mood disorder patients, suggesting a role of inflammation in their pathogenesis. The influence
of inflammation on the haematopoietic production is well known; however, a comprehensive
study of the haematopoietic production in patients with major depressive episodes (MDE) is
lacking. We examined global haematopoietic parameters from complete blood counts (CBC)
of patients with MDE, in search of prognostic patterns. MDE patients presented differences in
several CBC parameters, differences that were clearly pronounced and/or significant in concur-
rence with suicide attempts (SA). Red and white blood cell lineage parameters were affected,
suggesting general haematopoietic modulation or imbalance. We observed distinct haemato-
logical parameter changes in women versus men, with men presenting milder alterations than
women. Interestingly, we found that the List of Threatening Experiences (LTE) score, but not
the Childhood Trauma Questionnaire (CTQ), was associated with the haematopoietic alterations
observed exclusively in women and, more importantly, served as a parameter to stratify fe-
male MDE patients based on concurrence or non-concurrence with SA. In conclusion, grades
of haematopoietic modulation in MDE patients are associated with absence or presence of SA.
Haematopoietic manifestations differ between men and women and, in the latter, are markedly

influenced by late, and not early, traumatic events.

© 2020 The
This is an  open

Author(s). Published by Elsevier B.V.

access article under the cc BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Suicide is the leading cause of non-natural death world-
wide and the second leading cause of mortality in individ-
uals aged 15-29 years (World Health Organization, 2018),
psychiatric disorders and substance abuse being the ac-
knowledged risk factors. Major depressive disorder (MDD)
is the most prevalent mood disorder in individuals with sui-
cidal behaviour (SB), depression itself being associated with
a 20-fold increase in suicide mortality rate (Osby et al.,
2001). Stressors in childhood and adulthood have been as-
sociated with suicide attempts (SA), and there is ongoing
debate whether early events have a stronger association
with SB in comparison with late or recent events (Liu et al.,
2017; Ludwig and Dwivedi, 2018). Importantly, individuals
who have attempted suicide are at higher risk for future
attempts, and a large proportion of them experience self-
inflicted injuries or long-term disability, requiring medical
attention and follow-up. It is therefore of interest to health
systems to develop and rely on more precise personalised
algorithms and biomarkers to better predict and prevent SA
(Barrigon and Baca-Garcia, 2018). In this direction, efforts
have been made to identify different novel biomarkers using
high-throughput technologies (GWAS, metabolomics), high-
lighting the importance of transversal or multidisciplinary
approaches to understand mood disorders.

The role of inflammation and immunomodulation in dif-
ferent conditions or pathologies, including mood disorders,
has raised interest recently (Pariante, 2017). Inflammation-
related biomarkers, such as the neutrophil-to-lymphocyte
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ratio (NLR) (Ekinci and Ekinci, 2017; Ivkovic et al., 2016;
Velasco et al., 2020) and C-reactive protein (CRP) (Courtet
et al., 2015; Gibbs et al., 2016), have been reported to be
increased in mood disorder patients, suggesting a role of
inflammation in their pathogenesis and a potential use for
these biomarkers as predictors of SB. More recently, NLR and
mean platelet volume (MPV) have been related to the sever-
ity of SA (Orum et al., 2018). Inflammatory and infectious
diseases, including allergy, asthma, and toxoplasmosis, have
been associated with SB (Postolache et al., 2008; Zhang
et al., 2012). Furthermore, an association has been estab-
lished between SA, inflammation, and increased risk of mor-
bidity and mortality from natural (cardiometabolic) causes
(Bergen et al., 2012). Interestingly, patients treated with
pro-inflammatory cytokines demonstrated increased risk of
suicidal ideation or SA (Fragoso et al., 2010).

A comprehensive model focusing on the influence of
the immune system in the pathophysiology of SB has been
proposed (Courtet et al., 2016), where childhood abuse,
sleep disturbance, infections, and other stressors induce
a chronic inflammatory state causing dysregulation of the
hypothalamic-pituitary-adrenal axis, increasing cortisol lev-
els and indolamine 2,3-dioxygenase activation, which re-
sults in increased N-methyl-D-aspartate (NMDA) agonist and
decreased serotonin levels. All these mechanisms may lead
to psychological vulnerability and SB. However, the cause-
consequence relationship between psychiatric disorders,
SB, and systemic inflammation response and feedback is still
largely unknown.
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Haematopoiesis occurs in an inter-lineage equilibrium,
where production of the different haematopoietic cell types
that circulate in the blood is tightly regulated, as they need
to be constantly replenished due to their short lifespan. A
complete blood count (CBC) test measures a number of vari-
ables related to the different circulating blood cell-types,
and is a bona fide portrait of an individual’s health sta-
tus. Hence, complete blood count (CBC) variables follow a
given correlation in healthy individuals. When haematopoi-
etic distress, imbalance, or modulation occurs, those cor-
relations are disrupted, because the haematopoietic out-
put shifts depending on the underlying physiological de-
mand. It is well known that in response to external cues
(e.g. cytokines during inflammation), the steady state out-
put of the different types of blood cells shifts, usually to-
wards producing higher numbers of innate immune cells
(e.g. basophils, neutrophils, etc.), at the expense of ery-
thropoiesis, megakaryopoiesis, and lymphopoiesis (Zhao and
Baltimore, 2015). For example, anaemia of inflammation
occurs when the body feels a need to increase white blood
cell (WBC) production in response to infection, at the ex-
pense of red blood cell (RBC) production; in this case, the
anaemia is caused by a rise in IL-6 and hepcidin levels, with
subsequent inhibition of iron absorption, ultimately result-
ing in hampered erythropoiesis (Nemeth and Ganz, 2014).
In a transgenic mouse model of anaemia of chronic disease,
characterised by enhanced CD27-mediated co-stimulation
and a strong increase in the production of IFN-y -producing
effector T cells, progressive anaemia is due to inhibition
of erythropoiesis through the IRF-1-dependent activation
of PU.1 transcription factor in haematopoietic precursors
(Libregts et al., 2011). This exemplifies how this balance
is self-regulated through transcriptional reprogramming of
haematopoietic precursors. Contrariwise, recurrent infec-
tions are typical of chronic anaemia patients, as, in these
cases, the necessity to increase RBC production negatively
influences the commitment and differentiation of lymphoid
precursors (Jonker et al., 2017). It has been reported that
inflammation influences haematopoiesis at the haematopoi-
etic stem cell level (King and Goodell, 2011). Hence, it is
plausible that the sub-clinical inflammation (Kohler et al.,
2017) reported in patients with MDE may be accompanied by
other alterations in the haematopoietic production, which,
we hypothesise, will manifest at different levels depending
on SA co-occurrence, sex, and early or latestressors.

In the present study, we examine global haematopoietic
parameters from CBCs of MDE patients, with or withoutSA,
and evaluate potential haematopoietic imbalance based on
SA co-occurrence, sex, and early or late stressors, withthe
objective of defining clinical patterns that would contribute
to a better prognosis and SB management in these patients.

2. Experimental procedures

2.1. Study sample

We performed a cross-sectional study, including 172 Caucasian par-
ticipants aged 48 years recruited in the area of Oviedo, Spain,
from April 2016 to September 2018. All participants gave informed
consent. The study was conducted according to the Declaration of
Helsinki (World Medical Association, 2013).

The cohort consisted of 79 patients recruited at the Mental

Health Services of Oviedo, diagnosed with MDE according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM-
5) (American Psychiatric Association, 2013). The exclusion crite-
ria were comorbid psychiatric diagnoses, acute infection, active
or chronic inflammatory or autoimmune diseases, smoking 20
cigarettes/day, obesity (BMI > 30 kg/m?), current treatment with
anti-inflammatory or immunosuppressant drugs, acute coronary
syndrome, history of chronic renal, hepatic, or cerebrovascular dis-
ease, and reported haematological disorders.

Our control population consisted of 93 healthy active blood
donors approved by the regional blood bank (Centro Comunitario
de Sangre y Tejidos de Asturias, CCSTA).

2.2. Clinical assessment

Patients were assessed by well-trained interviewers using an ad
hoc protocol for sociodemographic and clinical data. Psychomet-
ric evaluation included the Spanish versions of different scales and
questionnaires. We employed the Hamilton Depression Rating Scale
(HDRS) (Bobes et al., 2003) to determine severity of depression; the
Childhood Trauma Questionnaire-Short Form (CTQ-SF) (Hernandez
et al., 2013), a self-report questionnaire, to detect early life stres-
sors (emotional, physical and sexual abuse, and emotional and
physical neglect); the List of Threatening Experiences (LTE) to de-
tect twelve stressful life events in the six months prior to the eval-
uation (Motrico et al., 2013), and the Medical Damage Scale (MDS)
(Beck et al., 1975) to score medical damage due to SA, ranging from
0 (none) to 8 (dead).

SA was defined as a “self-initiated sequence of behaviours by an
individual who, at the time of initiation, expected that the set of
actions would lead to his or her own death” (American Psychiatric
Association, 2013).

For every patient, seven days prior to assessment, mean daily
antidepressant doses were calculated and standardised to fluoxe-
tine equivalents (Hayasaka et al., 2015).

2.3. CBC analysis

Fasting blood samples were collected in the morning in EDTA tubes.
CBCs were performed the same day using a Sysmex XN-10/XN-20
haematology analyser.

2.4, Statistical analysis

Descriptive parameters were shown as mean and standard devia-
tion. In addition, normal distribution was assessed by the Shapiro-
Wilk test. A Chi-square test was used for comparison of categorical
variables, whereas an unpaired Mann-Whitney U test or a Kruskal-
Wallis test were used to compare continuous variables among two
or more groups, respectively. False discovery rate (FDR) correc-
tion was applied to account for multiple comparisons. Correlation
analyses were performed by Spearman correlation, followed by FDR
correction. Statistical significance was considered p (or g value in
the case of FDR correction) < 0.05. All data were analysed using R
version 3.6 (R Core Team, 2019), and figures were produced using
the ggplot2 package (Wickham, 2009). Principal component anal-
ysis (PCA) was performed after scale-to-interval normalisation of
variable values using Perseus Software version1.5.2.6.
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3. Results

3.1. Patient cohort: socio-demographicsand
psychiatric evaluation

The study population consisted of 79 MDE patients [mean
age (SD): 52.28 (10.56) years; females: 46 (58.2%)], most
with MDD [n=71 (89.9%)]. MDE patients were stratified into
two major groups based on history of SA (MDE SA) [a 48
(60.8%)] or absence of SA (MDE noSA) [n = 31 (39.2%)].
The control group consisted of 93 healthy active blood
donors [mean age (SD): 48.22 (11.44) years; females: 40
(43.0%)]. No significant differences between patient groups
were identified with regard to sociodemographic character-
istics or sex. Age differed considerably between patient and
control groups, although post-hoc pairwise analysis (Dun-
can) revealed significant differences only in the MDE noSA
group compared with the control group (Table 1 and Supple-
mentary Table 1).

3.2. CBC of MDE patients: grades of
haematopoietic modulation associated with SA

The CBCs of all patients were within normal range for
all variables analysed, including WBC and differential
count (neutrophils, lymphocytes, monocytes, eosinophils,
and basophils), RBC count, mean corpuscular volume
(MCV), red cell distribution width (RDW), haematocrit
(HCT), and haemoglobin-related variables (haemoglobin
(Hb), mean corpuscular haemoglobin (MCH), mean corpus-
cular haemoglobin concentration (MCHC)), and platelets
and mean platelet volume (PLT, MPV). From these data, the
neutrophil-to-lymphocyte (NLR), monocyte-to-lymphocyte
(MLR), and platelet-to-lymphocyte (PLR) ratios were calcu-
lated (Table 2 and Supplementary Table 1).

Principal component analysis (PCA) was performed on the
CBC variables as presented in Supplementary Table 1 (taking
into consideration only the WBC differential counts and not
the percentages) in order to visualise the clustering of the
patients in the different groups and the controls. This anal-
ysis revealed that while the clusters of MDE patients with-
out SA (MDE noSA) and the controls overlapped to a large
extent, the cluster of MDE patients with SA (MDE SA) pre-
sented only a partial overlap with the cluster of controls,
with a number of MDE SA patients located very distant from
the nucleus (or centre) of the control cluster (Fig. 1). Of
note, the MDE SA patients who clearly separated from the
control cluster nucleus were females. This data suggests dif-
ferential clustering of MDE patients, in concurrence with or
without SA, based on their CBC measurements.

To identify the variables responsible for this differential
clustering, we next compared potential haematological dif-
ferences in blood samples between the two major subgroups
of MDE patients (SA and noSA) and controls. Descriptive
analysis revealed significant changes in RBC lineage-related
parameters, e.g. RBC count (reduced), MCV (increased),
RDW (reduced), MCH (increased), and MCHC (reduced), with
no Hb or HCT changes, suggesting signs of stress erythro-
poiesis in MDE patients. There were no significant changes
in WBC counts; however, there was a significant reduction in
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monocytes and an increase in eosinophils and basophils, sug-
gestive of systemic inflammation. Platelet-related parame-
ters showed a tendency toward thrombocytosis (not signif-
icant) with a significant reduction in MPV in MDE patients
versus controls. The difference in these variables was sig-
nificant and/or greater in MDE patients in concurrence with
SA, supporting the PCA results. Furthermore, a tendency to-
ward increased NLR and significantly reduced MLR were ob-
served in MDE SA patients (Tables 2 and 3 and Fig. 2).

3.3. Disruption of haematopoietic equilibriumin
MDE patients

We next evaluated the haematological equilibrium of CBC
variables by studying their correlations in MDE patients ver-
sus controls, with the hypothesis that the identified dif-
ferences and differential clustering observed in the PCA
analysis could be explained by the loss of canonical or ap-
pearance of de novo correlations, supporting the notion of
haematopoietic distress or production imbalance.

In fact, the significant correlations identified in the con-
trol group, and thus, the normal equilibrium of haematopoi-
etic production, were gradually disrupted in MDE patients,
with increasing severity associated with concurrence of SA
(Fig. 3). Interestingly, we observed new significant correla-
tions of haematopoietic variables that would indicate an im-
balance of haematopoiesis not present in the control group.
This imbalance would suggest an incipient shift favour-
ing WBC lineage at the expense of RBC lineage production
(Fig. 3).

3.4. Sex and haematopoietic modulation in MDE

It is well known that some haematological parameters from
a CBC depend on age and sex (Cheng et al., 2004; Qiao
et al., 2014); therefore we performed multiple regression
analyses, which allowed us to identify the haematological
parameters dependent on or influenced by these variables
in our cohort of patients and controls (Table 2). As is already
known, females presented slightly reduced RBC count, Hb,
HCT, and MCH compared with males. Contrariwise, females
displayed significantly higher platelet numbers. This also ex-
plains the differential clustering of male and female indi-
viduals in the PCA (Fig. 1). Additionally, we observed age-
related differences that, although small, were still signifi-
cant; i.e. the RDW % was higher in older individuals while
the opposite was true for lymphocyte counts (Table2).

It was therefore important to study whether the
haematopoietic imbalance observed in our cohort was main-
tained when the sexes were studied separately and whether
it would impact males and females equally. Therefore, we
next performed the same comparative analysis afterstrati-
fication of our cohort based on sex. Of note, thedifference
observed in age in the global population (MDE noSA vs con-
trols) disappeared in women after stratifying our cohort, but
persisted in men (data not shown).

We observed increased SA-associated haematopoietic im-
balance both in men and women; however, both sexes pre-
sented particularities and separate haematopoietic modu-
lation profiles. While females experienced the most evi-
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Table 1 Sociodemographic and clinical data. SD: Standard deviation; HDRS: Hamilton Depression Rating Scale; MDE: Major
Depressive Episode; SA: Suicide attempt; noSA: No suicide attempt; MDS: Medical Damage Score; LTE: List of Threatening Expe-
riences; CTQ: Childhood Trauma Questionnaire; SSRI: Selective Serotonin Reuptake Inhibitor; SNRI: Serotonin and Norepinephrine
Reuptake Inhibitor; NDRI: Norepinephrine Dopamine Reuptake Inhibitor;" Statistically different (Post-hoc Duncan test).

MDE MDE SA MDE noSA Healthy MDE MDE + Controls
controls
n=79 n =48 n=31 n=93 X2 */T test (p) X2 */ANQVA (p)
Sex [n (%)]
Males 33 (41.8%) 18 (37.5%) 15 (48.4%) 53 (57.0%)  0.918* (0.338) 4.849* (0.089)
Females 46 (58.2%) 30 (62.5%) 16 (51.6%) 40 (43.0%)  1.414(0.162) 3.810(0.024)
Age [Mean (SD)] 52.28 (10.56) 50.94 (9.71) 54.35(11.61) 48.22
g (11.44)!

Diagnosis [n (%)]

Major Depressive Disorder 71 (89.9%) 43 (89.6%) 28 (90.3%) 0.011* (0.915)
Bipolar Disorder 8 (10.1%) 5 (10.4%) 3 (9.7%)
HDRS [Mean (SD)] 21.15 (4.21)  21.04 (4.56)  21.32 (3.67) 0.288 (0.774)
Number of SA [Mean (SD)] - 2.58 (2.53) - -
Age of 1st SA[Mean (SD)] - 39.71 (13.64) - -
MDS [Mean (SD)] - 3.17(1.45) - -
LTE [Mean (SD)] 2.99 (2.44) 3.25 (2.99) 2.58 (1.12) ~1.193
(0.237)
CTQ Total Score [Mean (SD)] 51.09 (17.90) 53.94 (19.93) 46.77 (13.45) —1.894
(0.062)
CTQ Physical Abuse [Mean (SD)] 6.64 (3.39) 7.13 (4.07) 5.90 (1.78) —1.817
(0.074)
CTQ Sexual Abuse [Mean (SD)]  6.82 (4.34) 7.32 (4.81) 6.06 (3.42) —1.344
(0.183)
CTQ Emotional Abuse [Mean 8.88(4.62)  9.45(4.86)  8.03 (4.16) —1.331
(SD)] (0.187)
CTQ Physical Neglect[Mean 8.41 (3.83) 8.85 (3.71) 7.74 (3.98) —1.256
(SD)] (0.213)
CTQ Emotional Neglect [Mean 11.03 (5.40) 11.64(5.48) 10.10 (5.21) -1.239
(SD)] (0.219)
Pharmacological Treatment [n (%)] 74 (93.7%) 46 (95.8%) 28 (90.3%) 0.965* (0.326)

Antidepressant equivalent to
fluoxetine 40 mg/day [Mean
(SD)]

45.21 (19.08) 45.74 (20.71)

SSRI [n (%)] 26 (32.9%) 17 (35.4%)
SNRI [n (%)] 36 (45.6%) 21 (43.6%)
NDRI [n (%)] 7 (8.9%) 4 (8.3%)
Others [n (%)] 36 (45.6%) 23 (47.9%)
Mood Stabilisers [n (%)] 10 (12.7%) 7 (14.6%)
Antipsychotics [n (%)] 32 (40.5%) 23 (47.9%)
Benzodiazepines [n (%)] 67 (84.8%) 43 (89.6%)

Others [n (%)] 12 (15.18%) 6 (12.5%)
Tobacco consumption [n (%)]
Yes 36 (45.6%) 20 (41.7%)
No 43 (54.4%) 28 (58.3%)
No. of cigarettes/day [Mean (SD)] 15.19 (9.56) 13.35 (5.76)

44.36 (16.41)

9 (29.0%)
15 (48.4%)
3 (9.7%)
13 (41.9%)
3(9.7%)

9 (29.0%)
24 (77.4%)
6 (19.4%)

16 (51.6%)
15 (48.4%)
17.50 (12.70)

—-0.316
(0.766)

0.348* (0.555)
0.163* (0.686)
0.042* (0.837)
0.272* (0.602)
0.410* (0.522)
2.787* (0.095)
2.163* (0.141)
0.687* (0.407)

0.751* (0.386)

1.307 (0.200)

dent changes, these were not always significantly altered
in males (Table 3). Regarding RBC lineage, a significant in-
crease in RBC count with no change in RDW was observed in
MDE females; however, in males, the MCV and RDW changes
were significant only in concurrence with SA (Fig. 4). RDW
is affected by age, as our analysis showed (Table 2), but
since age was different in the MDE noSA group and the sig-
nificant difference was detected in the MDE SA group, we

balance, affecting both the RBC and WBC lineages, while

men present overall milder alterations.

3.5.

modulation in MDE

CTQ and LTE scores and haematopoietic

Further analyses were conducted to evaluate the associa-
tions between stressors during childhood and adulthood, as
assessed using CTQ and LTE scores, respectively, and the

consider our results valid. These data suggest that females
with MDE are more prone to experience haematological im-
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Table 2 Complete blood parameters in the patient and control groups. Variables are summarised as mean (standard deviation).
Differences between the MDE SA and MDE noSA groups and the healthy controls were assessed by one-way Kruskal-Wallis test.
Variables with significant differences (p < 0.05) are highlighted in bold. MDE: Major Depressive Episode; SA: Suicide attempt;
noSA: No suicide attempt; WBC: white blood cell count; RBC: red blood cell count; MCV: mean corpuscular volume; MCH: mean
corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin concentration; RDW: red cell distribution width; MPV: mean
platelet volume; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

MDE MDE SA MDE noSA Healthy One-way Sex Age
controls Kruskal-Wallis  adjusted  adjusted
N=79 N =48 N =31 N =93 p p p
WBC (103/uL) 7.47 (2.25) 7.82 (2.38) 6.93 (1.94) 7.11 (1.66) 0.205 1 1
RBC (106/pL) 4.73 (0.46) 4.69 (0.43) 4.79 (0.49) 4.90 (0.38) 0.017 < 0.001 1
Haemoglobin (g/dL)  14.31 (1.54)  14.17 (1.60)  14.51 (1.44)  14.56 (1.11) 0.460 < 0.001 1
Haematocrit (%) 42.49 (4.03) 42.25 (4.12)  42.86 (3.93) 42.34 (2.79) 0.945 < 0.001 1
MCV (fL) 89.76 (5.22)  89.87(6.35) 89.59 (2.75)  86.52 (3.94) < 0.001 1 1
MCH (pg) 31.83 (9.84) 32.80 (12.54) 30.33 (1.29) 29.73 (1.50) 0.006 < 0.001 1
MCHC (g/dL) 33.73 (1.29)  33.65(1.45) 33.85(1.00) 34.37 (1.00) 0.003 1 1
RDW (%) 13.39 (1.24)  13.41 (1.41)  13.36 (0.96)  13.70 (1.01) 0.022 1 < 0.001
Neutrophils (103/uL)  4.23 (1.84) 4.54 (2.02) 3.74 (1.39) 3.95 (1.29) 0.109 1 1
Lymphocytes (103/uL) 2.38 (0.84) 2.41 (0.87) 2.35 (0.81) 2.31 (0.78) 0.835 1 < 0.001
Monocytes (103/uL)  0.56 (0.17) 0.57 (0.16) 0.55 (0.19) 0.64 (0.18) 0.012 1 1
Eosinophils (103/uL)  0.24 (0.15) 0.25 (0.15) 0.21 (0.14) 0.19 (0.12) 0.043 1 1
Basophils (103/pL) 0.05 (0.02) 0.06 (0.02) 0.05 (0.02) 0.03 (0.01) < 0.001 1 1
Platelets (103/pL) 252.16 (68.97) 260.08 (80.56) 239.90 (44.09) 244.25 (60.63) 0.540 < 0.001 1
MPV (fL) 10.83 (0.80) 10.80 (0.81)  10.89 (0.78)  11.29 (0.94) 0.008 1 1
NLR 1.97 (1.35) 2.17 (1.66) 1.68 (0.57) 1.87 (0.80) 0.510 1 1
PLR 117.26 (53.49) 122.39 (64.51) 109.30 (28.50) 117.99 (54.77) 0.952 1 1
MLR 0.26 (0.11) 0.26 (0.12) 0.25 (0.08) 0.30 (0.13) 0.017 1 1
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Fig. 1 Principal component analysis (PCA) of haematological parameters in MDE patients and healthy controls shows distinct

clustering of samples depending on co-occurrence of SA.

PCA of haematological parameters performed on MDE patients (MDE noSA, MDE SA, and controls) is depicted.
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Table 3 Differences between patient groups, stratified by severity of MDE (SA/noSA) and sex, and healthy controls were evalu-
ated by the Mann-Whitney U test, and the False Discovery Rate (FDR, g value) is indicated. Variables with significant differences
are highlighted in bold. Ratios show the relationship between the means of each patient group and the healthy controls for each
haematological parameter. MDE: Major Depressive Episode; SA: Suicide attempt; noSA: No suicide attempt; WBC: white blood cell
count; RBC: red blood cell count; MCV: mean corpuscular volume; MCH: mean corpuscular haemoglobin; MCHC: mean corpuscular
haemoglobin concentration; RDW: red blood cell distribution width; MPV: mean platelet volume; NLR; neutrophil-to-lymphocyte

ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

Global Male Female

MDE SA MDE noSA MDE SA MDE noSA MDE SA MDE noSA

q Ratic ¢q Ratio ¢ Ratio ¢ Ratio ¢ Ratio ¢ Ratio
WBC (103/uL) 0.236 0.722 0.687 0.811 0.726 0.134 0.85
RBC (106/pL) 0.02 0.96 0.218 0.638 0.811 0.190 0.309
Haemoglobin (g/dL) 0.342 0.676 0.856 0.914 0.797 0.630
Haematocrit (%) 0.884 0.947 0.687 0.811 0.698 0.576
MCV (fL) < 0.001 1.04 <0.001 1.04 0.04 1.03 0.153 0.005 1.04 0.003 1.04
MCH (pg) 0.02 1.10 0.125 0.056 0.365 0.182 0.409
MCHC (g/dL) 0.02 0.98 0.077 0.130 0.811 0.190 0.02 0.98
RDW (%) 0.02 0.98 0.218 0.04 0.96 0.351 0.660 0.630
Neutrophils (103/uL) 0.193 0.558 0.587 0.811 0.726 0.128
Lymphocytes (103/uL) 0.656 0.947 0.995 0.811 0.732 0.521
Monocytes (103/uL) 0.03 0.88 0.089 0.587 0.860 0.153 0.031 0.71
Eosinophils (103/pL) 0.03 1.34 0.558 0.242 0.365 0.190 0.978
Basophils (103/pL) < 0.001 2.05 <O0.001 1.81 0.001 1.87 0.009 1.88 < 0.001 2.27 0.031 1.78
Platelets (103/uL) 0.386 0.993 0.812 0.994 0.726 0.921
MPV (fL) 0.020 0.96 0.111 0.242 0.145 0.153 0.693
NLR 0.545 0.676 0.812 0.811 0.855 0.309
PLR 0.998 0.917 0.964 0.811 0.883 0.921
MLR 0.02 0.88 0.218 0.638 0.990 0.112 0.128

haematopoietic modulation observed in MDE patients, with
or without stratification based on sex.

First, we studied the distribution of CTQ and LTE scores in
our patient cohort. Although there was a tendency towards
a progressive increase in those scores from lower in MDE
noSA patients to higher in MDE SA patients, there were no
significant changes in CTQ nor LTE scores (data not shown).
In order to analyse the association of CTQ and LTE scores
with the haematopoietic imbalance observed in MDE patient
subgroups, we generated new ratio variables calculated as
“haematopoietic parameter value vs CTQ or LTE score” per
patient (Table 4) in the global MDE cohort and after stratifi-
cation based on sex. This analysis showed that LTE (and not
CTQ) was associated with the haematological alterations
observed in females only, and that the ratios calculated with
all the RBC lineage parameters and those calculated with
lymphocytes and monocytes as part of the WBC differential
clearly separated SA from noSA in females (Fig. 5). These
results suggest that females are more susceptible to devel-
oping signs of haematopoietic distress, that this imbalance
is more severe in concurrence with SA, and that the correla-
tion of all RBC lineage parameters and some of the WBC pa-
rameters with the LTE score clearly separates SA from noSA
in female patients with MDE.

4, Discussion

We examined global haematological parameters from CBCs
of MDE patients, with or without SA, and evaluated potential

haematopoietic modulation, imbalance or distress due to
co-occurrence of SA, and how sex and early or late stressors
may influence potential haematopoietic modulation mani-
festations in MDE patients.

We suggest that the haematopoietic imbalance observed
in these patients goes beyond the inflammatory status previ-
ously reported by others (Courtet et al., 2016, 2015; Ekinci
and Ekinci, 2017; Gibbs et al., 2016; Glaus et al., 2018a, b;
Ivkovic et al., 2016; Kayhan et al., 2017; Liu et al., 2012;
Mazza et al., 2019; Miller and Raison, 2016; Orum et al.,
2018). Haematopoietic imbalance, modulation, or distress
refers to the physiological response of the haematopoi-
etic system to a certain stimulus, which causes loss of the
haematopoietic production equilibrium. This loss of equilib-
rium may not affect single variables (as the normal ranges
for some of them are considerably wide), and hence, CBCs
as such may be within the normal range. However, since the
haematopoietic production is so tightly regulated, correla-
tions amongst variables start to be lost even when shifts of
variables are still present within the normal range, but de-
viate from the values and correlations measured in a given
individual under healthy conditions. A simple cold, which
is transitory, will induce such distress. Furthermore, study-
ing a given variable, like the red blood cell count, in a
certain patient cohort, such as the one as we present in
this manuscript, may show a skewed distribution towards a
minimum threshold -still within the normal range-, while in
healthy donors, the distribution is evenly dispersed within
the top and bottom limits. While it is important to ac-
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Fig. 2 Haematological parameters are affected in MDE patients and changes are more pronounced in co-occurrence with SA.

(a) Box plots of selected haematological parameters from the CBCs of MDE patients (SA and noSA) and healthy controls. Top row
depicts some parameters of the RBC lineage. Middle row depicts some parameters of the WBC lineage differential. Lower row
depicts the mean platelet volume. (b) Box plots of calculated ratios. RBC, red blood cell; MCV, mean corpuscular volume; MCHC,
mean corpuscular haemoglobin concentration; MPV, mean platelet volume; NLR, neutrophil-lymphocyte ratio; and MLR, monocyte-
lymphocyte ratio. *p < 0.05 and *** p < 0.001. NS: not significant.

knowledge that CBCs of all patients were within the nor-
mal range, we observed clear signs of stress erythropoiesis
(reduced RBC and RDW with increased MCV) accompany-
ing inflammation (decreased monocytes and increased ba-
sophils and eosinophils). The tendency toward increased
platelet counts, although not significant, along with re-
duced MPV, are suggestive of reactive thrombocytosis and
platelet vesiculation, which is normally present in acute
phase response or systemic inflammation. All these changes
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were more pronounced or significant in MDE patients in co-
occurrence with SA. Furthermore, the equilibrium of the
haematopoietic production, as exemplified by haematolog-
ical variable correlation matrixes, showed a disappearance
of many correlations and the appearance of de novo corre-
lations in MDE patients versus controls. These data, taken
together, suggest increasing grades of haematopoietic mod-
ulation/distress in MDE patients (associated with SA), in-
dicative of inflammation (as previously reported), but also
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Fig. 3 Correlation of haematological parameters is disturbed in MDE patients.

Correlation matrixes of haematological parameters in MDE patients (noSA and SA) and healthy controls are depicted. Significant
correlations are shown by different sized circles, indicating the strength of the slope. Direct correlations are coloured blue, while
negative correlations are coloured red. Note that many correlations identified in the healthy control group disappear in MDE
patients. De novo correlations are framed in a red-line square. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of thisarticle.)

indicative of underlying or onset of stress erythropoiesis.
Changes in haematological parameters in mood disorders
have been previously reported, including the appearance of
specific correlations as we report in this study (Wysokinski
and Szczepocka, 2016, 2018). In some reports, the tenden-
cies observed are the opposite (increased RDW vs decreased
RDW as we observed) (Demircan et al., 2016). Heterogene-

ity among study cohorts (probably due to sociodemographic
and environmental factors) and sample size may condition
this discrepancy, separating inflammation-associated ery-
throid stress due to iron deficiency (or malabsorption) from
other types of dyserythropoiesis. Furthermore, the variables
affected by sex (i.e. RBC, HB, HCT, MCH, and PLT) or by
age (RDW and lymphocyte count) suggest that correction or
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Fig. 4 Sex associates with a distinct haematopoietic modulation response in MDE patients.
Box plots depicting MCV (mean corpuscular volume), MCHC (mean corpuscular haemoglobin concentration), RDW (red cell distri-
bution width), and monocyte and basophil counts in MDE patients with or without SA (SA and noSA, respectively) compared with

healthy controls, stratified by sex. *p < 0.05, **p < 0.005 and ***p < 0.001. NS, not significant.

stratification should be done to study the haematological

component rigorously.

Our data highlight reduced monocytes and reduced MLR
as potential markers that separate SA from noSA MDE. A pos-

sible explanation of the reduced peripheral blood monocyte

counts and percentages in our cohort is the recruitment of
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activated monocytes to the central nervous system, becom-
ing active players in the described neuro-inflammation of
mood disorders (Weber et al., 2017).

We next assessed whether sex may condition a distinct
response regarding the identified haematopoietic modula-
tion in MDE patients. This is relevant, since many of the
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Table 4 Differences between the CBC vs CTQ/LTE ratios of patient groups, stratified by severity of MDE (SA/noSA) and sex,
and healthy controls were evaluated by the Mann-Whitney U test, and the False Discovery Rate (FDR, g value) is indicated.
Variables with significant differences are highlighted in bold. Ratios show the relationship between the means of each patient
group and the healthy controls for each haematological parameter. MDE: Major Depressive Episode; SA: Suicide attempt; noSA: No
suicide attempt; WBC: white blood cell count; RBC: red blood cell count; MCV: mean corpuscular volume; MCH: mean corpuscular
haemoglobin; MCHC: mean corpuscular haemoglobin concentration; RDW: red blood cell distribution width; MPV: mean platelet
volume; NLR; neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

Global Male Female

cTQ LTE cTQ LTE cTQ LTE

q Ratio ¢ Ratio ¢ Ratio g Ratio ¢ Ratio g Ratio
WBC (103/uL) 0.943 0.288 0.841 1 0.802 0.305
RBC (106/pL) 0.460 0.108 0.740 1 0.802 0.022 0.631
Haemoglobin (g/dL) 0.460 0.108 0.662 1 0.802 0.026 0.630
Haematocrit (%) 0.460 0.108 0.662 1 0.802 0.022 0.633
MCV (fL) 0.460 0.117 0.662 1 0.802 0.022 0.642
MCH (pg) 0.623 0.136 0.797 1 0.802 0.022 0.644
MCHC (g/dL) 0.460 0.127 0.662 1 0.802 0.022 0.645
RDW (%) 0.491 0.108 0.662 1 0.802 0.024 0.641
Neutrophils (103/uL) 0.623 0.219 0.797 1 0.802 0.118
Lymphocytes (103/uL)  0.460 0.063 0.662 1 0.802 0.011  0.565
Monocytes (103/uL) 0.219 0.063 0.662 1 0.802 0.011  0.587
Eosinophils (103/pL) 0.797 0.621 0.810 1 0.872 0.591
Basophils (103/pL) 0.623 0.244 0.797 1 0.802 0.157
Platelets (103/pL) 0.797 0.621 0.882 1 0.802 0.592
MPV (fL) 0.623 0.127 0.662 1 0.915 0.090
NLR 0.623 0.159 0.662 1 0.991 0.283
PLR 0.943 0.987 0.797 1 0.802 0.831
MLR 0.943 0.521 0.797 1 0.872 0.540

symptoms associated with mood disorders suggest an au-
toimmune background, and women have a higher preva-
lence of autoimmune disorders (Rainville and Hodes, 2019).
Sex-related differences in levels of inflammation markers
have been previously reported (Majd et al., 2018). Indeed,
we observed that changes were more pronounced in women
versus men, and some of the variables followed a differ-
ent pattern. Our analyses suggest that MDE females are
prone to develop a cumulative increase in haematological
changes, which indicate or are associated with systemic in-
flammation. The increase in MCV could be a reflection of
haematopoietic imbalance due to a consolidated systemic
immune response, which induces haematopoietic produc-
tion compensation shifts at the expense of RBC production.
On the other hand, our data suggest that MDE males have
reduced haematopoietic alterations compared to MDE fe-
males, with signs of mild ineffective erythroid production
(extrapolated from RDW values) and mild signs of systemic
inflammation in association with SA.

Next, we evaluated whether the identified haematopoi-
etic imbalance in MDE associates with early or late stres-
sors, as there is a long-standing debate about how trau-
matic events in childhood may confer vulnerability to SB in
MDE patients (Liu et al., 2017; Nelson et al., 2017). Inter-
estingly, despite not finding an association of CTQ or LTE
with MDE regardless of the presence of SA, we observed
an association of alterations in haematopoietic parameters

with the LTE score in females only. All these results suggest
that stressors during adulthood seem to be a major factor
contributing to the severity of the haematopoietic modula-
tion observed in MDE patients, which associates with SA in
females.

The study was performed in Caucasians, which limits
the extrapolation of our observations to other ethnicities.
However, our MDE cohort excluded individuals with severe
chronic illness and those treated with anti-inflammatory
drugs, to prevent confounders in the analysis. In addition,
we performed the analysis on MDE patients and evaluated
the impact of changes and correlations of haematologi-
cal parameters versus a healthy control group, which adds
power to the clinical significance of the haematopoietic
modulation of interest. However, this study is of exploratory
nature, and the cross-sectional design and reduced N of the
cohort may compromise our conclusions. Along this line, we
did not see a significant increase in the NLR in MDE SA pa-
tients (although there was a tendency), while the MLR was
significantly reduced in concurrence with SA. We recently
postulated NLR as a biomarker of suicidal behaviour, how-
ever in a much larger cohort (Velasco et al., 2020).

We conclude from our observations that grades of
haematopoietic modulation in MDE patients associate
with co-occurrence of suicide attempts. Interestingly,
haematopoietic manifestations differed between men and
women and were markedly influenced by late but notearly
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Fig. 5 Stressors and sex association with haematopoietic modulation in MDE patients.

Box plots depicting ratios of CBC parameters vs LTE scores are depicted, stratified by sex. In the upper half of the figure, the
ratios calculated with red blood cell lineage parameters are depicted, and in the bottom, those calculated with white blood cell
parameters are depicted. *p < 0.05. NS, not significant.

traumatic events exclusively in females. We hypothesise ing a mathematical model of CBC variables, in combination

that haematopoietic imbalance could be an underlying ba- with molecular and cell biology studies.

sis for systemic changes, including those affecting the im-

mune response and inflammation. How these haematologi- . .

cal arms regulate each other in the context of mood disor- ~ Conflict of interest

ders remains to be elucidated, a question that we will pur-

sue by studying larger independent cohorts and implement- All authors declare no conflict of interest relative to this
study.
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Resumen: Inflammatory biomarkers are reportedly increased in depressed patients. Several
studies have been conducted using neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR), and monocyte/lymphocyte ratio (MLR). The objective of
this systematic review was to study the relationship between these peripheral biomarkers
and suicidality in depressed patients with/without suicidal behavior, including suicide
attempts and ideation, and healthy controls. Methods: We searched the following relevant
terms in the PubMed, Web of Science, and Scopus databases published in the last five
years. We assessed the methodological quality of included studies using the Oxford criteria
and reviewed the evidence following PRISMA guidelines. Results: Eleven studies were
retained for the data synthesis, with a total sample of 1,701 participants, of which the
majority (819) were patients with depression and suicidal behavior, 494 were depressed
patients without suicidal behavior, and only 388 were healthy participants. Our results
reinforce the idea that NLR could be an attractive, convenient, and cost-effective trait
marker of suicidal vulnerability in patients with major depressive disorder (MDD).
Conclusion: Future large-scale replication studies are needed to examine the apparently

understudied role of PLR and MLR in depressed patients in greater depth.
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Abstract

Background: Inflammatory biomarkers are reportedly increased in depressed patients. Several studies
have been conducted using neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), and
monocyte/lymphocyte ratio (MLR). The objective of this systematic review was to study the
relationship between these peripheral biomarkers and suicidality in depressed patients with/without

suicidal behavior, including suicide attempts and ideation, and healthy controls.

Methods: We searched the following relevant terms in the PubMed, Web of Science, and Scopus
databases published in the last five years. We assessed the methodological quality of included studies

using the Oxford criteria and reviewed the evidence following PRISMA guidelines.

Results: Eleven studies were retained for the data synthesis, with a total sample of 1,701 participants,
of which the majority (819) were patients with depression and suicidal behavior, 494 were depressed
patients without suicidal behavior, and only 388 were healthy participants. Our results reinforce the
idea that NLR could be an attractive, convenient, and cost-effective trait marker of suicidal

vulnerability in patients with major depressive disorder (MDD).

Conclusion: Future large-scale replication studies are needed to examine the apparently understudied

role of PLR and MLR in depressed patients in greater depth.

Keywords: Neutrophil/lymphocyte ratio; Platelet/lymphocyte ratio; Monocyte/lymphocyte ratio;

Suicidal behavior; Depression
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1. Introduction

Suicidal behavior (SB) is a serious public health concern. More than 700,000 people die by
suicide every year, representing one death every 40 seconds on average (1). Factors
contributing to increased risk of suicidal behaviors are diverse and complex, but
epidemiological studies indicate that the vast majority of attempted and completed suicides
occur in people with mental disorders with mood disorders being the most frequently

associated with SB (2,3).

Understanding the pathophysiology of suicide is still a long-term goal. The evidence
increasingly indicates a possible role of the immune-inflammatory response in the
development and maintenance of depression and SB (4). Inflammation has been associated
with increased risk of suicidal behaviors above and beyond the risk associated with depression
(5). Neuroinflammatory processes are a pathophysiological mechanism that is essential for
understanding SB in depressed patients. To explain the role of the immune system in the
pathophysiology of suicide, a comprehensive model has been proposed. In this model, sleep
disturbances, stress, childhood abuse, and infections induce dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis that is associated with a chronic low-grade
inflammatory state and increased risk of suicidal behaviors (6). It has therefore been
suggested that inflammatory biomarkers are potentially useful in predicting and monitoring

suicide risk in patients with depression (7).

Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-
lymphocyte ratio (MLR) indexes are convenient and cost-effective blood indicators of

inflammatory status (8).

NLR is the most studied hematological parameter (9). Neutrophils are the first defense cells of

the innate immune system, representing an active nonspecific inflammatory mediator of
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phagocytosis and apoptosis functions (10), and lymphocytes represent the regulatory or
protective component of the immune system (11,12,13). NLR is the ratio between two
different immune pathways reflecting the intensity of chronic stress. It may be more
informative and perhaps less changed by unknown factors. PLR index is related to stress. The
presence of stress activates the sympathetic nervous system, increases platelets, and induces
endothelial permeability. When this permeability occurs, neutrophils and macrophages
appear, generating peripheral inflammation (14). Some studies suggest that PLR could be a
better predictor than NLR for determining the severity of inflammation (15,16). An elevated
level of MLR is associated with an overexpression of immunological genes that increases the
production of cytokines related to monocytes and, as a consequence, activates microglia in the

brain, causing neuroinflammation (14).

These indexes have been suggested as new indicators of low-grade inflammation and have
been used as systemic inflammation prognostic scores in diseases such as cancer, coronary
heart disease, and pancreatitis (17) and are also being investigated in neuropsychiatric
disorders such as Alzheimer’s disease, schizophrenia, bipolar disorder, and major depressive
disorder (MDD) (11,18). Recently, a meta-analysis (18) reported that inflammatory activation
occurs in mood disorders and that NLR and PLR may be useful to detect this activation. NLR
has been found to increase in depressed patients compared with healthy controls (HC) (15,19)
and in depressed patients with SB. Moreover, studies have suggested that NLR may be a
significant predictor of SB in MDD (4,20) and could be more elevated in patients with recent
Suicide Attempt (SA) (21). In parallel, increased PLR levels have also been associated with
diagnosis and severity of depression (15,22). Finally, MLR was significantly higher in

adolescents with SA than in HC (23).

However, potential mechanisms underlying inflammatory processes in depression and

suicidal behavior have yet to be fully elucidated. Biomarkers would provide more
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personalized methods for their assessment and treatment and would help to enhance our
understanding of suicidal pathophysiology and improve prevention (24). No previous reviews
have examined NLR, PLR, and MLR in depressed patients with/without SA and Suicidal
Ideation (SI) and HC. Therefore, we aimed to explore if there are significant differences in
NLR, PLR, and MLR in i) depressed patients with or without a lifetime history of SA; ii)
depressed patients with a lifetime history of SA vs healthy controls; and iii) depressed patients

with S| before and after treatment.

2. Materials and methods

A systematic literature search was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) Statement (25). The protocol was
registered with the International Prospective Register of Systematic Reviews (PROSPERO)

(CRD42022361238).

2.1. Search criteria

We systematically searched PubMed, Web of Science, and Scopus databases in September

2022. A single search strategy has been used for each of the databases:

Studies of neutrophil-to-lymphocyte ratio were systematically searched using the terms
“(NLR OR neutrophil-to-lymphocyte ratio OR neutrophil-to-lymphocyte index OR
neutrophil-to-lymphocyte rate OR neutrophil to lymphocyte ratio OR neutrophil to
lymphocyte index OR neutrophil to lymphocyte rate OR neutrophil lymphocyte ratio OR
neutrophil lymphocyte index OR neutrophil lymphocyte rate OR neutrophil/lymphocyte ratio
OR neutrophil/lymphocyte index OR neutrophil/lymphocyte rate) AND (depressive disorder
OR depressive disorders OR depression OR mood disorder OR mood disorders OR major
depression) AND (suicide OR suicidal behavior OR suicide attempt OR suicidal thoughts OR

self-mutilation).”
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In the same way, studies of platelet-to-lymphocyte ratio were systematically searched using
the terms “(PLR OR platelet-to-lymphocyte ratio OR platelet-to-lymphocyte index OR
platelet-to-lymphocyte rate OR platelet to lymphocyte ratio OR platelet to lymphocyte index
OR platelet to lymphocyte rate OR platelet lymphocyte ratio OR platelet lymphocyte index
OR platelet lymphocyte rate OR platelet/lymphocyte ratio OR platelet/lymphocyte index OR
platelet/lymphocyte rate) AND (depressive disorder OR depressive disorders OR depression
OR mood disorder OR mood disorders OR major depression) AND (suicide OR suicidal

behavior OR suicidal attempt OR suicidal thoughts OR self-mutilation).”

Finally, studies of monocyte-to-lymphocyte ratio were systematically searched using the
terms “(MLR OR monocyte-to-lymphocyte ratio OR monocyte-to-lymphocyte index OR
monocyte-to-lymphocyte rate OR monocyte to lymphocyte ratio OR monocyte to lymphocyte
index OR monocyte to lymphocyte rate OR monocyte lymphocyte ratio OR monocyte
lymphocyte index OR monocyte lymphocyte rate OR monocyte/lymphocyte ratio OR
monocyte/lymphocyte index OR monocyte/lymphocyte rate) AND (depressive disorder OR
depressive disorders OR depression OR mood disorder OR mood disorders OR major
depression) AND (suicide OR suicidal behavior OR suicidal attempt OR suicidal thoughts OR

self-mutilation).”

We reviewed titles and abstracts to select potentially relevant papers. After this screening
process, we reviewed the full texts and checked the references in the included studies, meta-
analyses, and systematic reviews to identify additional studies. Some data was extracted from

previous meta-analyses and systematic reviews.

2.2. Eligibility criteria

Case-control studies and cross-sectional data from longitudinal studies that compared NLR,

PLR, and/or MLR indexes among depressed patients with SB, depressed patients without SB,
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and healthy controls were included, based on the following criteria: (i) patients with MDD
according to standardized diagnostic criteria; (ii) measurement of NLR, PLR, and/or MLR in
young people and adults; (iii) patients with current SI and history of SB. Only articles in
English published in the last 5 years were included. Conference and meeting abstracts, meta-

analyses, reviews, and pilot studies were excluded (see Supplementary Table).

2.3. Data extraction and assessment of methodological quality

Data were extracted by two independent authors (A.V. and P.A.S.) and verified by the other
two (J.R. and L.J.). Extracted data included author, year of publication, country, diagnosis,
study population, sample size, age, ratios of females, depression and suicide scales, type of
outcome (SI/SA), and type and quality of the study. Results were ordered according to
indexes (Table 1). The methodological quality of the included studies was assessed using the
Oxford criteria (26). Only medium- and high-quality papers were included in the final review.

Any disagreements between reviewers were resolved by discussion and consensus.

3. Results

3.1. Study selection and characteristics

A total of 86 studies were identified from electronic databases and, after removing duplicates,
there were 37 single records to be screened. After reading titles and abstracts, we identified 21
full-text articles to be assessed for eligibility but excluded 10 studies after the full text was

read (the inclusion and exclusion process is depicted in Figure 1). Of those, 11 studies met the

inclusion and quality criteria and were selected for this review.

A total of 10 papers were rejected for the following reasons: (i) type of article (review, letter,
meeting abstract): 2 articles were meeting abstracts and 2 articles were letters to the editor; (ii)

2 articles did not include a study of suicidal behavior, 2 articles did not specify depressed
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patients, and 1 study included parameters of peripheral inflammation other than NLR, PLR,

and MLR; and (iii)1 article was published in the Turkish language (see Supplementary Table).

All included studies were published between August 2017 and September 2022. Five studies
were conducted in Turkey (8,20,27-29), one in India (30), two in Spain (4,31), one in Sweden

(32), one in Israel (33), and one in Thailand (9).

The 11 records included in the review yielded a total sample of 1,701 participants, of which
819 were patients with MDD and suicidal behavior (including current SI and lifetime SA),

494 were control patients (MDD without SB), and 388 were healthy controls.

We included data from (i) six studies of NLR, PLR, and/or MLR in depressed patients with or
without SB (4,20,27,31-33); (ii) six studies of NLR, PLR, and/or MLR in depressed patients
with SB vs HC (9,20,28,29,31,32); (iii) two studies of NLR in depressed patients with Sl
before (with or without monotherapy 4 weeks prior) and after pharmacotherapy (2 to 12

weeks after treatment), one of which also explored PLR (8,30), respectively (Table 1).

3.2. Patients with major depressive disorder with or without suicidal behavior

In three studies with patients with moderate to severe depression, NLR was reported to be
higher in suicide attempters compared with depressed patients without a history of SA
(4,20,33). NLR could be potentially used as a biomarker to predict recent and past SA (4).
However, these results were not confirmed in other studies. First, in two studies there was a
(non-significant) tendency towards an increase in NLR in patients with a history of SA vs
without any (27,31). One study examining the association between current SI and NLR in
patients with MDD found no differences between patients with and without current SI in NLR

(32) (Table 2).
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Regarding the PLR index in patients with MDD, two studies reported PLR to be higher in
patients with a history of SA vs those without any (4,33). Conversely, this difference was not

observed in three other studies (20,27,31) (Table 2).

Finally, only two studies explored the MLR index in relation to SB in MDD, with no reported
statistically significant differences between depressed patients with and without SB (4,31)

(Table 2)..

3.3. Patients with major depressive disorder and suicidal behavior vs healthy controls

In three studies, NLR was reported to be higher in depressed patients with a history of SA vs
HC (9,20,28). However, three other studies reported no statistically significant differences

(29,31,32) (Table 3).

Regarding the PLR index, two studies reported that PLR was higher in depressed patients
(including SA, Sl and nSI) vs HC (28,23). Conversely, in two studies, this difference was not

observed (20,31) (Table 3).

MLR was investigated in only two out of six studies, with inconsistent results. MLR was
reported to be higher in depressed patients with SA vs HC (9). However, MLR was reported

to be decreased in depressed patients with SB vs HC (31) (Table 3).

3.4. Depressed patients with suicidal ideation before and after treatment for depression

There were two studies that evaluated NLR before and after antidepressant treatment. First,
Demirkol et al. (2019) studied depressed patients (n = 74) with monotherapy four weeks
before treatment and found a decrease in NLR during and after treatment with antidepressant
therapy (AD) and bright light therapy (BLT), with a greater decrease compared with AD
monotherapy [NLR mean (SD) = 2.31(1.05) pretreatment vs 2.25 (0.96) after treatment vs 1.9

(0.9) 2 weeks after treatment; p < 0.001]. In addition, HDRS scores and Sl were also
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significantly decreased after treatment [HDRS mean (SD) = 20.69 (4.21) pretreatment vs
16.69 (5.96) after treatment vs 15.14 (5.33) 2 weeks after treatment; p < 0.001; and SI median
(Q1-Q3): 5 (3-10) pretreatment vs 5 (1-9) after treatment vs 3.5 (0-7) 2 weeks after treatment;
p < 0.001] (8). However, in a sample of 50 depressed patients without antidepressant
treatment the previous month, Adhikari et al. (2018) found a significant increase in NLR after
12 weeks of antidepressant treatment only in females [NLR mean in females (SD) = 2.55

(0.87) pretreatment vs 2.85 (0.89) 12 weeks after treatment; p < 0.001] (30).

Regarding PLR, only one study examined PLR levels in depressed patients with SI before and
after treatment and concluded there was no significant change in PLR during AD treatment
[PLR mean (SD) = 118.61 (39.01) pretreatment vs 118.16 (40.57) after treatment vs 117.96

(40.82) 2 weeks after treatment; p = 0.985] (8).

None of the studies included MLR.

4. Discussion

SB is a leading cause of death and disability worldwide (34). Detecting and identifying
potential biomarkers of peripheral inflammation in suicidal behavior has the potential to
provide the knowledge needed to understand the pathophysiology of SB, develop
personalized therapies, and improve prevention. To date, this is the first review that has
examined NLR, PLR, and MLR in depressed patients with and without SA and current Sl

versus healthy controls.

NLR, PLR, and MLR indexes emerge as relatively stable biomarkers of systemic
inflammation (35), which, in turn, is cost-effective and easily accessible. Perhaps, for this
reason, most of the studies included in this systematic review were conducted in low-income
countries, which seem to be interested in this option given the potential value for clinical

application.
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According to our review, in depressed patients, NLR was higher in patients with a history of
SA, suggesting that, if confirmed in larger studies, it could be a biomarker of suicidal
vulnerability in these patients. Although this result was not observed in all studies, in the
majority there was a tendency for increased NLR. To the best of our knowledge, only one
study that examined the differences in patients with and without Sl did not find this
association (32). However, it has been previously suggested that SA and Sl are different
phenomena with different explanations and predictors (36), and it seems that the relationship
between the increase in NLR and suicidality occurs only in SA and not in SI (32). In
addition, NLR was higher in depressed patients with SA vs HC. However, these differences
were not observed in depressed patients with SI vs HC. Mounting evidence indicates that
activation of the immune-inflammatory response is linked to the development and

maintenance of depression and SB (4,7,18).

Some studies suggest that PLR could be a better predictor than NLR for determining the
severity of inflammation (15,16). Our review shows inconsistent results regarding PLR in
MDD patients (including SB). However, when compared with HC, the difference in the PLR
index is observed more clearly in depressed patients. This phenomenon might be explained by
the fact that platelets are one of the first cells to start an inflammatory cascade (cytokines,
chemokines, the serotonin pathway), and patients with depression had a loss of equilibrium in

hematopoietic production, resulting in an imbalance or distress in modulation (31).

The present review found no evidence for the link between MLR and SB in depressed

patients, in contrast to some studies than showed MLR was higher in the manic episodes of
bipolar disorder compared with euthymic states (37). However, despite not being related to
suicidal behavior, high MLR in young people appears to be associated with self-harm when

compared with young people without this behavior (14).
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Finally, discrepant, and limited results were found regarding SI changes and inflammatory
indexes following antidepressant treatment. These results may indicate that: (i) not all
depressed patients show changes in inflammatory response (30); (ii) the mechanisms
underlying the relationship between inflammation and suicide are still unclear (38): and (iii) it
has not been determined whether inflammation is a causative factor or a consequence of
depression (11). However, we also need to keep in mind that inflammatory response is
influenced by multiple factors, such as body mass index, use of tobacco and other
psychoactive substances, duration and severity of illness, resistance to antidepressant
treatment, other psychiatric comorbidities, unbalanced diet, lack of exercise, and stress or

traumatic life events in childhood or adulthood (30,31,39).

5. Limitations

First, our results are mostly based on cross-sectional studies, and a causal relationship
between NLR and Sl and SB in patients with MDD cannot be inferred. Second, other
inflammatory parameters were not assessed in the review, precluding us from concluding
whether increased NLR is an independent biomarker or is related to other immune and
inflammatory changes in depressed patients. Third, the studies included in the systematic
review are very heterogeneous (i.e., sample characteristics, small sample sizes, recruitment,
and assessment of depression and suicidality), and therefore results remain preliminary and
cannot be generalized to any specific population. Finally, due to the small number and small
scale of studies included, we cannot exclude publication and reporting bias in those studies,

possibly biasing the results of the systematic review.

6. Conclusion

In conclusion, the present review found preliminary evidence for an association between NLR

and SB in patients with MDD. Our results reinforce the idea that neuroinflammatory
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processes may be important in the pathophysiology of suicidal behavior in depressed patients.
NLR could be an attractive, convenient, and cost-effective trait marker of suicidal
vulnerability in patients with MDD. Future large-scale replication studies are needed to
confirm the observed associations and to examine the apparently understudied role of PLR

and MLR in depressed patients in greater depth.
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5. Discusién

El suicidio es un problema de salud pablica mundial, ya que, a pesar de ser una
muerte evitable, una persona muere por suicidio cada 40 segundos en el mundo. La
propia complejidad del comportamiento suicida, la falta de uniformidad en su
definicion, la heterogeneidad en su evaluacion, asi como la falta de especificidad en los
factores asociados a dicho comportamiento, pone de relieve la inmensa problematica a
la hora de buscar marcadores Utiles que permitan identificar, clasificar, predecir y
evaluar, el riesgo inminente de suicidio con el fin de disminuir, indirectamente, el
namero de suicidios en el mundo.

La presente Tesis Doctoral tiene como objetivo la formulacion del riesgo de
suicidio en pacientes con depresion a través del uso de los marcadores periféricos
inflamatorios accesibles y coste-efectivos.

Con la finalidad de facilitar al lector la lectura y comprension de la discusion de
los diferentes resultados obtenidos, se procedera a exponer dichos resultados agrupados

de acuerdo con los objetivos planteados en la presente Tesis Doctoral.

5.1. Discusion por objetivos

Objetivo 1

Determinar la utilidad de determinados marcadores periféricos de inflamacion Indice
Neutréfilo/Linfocito (INL), Indice Plaqueta/Linfocito (IPL), e Indice
Monocito/Linfocito (IML) en la prediccion del comportamiento suicida en pacientes

con diagnostico de depresion mayor.
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El primer objetivo de la presente Tesis Doctoral es abordado en el primer
articulo, en donde se comparan pacientes con TDM y TS reciente (en la tltima semana);
pacientes con TDM vy antecedentes de TS a lo largo de la vida; y pacientes con TDM sin
antecedentes de TS, con el fin de determinar si los indices periféricos de inflamacion,
INL, IPL e IML, son utiles para diferenciar dichas poblaciones.

Sefialar que, los indices periféricos de inflamacién, INL, IPL e IML, emergen
como posibles indicadores de inflamacion sistémica, coste-efectivos y facilmente
accesibles, capaces de predecir, ante situaciones de emergencia o en la préctica clinica
habitual, de forma rapida la presencia de vulnerabilidad suicida.

Los neutréfilos constituyen la primera linea de defensa del sistema inmune
innato, por tanto, ante una amenaza desencadena una respuesta inflamatoria inespecifica
que provoca a nivel celular apoptosis o fagocitosis (Rungelrath et al., 2020). Por otro
lado, los linfocitos son quienes regular la respuesta de defensa del sistema inmune
adaptativo (Chaplin, 2010). De este modo, el INL, es la ratio que se obtiene al combinar
ambas vias de respuesta inmunitaria, proporcionando menos variabilidad y siendo méas
informativo que otros marcadores inflamatorios como pueden ser la Proteina C Reactiva
(PCR) o el perfil lipidico (Ekinci & Ekinci, 2017).

El IPL esta relacionado con el estrés. La presencia de estrés activa el sistema
nervioso simpatico, las plaquetas aumentan y se produce permeabilidad endotelial.
Cuando la fuga de los vasos sanguineos a los tejidos ocurre, los neutréfilos y los
macrofagos aparecen, generando asi inflamacién periférica (Zheng et al., 2022).

El IML se ha asociado a la sobreexpresion genética que influye en la activacion
y diferenciacion de las células inmunitarias, generando citoquinas, relacionadas con los
monocitos, y consecuentemente, microglia, encargada de causar neuroinflamacion

(Zheng et al., 2022).
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El principal hallazgo de este estudio es que los pacientes con depresion mayor y
antecedentes de tentativa suicida presentan un incremento en el INL en comparacion
con sus iguales sin dichos antecedentes. De este modo, el INL podria establecerse como
marcador de riesgo de la conducta suicida en pacientes con depresion mayor.

IPL e IML no resultan significativos en nuestro trabajo de investigacion. La
relacion entre IPL y suicidio aln no esta esclarecida ya que encontramos resultados
contradictorios. Por un lado, se considera que IPL es mejor marcador de la gravedad de
la depresion, por ejemplo, en presencia de sintomas psicéticos (Kayhan et al., 2017),
mientras que otros sefialan que, en otras areas médicas, IPL es mejor predictor de
inflamacién que INL (Turkmen et al., 2013), lo que encaja con su propia definicion, ya
que IPL se relaciona con el estrés, causando inflamacion, pero no parece ser una
respuesta especifica de comportamiento suicida. Del mismo modo sucede con el IML,
donde no existen hasta la fecha resultados concluyentes. Si bien es cierto, en jovenes
con autolesiones no suicidas, se ha descrito que existe un incremento en IML y en IPL,
pero no en INL (Zheng et al., 2022), lo que nos hace pensar que INL podria ser un
marcador (til de tentativa suicida, mientras que IPL e IML serian sefial de inflamacion
sistémica sin necesidad del desenlace hacia una conducta suicida, entendiendo dicho
comportamiento como un continuum, es decir, como diferentes fendmenos con
diferentes explicaciones y predictores (Galfalvy et al., 2015).

Por lo tanto, tal y como se hipotetiz6, parece ser que la neuroinflamacion tiene
un papel determinante en la conducta suicida. Concretamente, son los pacientes con
depresién mayor e historia previa de tentativa suicida quienes muestran un incremento
en los neutréfilos y una disminucion en los niveles de linfocitos.

Estudios previos confirman los resultados obtenidos en nuestro trabajo de

investigacion, ya que anteriormente, el INL ya se habia sugerido como marcador de
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vulnerabilidad suicida en quienes presentan antecedentes de tentativa suicida y
depresién (Ekinci & Ekinci, 2017). Ademas, estos hallazgos no sélo se encuentran en
poblacion adulta, si no que ya en nifios y adolescentes, con depresiéon y ansiedad,
también aparece como biomarcador Util de tendencias suicidas, siendo mejor predictor
de intento de suicidio que IPL (Amitai et al., 2022).

Cabe sefialar también que, en una muestra de pacientes que intento quitarse la
vida mediante intoxicacion medicamentosa, los valores de INL e IPL fueron
significativamente mas elevados en el ingreso hospitalario que al alta médica (Mustafa
et al., 2022). Todo ello nos hace pensar, que el estado inflamatorio podria subyacer al
incremento de la respuesta inmune que observamos en el sistema nervioso central,
contribuyendo asi, junto con mas variables, a la vulnerabilidad de la conducta suicida en
pacientes con depresion mayor.

Finalmente, y recordando la utilidad clinica de estos indices en situaciones de
rapido abordaje, nuestro trabajo de investigacion es el primero que establece un punto
de corte optimo para INL, priorizando la sensibilidad (75%), frente a la especificidad
(35%), ya que ante esa situacién resulta imprescindible ser sensible, estableciendo el
punto de corte en 1,30. Hasta la fecha, el Gnico punto de corte propuesto para INL fue
descrito en el 2018 (Orum et al., 2018), con el fin de diferenciar la tentativa suicida

violenta versus no violenta, situdndose en 2,22.
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Objetivo 2

Determinar la existencia de posibles diferencias en los parametros hematopoyéticos de
pacientes con depresion mayor, con y sin antecedentes de tentativa suicida, en

comparacion con personas sanas.

Obijetivos secundarios

a. Analizar la posible existencia de estrés hematopoyético asociado a los
antecedentes de tentativa suicida en pacientes con depresion mayor.

b. Establecer si existen diferencias en la respuesta de estrés hematopoyético en
funcion del sexo.

c. Examinar la relacion entre la exposicion a acontecimientos vitales estresantes

proximales y distales y el estrés hematopoyético.

El segundo objetivo se ha abordado en el segundo articulo de la presente Tesis
Doctoral. En él, se estudia si existe estrés hematopoyético, subyacente a los procesos
inflamatorios en una muestra de pacientes con TDM (con/sin antecedentes de TS) y
controles sanos, de forma que posibiliten establecer patrones clinicos y bioldgicos en
dicha poblacion.

Se entiende por hematopoyesis al proceso por el cual todas las células de la
sangre e inmunes, residentes de tejido, son producidas a partir de células madre
hematopoyéticas de la médula dsea. Esta produccién es regulada de forma que se
garantice una produccion homeostatica, que se traduce en un hemograma normal. Sin
embargo, las lineas de produccidén hematopoyeética se interrelacionan entre si, de modo
que, si la produccién de una de ellas se ve alterada, como por ejemplo por un estresor

como podria ser una infeccion, las otras también lo harian. Esto es lo que conocemos
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como estrés hematopoyético. Es decir, que el balance de produccion normal se ve
alterado debido a la demanda fisiol6gica subyacente.

El principal hallazgo de este estudio es que, en comparacion con los
participantes sanos, los pacientes con depresion mayor (con/sin TS), muestran
alteraciones en los parametros hematoldgicos que confirman la presencia de inflamacion
y, por tanto, de estrés hematopoyético. Los cambios encontrados entre ambas muestras
sugieren un cambio incipiente que favorece el linaje de glébulos blancos a expensas de
la produccion del linaje de glébulos rojos. Ademaés, el equilibro de produccion
hematopoyética mostré la desaparicion de muchas correlaciones y la aparicion de
correlaciones de novo. De este modo, el estrés hematopoyético observado en pacientes
con depresion mayor, con/sin TS, va mas alla del estado inflamatorio previamente
descrito (Courtet et al., 2016; Orum et al., 2018; Velasco et al., 2020). Todos estos
cambios fueron mas pronunciados en pacientes con TDM y TS, y mas pronunciados en
el sexo femenino en comparacién los hombres.

Las diferencias, en funcion del sexo, en los marcadores de inflamacién ya se han
descrito previamente (Majd et al., 2018). En las mujeres, los cambios sugieren la
presencia de inflamacién sistémica, con un incremento en el IML y una reduccion del
linaje de glébulos rojos, de forma que, la produccién hematopoyética se ve desregulada
debido a una respuesta inmune consolidada. Esto resuelta de especial interés, ya que en
ocasiones los sintomas asociados a los trastornos del humor sugieren un antecedente
autoinmune y las mujeres, tienen una mayor prevalencia de trastornos autoinmunes
(Rainville & Hodes, 2019).

Finalmente, la relevancia de los factores estresantes en la infancia, pero no en la
edad adulta, parece ser un factor importante que contribuye a la gravedad del estrés

hematopoyético observado en pacientes con DM y TS. La exposicion a acontecimientos
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vitales estresantes distales es ya un hecho ampliamente aceptado (Serafini et al., 2015).
La edad de inicio del abuso, el tiempo de duracion de este y el tipo de abuso sufrido
durante la infancia (Zatti et al., 2017) se ha asociado previamente, no s6lo a un mayor
riesgo de padecer depresion (Ono et al., 2017), sino también a la gravedad de esta, asi

como al riesgo de suicidio (Dal Santo et al., 2020; Liu et al., 2017).

Objetivo 3

Revisar de modo sistematico si los marcadores periféricos de inflamacion previamente
mencionados, Indice Neutrofilo/Linfocito, Indice Plaqueta/Linfocito, e Indice
Monocito/Linfocito, son Gtiles para diferenciar: i) pacientes con depresién mayor con /
sin historia de TS; ii) pacientes con depresién mayor con historia de TS versus controles
sanos; y, iii) pacientes con depresion mayor con ideacion suicida antes y después de su

tratamiento.

El tercer objetivo de la presente Tesis Doctoral es abordado en el tercer articulo.
La deteccion e identificacion de marcadores periféricos inflamatorios, como son el INL,
IPL e IML, permitirian metodos més personalizados que facilitasen la evaluacion, el
tratamiento, y en este caso, un incremento en la capacidad predictiva de conducta
suicida.

El principal hallazgo de esta revision es que el INL aparece como un marcador
especifico de vulnerabilidad suicida en pacientes con depresion, lo cual confirma que
los procesos inflamatorios podrian ser relevantes en la patofisiologia de dicho
comportamiento en pacientes con depresion. Este hallazgo solo se asocia a la historia de
tentativa suicida previa, y no, a la ideacion suicida (Grudet et al., 2020). Todo ello

sostiene la hipdtesis de que la conducta suicida es un fendmeno diferente, a la ideacion
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suicida (Galfalvy et al., 2015), y que, por tanto, el comportamiento suicida ha de
entenderse como un continuum con diferentes explicaciones y diferentes factores de
riesgo en cada uno de sus estadios. Previamente se ha descrito que la depresién, el
dolor, la desesperanza y la impulsividad son factores que predicen la ideacion. Sin
embargo, estos tres rasgos no son especificos para diferenciar a quienes han intentado
quitarse la vida de quienes solo lo han considerado como una opcién de alivio del
malestar (Klonsky et al., 2016, 2018). Por el contrario, el acceso a los medios de
suicidio, la ausencia de miedo a la muerte, una mayor tolerancia al dolor fisico o la
exposicion al comportamiento suicida, son factores de riesgo que gobiernan la
transicion de la ideacion a la conducta suicida (O’Connor & Kirtley, 2018).

En el caso de IPL los resultados no parecen estar del todo claros en el grupo de
pacientes con depresion mayor y comportamiento suicida. Sin embargo, IPL si aparece
incrementado al comparar el grupo de depresion mayor (con/sin TS) con los controles
sanos. Ello sugiere que, los pacientes con depresion tienen un desbalance en la
produccién hematopoyética resultado de un estresor que dispara la respuesta de las
plaquetas como primera linea de defensa del sistema inmunitario, provocando una
respuesta inflamatoria donde se liberan citoquinas, y que finalmente, afecta a la via de la
serotonina (Courtet et al., 2016; Martinez-Botia et al., 2020). Por eso mismo, IPL es
considerado, en la literatura cientifica, un pardmetro de gravedad de la inflamacién
(Kayhan et al., 2017; Turkmen et al., 2013) y no parece ser, un marcador especifico de
comportamiento suicida.

Finalmente, no se ha encontrado evidencia de que IML este asociado a los
pacientes con depresion y comportamiento suicida. Unicamente se ha descrito una
reduccion en el conteo y en el porcentaje de monocitos en sangre periférica en pacientes

con depresion mayor, al compararse con controles sanos (Martinez-Botia et al., 2020).
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De modo que, si los monocitos, que influyen en la activacion y diferenciacion de las
células inmunitarias, se movilizan hacia SNC, pueden contribuir de un modo activo a la
neuroinflamacion descrita previamente en los trastornos del humor (Weber et al., 2017;
Zheng et al., 2022). Ademas, sélo en dos investigaciones se relata que dicho indice se
encuentra elevado en jovenes con trastornos del estado de animo que han intentado
realizar una conducta autolesiva, diferente del suicidio, frente a quienes no se
autolesionan (Zheng et al., 2022) y entre quienes presentan un episodio maniaco, al
compararse con pacientes eutimicos (Ozdin et al., 2017).

Atendiendo a la respuesta del tratamiento antidepresivo, en pacientes con
depresion e ideacidn suicida, los resultados son limitados y no concluyentes. En primer
lugar, es bien conocida la asociacion entre depresion, conducta suicida y
neuroinflamacién, pero sigue sin determinarse si la neuroinflamacion es una factor
causal o consecuente de la depresion y/o de la conducta suicida (Ozyurt & Binici, 2018;
Russell et al., 2021). Ademas, no todos los pacientes con depresion muestran cambios
en su respuesta inflamatoria (Adhikari et al., 2018). Por otro lado, no se debe de olvidar
que, la respuesta inflamatoria es inespecifica y que se ve influenciada por otros
maultiples factores, como el indice de masa corporal, el consumo de tabaco u otras
sustancias psicoactivas, dieta desequilibrada, alteraciones en el suefio, ausencia de
ejercicio fisico, otras enfermedades comorbidas, asi como, la duracion, el tratamiento y
el inicio de la enfermedad psiquiatrica (Adhikari et al., 2018; Del Giudice & Gangestad,

2018; Martinez-Botia et al., 2020; Velasco et al., 2020).
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5.2. Limitaciones y Fortalezas

El presente trabajo estima una serie de limitaciones y fortalezas que defino a
continuacion:

En el primer articulo, se reine una gran cohorte de participantes procedente de
dos centros independientes y de dos paises diferentes, pudiendo contribuir los resultados
a la generalizacion en poblaciones caucasicas. Ademas, cuenta con un grupo control, sin
antecedentes de TS, con las mismas caracteristicas clinicas que el grupo experimental,
lo que facilita la determinacion de parametros especificos de comportamiento suicida en
dicha poblacion.

Los resultados obtenidos han sido controlados por la edad, el sexo y la gravedad
de la depresion, definiendo un punto de corte con valor prondstico para el
comportamiento suicida. No obstante, cabe necesario sefialar que se trata de un estudio
transversal con resultados preliminares, haciendo necesaria a su vez, la realizacion de
estudios prospectivos que evallen y monitoricen dichos resultados a lo largo del tiempo.
Ademas, dadas las caracteristicas de los participantes, la recogida de la muestra ha sido
no probabilistica. Por otro lado, otras variables de confusién como son el consumo de
tabaco, los episodios depresivos previos, el tratamiento antidepresivo (incluyendo dosis
y tiempo de este) no se han tenido en cuenta para el presente trabajo.

Respecto del segundo trabajo, la cohorte de pacientes con depresion mayor
excluyd a aquellos con enfermedades cronicas graves y los tratados con
antinflamatorios, a fin de evitar factores de confusion en el estrés hematopoyético.
Ademas, al disponer de un grupo de donantes sanos, los resultados obtenidos agregan

poder al significado clinico de los cambios y las correlaciones en los parametros
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hematoldgicos encontrados. No obstante, se trata de un estudio transversal con
resultados preliminares, y de nuevo, la recogida de la muestra ha sido no probabilistica.
Finalmente, en el tercer trabajo de investigacion correspondiente a la revision
sistematica, los resultados obtenidos han de tomarse con cautela, ya que se basan en
estudios transversales tremendamente heterogéneos, tanto en las caracteristicas de la
muestra como en la evaluacién de la depresion y del comportamiento suicida. Ademas,
dado que el nimero de estudios incluidos es pequefio, no podemos excluir el sesgo de
publicacion de los estudios y, por tanto, no se puede inferir una relacién causal entre los
indices Neutrdfilo/Linfocito, Plaqueta/Linfocito y Monocito/Linfocito y tentativas o
ideaciones suicidas en pacientes con trastorno depresivo mayor. Tampoco han sido
tenidos en cuenta otros parametros inflamatorios o inmunoldgicos que podrian estar

afectando a dicha relacion.

5.3.  Futuras lineas de investigacion

Dada la heterogeneidad de la conducta suicida, su estudio ha de ser
multidisciplinar e integrativo con el fin de poder disefiar programas de intervencion y
prevencion eficaces.

Por otra parte, seria interesante que las futuras investigaciones fueran
encaminadas a profundizar la relacion entre neuroinflamacion y la conducta suicida, a
través de los marcadores de inflamacion periférica, asi como la produccion
hematopoyética. Lo que permitiria una pronta deteccion de riesgo suicida, asi como su
tratamiento, al considerase una posible diana terapéutica.

Podria ser interesante también, profundizar en el estudio de los informes clinicos

y en la autopsia psicolégica como métodos reconocidos y fiables que recogen datos
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clinicos y en donde se registran variables de riesgo suicida, dado que la mayor parte de
los datos en los que se basan los factores de riesgo proceden de poblaciones con intentos
de suicidio previos. De este modo, se nos permitiria extraer un protocolo de gestion de

la conducta suicida fiable y homogéneo.
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6. Conclusiones

1. La neuroinflamacion es un mecanismo esencial en la

etiopatogenia de la conducta suicida en personas con trastorno depresivo mayor.

2. La formulacién del riesgo de suicidio a través de los marcadores
periféricos de inflamacion es una herramienta valida y aplicable para establecer

patrones diferenciales en personas con trastorno depresivo mayor.

3. El Indice Neutrofilo-Linfocito es un marcador periférico de
inflamacion atil y diferencial de tentativa suicida en personas con trastorno

depresivo mayor con un punto de corte establecido en 1.30.

4. Las personas con trastorno depresivo mayor muestran un patron
hematopoyético diferencial que confirma la presencia de inflamacion al
compararse con poblacion sana. Dichas alteraciones muestran cambios que
favorecen el linaje de glébulos blancos a expensas de produccion del linaje de
gldbulos rojos. Estas diferencias son mas pronunciadas en mujeres, en quienes
han estado expuestos a experiencias adversas en la edad temprana y quienes

presentan antecedentes de comportamiento suicida.

5. El Indice Plaqueta-Linfocito y el Indice Monocito-Linfocito son

marcadores Utiles de inflamacion sistémica, pero no son diferenciales de

conducta suicida en personas con trastorno depresivo mayor.
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9. Anexos

9.1. Anexo |

DEL PRINCIFADO DE ASTURIAS Comité de Ftica de la Investigacion del g
Principado de Asturias j

C/ Colostino Vitamdl w/n

22008 -Oviedo

Tino 98510 79 27985 1080 28
e-malt coicr aatwriasiRica o

Oviedo, 15 de Julio de 2014

El Comité de Etica de la Investigacion del Principado de Asturias, ha revisado
el Proyecto n* 61/14, titulado: *FUNCIONAMIENTO NEUROPSICOLOGICO Y PERFIL
INFLAMATORIO EN EL COMPORTAMIENTO SUICIDA", Investigadora Principal Dra.

(Area de Universidad de Oviedo )

El Comité ha tomado el acuerdo de considerar que el citado proyecto redne las
condiciones éticas necesarias para poder realizarse y en consecuencia emite su
Autorizacion.

Le recuerdo que deberd guardarse la maxima confidencialidad de los datos
utilizados en este proyecto,
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9.2. Anexo Il

CONSENTIMIENTO INFORMADO
Hoja de Informacion al paciente

Funcionamiento neuropsicologico v perfil inflamatorio en el comportamiento
suicida

Investigador principal:

Nombre de 1a Organizacion:

Proposito de este estudio

La conducta snicida es una de las complicaciones mas graves asociadas al trastorno
depresivo uni v bipolar. Diversos estudios indican que la conducta suicida esta
determinada por mmltiples factores, entre ellos, variables de indole neuropsicologica,
social v genefica. A pesar de los esfuerzos de muchos investigadores este tipo de
conductas es todavia nuy dificil de predecir dada su compleja naturaleza. Por ello hemos
miciado esta investigacion que pretende estudiar algunas de las caracteristicas
neuropsicologicas de los pacientes que realizan comportamientos suicidas v los que
estarian en riesgo de su comision con la esperanza de que nuestros hallazgos, junto a los
de otros equipos de investigacion que estan trabajando en el mismo sentido, ayuden a
disefiar herramientas que permitan detectar lo mas precozmente posible pacientes con un
riesgo elevado de presentar conductas suicidas.

Mediante este documento lo que solicitamos es su colaboracion en esta
mvestigacion. v para ello debemos realizar una serie de pruebas, que en mingin momento

SUpOnen riesgo para su salud:

* Una entrevista clinica para deternunar su estado de salud.
* Una evaluacion nevropsicologica para determinar su funcionamiento cognitivo.

* TUna extraccion de sangre para valoracion de parametros inflamatorios
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Los datos que se obtengan de las evaluaciones realizadas seran archivados en bases
de datos anomimas ¥ el fratamiento de los datos de caracter personal se ajustara a lo
dispuesto en la Lev Organica 15/1999, de 13 de diciembre de proteccidn de datos de
caracter personal 5Su infinudad quedara salvagpardada en todo momento. v su nombre o
el de sus fanuliares no apareceran en ningin fipo de comunicacion. Por otro lado, los
resultados de esta investigacion unicamente serdn utilizados para el mejor conocinyento
del comportamiento suicida.

La informacién que se obtenga de los analisis realizados le sera commumicada cuando
sea importante para su salud. 51 se tratase de informacion no relevante para su salud, usted
decidira si quiere o no que se le conmmique. En todo momento, usted tendra derecho al
acceso a los datos que se obtengan de las evaluaciones realizadas. Para ejercer dicho
derecho debera solicitarlo al médico responsable de su tratanuento.

Su colaboracion es totalmente voluntaria, pudiendo abandonar el estudio en
cualquier momento o decidiendo no participar en el

Su colaboracidn es totalmente voluntaria. 51 tiene alguna duda sobre lo que acaba
de leer o sobre cualquier oiro aspecto de esta investigacion antes de firmar esta hoja de

consentimiento informado, puede preguntarsela en cualquier momento a su médico:
Nombre:
Direccion / sefias:
Teléfono contacto:

e-mail:

133



Haoja de Consentimiento Informado

Entiendo que el estudio “Tuncionamiento neuropsicologico v perfil inflamatorio
periferico en el comportamiento swicida™ en el que participo es una investigacion para
mejorar €l estado actual del conocimiento sobre las bases clinicas v neuropsicologicas
subvyacentes al comportamiento suicida v que implicara mi participacion en evaluaciones
en las cuales se me preguntara sobre mi salud v funcionamiento, asi como se evaluara mi
funcionamiento neurocognitivo. Enfiendo que no hay nesgos implicados v que puedo
beneficiarme de participar en este estudio v que no afectard a mi salud de ningun modo.
He leido la informacion anterior. He tenido la oportunidad de hacer preguntas sobre ella
v me han contestado satisfactoriamente las preguntas que he realizado. Doy mi
consentimiento voluntario para participar como sujeto en este estudio, v entiendo que
tengo el derecho de retirarme del mismo en cualquier momento sin que ello pueda afectar
de ninguna manera mi asistencia medica posterior.

Nombre del paciente Firma del paciente

/__ (dd/mm/aa)

Nombre del investigador Firma del investigador

-/ (dd/mm/aa)
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9.3. Anexo Il

Funcimamicnli |'|-.'II|-:||n.l.'l.|||'|;!|.u_'. pee il inlamasio cn el vomporiarmiento sulcida- FUs PEES02020

PROTOCOLO BREVE CONDUCTA SUICIDA

Cidigo de centro: 1 |Sexo: 2 | Fecha nacimiento: 4 | Afio de Negada:
Cédlgude WCiEI’ItEEII Hombre D -Jl-llll EubLisaEmEsEadsans
PI14/02029: 3 | Fecha valoracidn: 5 | Pais de origen:
Incidencias | ||
(extraccion/procesamiento): Fecha extracciin:
6 | ETNIA PADRE T | ETNIA MADRE 8 CONVIVENCIA
o Cauclsica o Caucasica o Padre
o Gitana o Citana o Madre
o MNegro o Megro o Hijos
o Asiatica o Asidtica o Hermanos
o Magrebi o Magrebi o Familiares
o Hispana o Hispana o Conyuge/pareja
o Amigos
o Sole
o Institucidn
9 | ESTADO CIVIL 10 | ANOS ESTUDIOS 11 | SITUACION LABORAL
o Seltere | L
o Casadofconviv + 6 meses 0 Paro sin subsidio
o Separado/divorciado NIVEI o Paro com subsidia
o Viedo o Primarios o Invalidez permanente
o Secundarios 0 Incapacidad tempoeal
O Bachiller o Activo
@ Universitario Tubilado
12 | MIVEL ECONOMICO 13 | ORIENTACION SEXUAL 14 | CREENCIAS RELIGIOSAS
Q=500 o Heterosexual S[I:] NO) D {saltar pregunta)
@ Entre $00-1500
< Entre 1 300-2000 o Bisexual 2 Catolico
@ Entre 2000- 2300 o Judio
o 4 e 2500 o Homosexual = Musulmin
o N&/NC o Protestantes
o Otros |
Practicante 51 D NEI
15 ANTECEDENTES FAMILIARES

ST MO

NEMNC ENF, PSTQUIATRICA

]

MO

NS/MNC ENF. PRIQUIATRICA

Abuelo matermo
Abuela materna
Abuelo patemo
Abuela paterna
Madre

Padre

Hermano |
Hermano 2
Hermano 3

LLITTTT]
HEEEEEEN

Hermano 4
Hermano 5
Pareja
Hijo |
Hijo 2
Hijo 3
Hijo 4
Hijo 5

Hijo 6

LITTTTTT]
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Funcromamicnto ncuropsicaldgmen y peelil inflamatonia en el comportamiento suicida- FI15 PHAO2020 ....,.......:::,.-
16 [N* HERMANOS 17| N* HLIOS
18 ACONTECIMIENTOS VITALES BRUGHA (altimos 6 meses)
1. Ha sufrido usted una enfermedad. lesion oagresion grave ... Si Mo
2. Algan familiar cercane ha sufrido una enfermedad, lesion o agresion grave ... 5 No
3. Ha muerto uno de sus padres, hijos o S0Pareja/Conyuge ..o Si Mo
4. Ha muerto un amigo cercano a la fumilia algin otro familiar (tios, prmos, abuelos)......... 51 Mo
5. Beha separado a causa de problemas en s matrinuonio . 5 No
6. Ha roto una relacion estable e Mo
7. Ha tenido un problema grave con algin amigo cercano, vecino o familiar Si No
8. Se ha guedado sin eopleo o ha buscado empleo durante mas de un mes sin éxito ... i Mo
9. Le han despedidode sutrabajo ... Si Mo
10, Ha tenido una crisis econdmica grave . Si Mo
11, Ha tenido problemas con la policia o ha comparecido ante un tribunal . Si Mo
12. Le han robado o ha perdido algan objeto de valor ..., S Na

19 | PROBLEMAS PSICOSOCIALES 20| ABUSO EN LA INFANCIA 21| ABUSO ADOLESCENCIA/S

Lo

O 090 00 o0

Grapo de spoye primaro R EDAD ADULTA
ﬂﬁj:;jomal o Sexual o Figico
N o Abandono

TI.J'L.WJG o Emocional o Sexual
V""mdﬂ o Pérdida padre

Finanzas o Pérdida madre o Emocional

Acceso a 85 salud
Sistema legal
Otros problemas psicosociales

22 [ESCALA EVALUACION ACTIVIDAD GLOBAL PREVIO EEAG

o 100-91: Actividad satisfactoria en una amplia gama de actividades. nunca parcee superadoe por los problemas
de su vida, es valorado por los demas a causa de sus abundantes cualidades positivas. Sin sintomas.

o 90-81: Sintomas ausentes o minimos, buena actividad en todas las dreas, interesadoe e implicado en una amplia
gama de actividades, socialmente eficaz, generalmente satisfecho de su vida, sin mds preccupacioncs a
problemas que los cotidianos.

o BO-T1; Siexisten sinlomas, son ransitorios ¥ constituyen reacciones csperables ante agentes estresantes
psicosociales; s0lo existe una ligera alteracion de la actividad soctal, laberal o escolar,

o T0-A1; Algunos sintomas leves o alguna dificultad en la actividad social, laboral o escolar, pero en general
funciona bastante bien, tienc buenas relaciones interpersonales.

o 6051 Sintomas moderados o dificultades moderadas en la actividad social, laboral o escolar.

o 3041 Sintomas graves o cualguier alteracion grave de la actividad social, laboral o escolar.

o 4031 Una aleracion de la verificacion de la realidad o de la comunicacion o alteracion impaortante en varias
dreas, como el trabajo escolar, las relaciones familiares, el juicio, el pensamiento o el estado de dnima,

@ 30-21: La conducta estd considerablemente influsda por adeas  delirantes o alucinaciones. o existe una
alteracion grave de la comunicacion o el juicio o incapacidad para funcionar en casi todas las arens,

o 20-11: Algin peligro de causar lesiones a otros o a sl mismo u ocasionalmente deja de mantener la higiene
personal minima o alteracion importante de ka comunicacion.

o 10-1: Peligro persistente de lesiones graves a otros o a si mismo o incapacidad persistente para mantener ung
higiene personal minima o acto suicida grave con expectativa manifiesta de muerte,

o 0 infermacion inadecuada.

PSICOPATOLOGIA
23 | HISTORIA PREVIA 24| DIAGNOTICO ACTUAL 26 | TRATAMIENTO ACTUAL
o Tratamiento CIE-T0 ..o, o Psiguiatra
o Hospitalizacidn 25 o Flrmacos
COMORBILIDAD: o Psichlogo
o (Mro
CIE-10 . o Minguno
= =
mmrm
e
Funciomamicnte neuropsicaldgico y peelil inflamatoeio en el comporamicento suicida- FI1S PHAO2029 oy
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27

TRATAMIENTO PS

crrrrer tOBIS L .
P 1 1 I A

IQUIATRICO ACTUAL

....... dosis ...

28 N* EPTSODIOS DEPRESIVOS PREVIOS 19

PREVIOS. .........ooceee.

ENFERMEDAD SOMATICA
I DIAGNOSTICOL | Cromico| ] Ulimo afio | 31 [TRATAMIENTO SOMATICO ACTUAL | ] 51 |_] Mo
ANTECEDENTES SUTCTDIO
JZ|INTENTO SUTCIDTO FAMILIA | 33| SUICTDIO CONSUMADO 34 | SUICTDIO CONSUMA DO
FAMILIA MEDIO (ULTIMOS 6 MESES)
o Padre o Padre a .E.s-::ucllﬁ
o Madre o Trabajo
) o Madre -
o Hermanos o Familia
_ o Hermanos ;
o Abuclos o Amigos
o Abuelos ) )
o DMros.. o o Proximidad geogrifica
o Mros....... )
o Medios de
comunicacion
HISTORIA SULCIDICY
35| NUMERO DE INTENTOS 36| EDAD DEL 1* 37 | INTENTOS ULTIMO ANO

CONSUMO DE TOXICOS

CONSUMO . R CONSUMO
ACTUAL | Cantidad Edad inicio | , \ ¢ po Edad cese
5 oo CONSLIN G pr o cOnsumo
Tabaco Cigarrillos/dia;
Alcohol LUBEs/ semana:
Cannabis
Benzodiacepinas
Cocaina

Dieriv, anfetaminicos

Alugindgenos

Fetamina

Inhalanies

Opidcens

Oiros ...

Funcionamiento newropsicologicn y perfil inflamatario en el comportamienta suicida- F15 PI14/02029

5.1.1. Escala de Hamilton para la Depresion

(Hamilton Depression Rating Scale, HDRS)
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o

10

. Sensacian de culpabilidad

frems

Humar deprimido
(tristeza, depresion, desamparo, inutilidad)

. Suicdio

- Insomnio precoz

Insomnio medio

Insomnio tardio

. Trabajo y actividades

Inhibicin (lentitud de pensamiento
y de palabra, empeoramiento de la
concentracion, actividad motors
disminuida)

- Agttacion

Ansiedad psiquica

Criterios operativos de valoracion

W - D

-

. Ausente

. Estas sensaciones se indican solamente al ser preguntado

. Estas sensaciones se relatan oral y espontancamente

. Sensaciones no comunicadas verbalmente, es decir, por la expresion facial,

la postura, la voz y Ia tendencia al llanto

. El paciente manifiesta estas sensaciones en su comunicacion verbal y no

verbal de forma espontdnea

-l
B

. Ausente
. Se culpa a si mismo, cree haber decepcionado a la gente
. Ideas de culpabilidad, o meditacién sobre errores pasados o malas

acciones

. La enfermedad actual & un castigo. Ideas delirantes de culpabilidad

Oye voces acusatorias o de denuncia y/o experimenta alucinaciones
visuales amenazadoras

. Ausente

Le parece que la vida no merece Ia pena ser vivida
Descaria estar muerto o tiene pensamientos sobre la posibilidad de morirse

. Ideas de suicidio 0 amenazas
. Intentos de suicidio (cualquier intento serio se califica 4)

Ausente
Dificultades ocasionales para dormirse, por ¢jemplo, més de media hora

. Dificultades para dormirse cada noche

- Bl B S

. Ausente
. El paciente se queja de estar inquieto durante Iz noche

Esté despierto durante la noche; cualquier ocasion de levantarse de la
cama se califica 2 {excepto si estd justificada: orinar, tomar o dar
medicacion, etc.)

Ausente
Se despierta a primeras horas de la madrugada pero vuelve a dormirse

. No puede yolver a dormirse si se levanta de la cama

»

w

el B

Ausente

. Ideas y sentimientos de incapacidad. Fatiga o debilidad relacionadas

con sy actividad, trabajo o aficiones

. Pérdida de interés en su actividad, aficiones o trabajo, manifestado

directamente por el enfermo o indirectamente por desatencion,
indecision v vacilacion

. Disminugion del tiempo dedicado a actividades o descenso en la

productividad

. Dej6 de trabajar por la presente enfermedad

Palabra y pensamiento normales
Ligero retruso en ¢l didlogo
Fvidente retraso en el didlogo

. Didlogo dificil
. Torpeza absoluta

P swn=s A

Ninguna

. «Juegar con sus manos, cabellos, etc.
. Se retuerce Ias manos, se muerde las unas, los labios,

se tira de los cabellos, etc.

W -

. No hay dificultad
. Tension subjetiva ¢ ivritabilidad

Preocupacion por pequeiias cosas

. Actitud aprensiva aparente en la expresion o en el habla
. Terrores expresados sin preguntarle
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Funcionamiento neuropsicoldgico y perfil inflamatonio en el comportamiento svicida- FIS P114/02020 e reran

5.1 1 Escala de Hamilton para la Depresion
(Hamilton Depression Rating Scale, HDRS)

11 Ansiedad sonuitica Ausente
Ligera
Moderada
Grave
Incapacitante
Signos fisiologicos concomitantes de Ia ansiedad, como:
 Gastrointestinales: boca seca, flatulencia, diarrea, eructos, retortijones
* Cardiovasculares: palpitaciones, cefalalgias
* Respiratorios: hiperventilacion, suspiros
* Frecuencia urinaria
* Sudoracion

A0 B e S

12, Sintomas somdticos gastromtestinales 0. Ninguno
1. Pérdida del apetito, pero come sin necesidad de que lo estimulen,
Sensacion de pesadez en el abdomen
2. Dificultad en comer si no se le insiste. Solicita 0 necesita laxantes o
medicacion intestinal para sus sintomas gastrointestinales

13, Sintomas somaticos generales 0. Ninguno
1. Pesadez en las extremidades, espalda o cabeza, Dorsalgias, cefalalgias,
algias musculares. Pérdida de energia y fatigabilidad
. Cualquier sintoma bien definido se califica 2

14. Sintomas genitales Ausente

Débil

Grave

. Incapacitante

Sintomas como

» Pérdida de la libido

* Trastornos menstruales

s

No la hay

Preocupado de si mismo (corporalmente)
Preocupado por su salud

Se lamenta constantemente, solicita ayudas, etc,
. Ideas delirantes hipocondriacas

15, Hipocondria

16. Perdida de peso (completar A v )

] Bl p

. Segdn manifestaciones del paciente (primera evaluacion)
0. No hay pérdida de peso
1. Probable pérdida de peso asociada con la enfermedad actual
2. Pérdida de peso definida (segin el enfermo)
B. Segiin peso evaluado por el psiquiatea (evaluaciones siguientes)
0. Pérdida de peso inferior a 500 g en una semana
L. Pérdida de peso de mds de 500 g en una semana
2. Pérdida de peso de mis de 1 kg en una semana (por término medio)

17, Insight {concencia de enfermedad | 0, Seda cuenta de que estd deprimido y enfermo
1. Se da cuenta de su enfermedad pero atribuye la causa a la mala
alimentacion, clima, exceso de trabajo, virus, etc.
2. Niega que esté enfermo
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Funcionamiento neuropsicoldgico y perfil mflamatorio en el comportamiento suiecida- FIS PIEL0202%

6.2.2. Gravedad Médica de la Tentativa Suicida

(Medical Damage Scale, MDS)

Totalmente alerta | consciente, Ninguna o minimas consccuencias. Cortes superhciales, sin ninguna
o peyueia hemorragia, reguiere minino o pingin ratamiente. Defenestracion con solo pequeias
1113!,_1.111,3.1.1!".1;

Conscicile pn'n:: adaor |11|l.1dn
Letirgico con dimlllnu-:iﬁn de las faculiades mentales, Alguna lesiin y tratambento e cuarto de
urgencias o extrahospitalario. Cortes con hemorragia moderada con coagulacidn antes de pérdida
significativa de sangre; requiene culdadus minimos, Pefenestracion con torceduras o pequeias lesiones,
no alectacion de tendones, Tigamentos, huesos, ni hemorragia interna, ni lesidn tisular a cerebral,
Aborcamiento con quensaduras por s cuerda

Adormilado pero Geilmente despertable. Cortes con Iu marragia de venas mayores, peligea dl prrdhl-L
considerable de sangre si no se lerviene quirdrgicamente; necesili suluras pero no transfusiin, dreas
witales intactas, sin cambios en signos vitales, Defenestracion con fracturas de extremidades, necesita
tratamiente pero we reparacion mayer de tendones. Se espera recuperaciin completa. Ahorcamienio
con quum:i s L|11|:-m111|1l== ]:u.m quc sr’-]il tEL[uhl‘i.'n tratamiento amhulatorio

Coamatose: retineda con estimulbus d.nllmnm., rellejus intactus, besion sulicivnte pira Illlﬁ].\l-l.nkhf L

Comatoso: no relirada con estimulos dolorosos, mayoria de reflejos intactus, no depresiin respiratoria
ni circulatoria, dafio sulicicate par monitorizacion en UCL Cortes con pérdida grave de sang e
reyuicre sulurs, lransfusion y reparaciin de lendones. Cortes en Lorax, abdomen o cabes pero
b dyrganos vitales estin indemnes. Defenestracion con lesiones graves de hueses y/o tendones on
mlltiples dreas, hemorragias internas, Ahorcamienta con secuelas pero no en dreas vitales. Se requicre
reanimacion y hospitalizucion
Caommatosn: mayoria de reflejos ausentes, depresiom respiratoria y cinculatoria, UCTy actitud wiapd
agresivi, I.¢-.mncs sistémicas graves

Conmraass; m[lu.]m ausenies, dtpern'm respiratoria con cianesis yio fullo circulutorio y 'lhl'":k Clonrles
Lo i"'\!'f‘ﬂ jolas TRAYOICS de SANEEE Con sheck, lesiones en areas vitales con alectacion de constantes vitales
Recuperaciin con (ralamicnio hospitalario dudosa. Delenestracion con lesion grave en dreas vitales y
pardlisis. Ahorcumienio con |c-im|1c-| de ].1 médula espinal

P
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Funcionamenta neuropsicologice y perfil inflamatoric en el comportamiento suicida- FIS PTI4Q2029

6.3.6. Escala de Acontecimientos Traumaticos en la Infancia
(Childhood Trauma Questionnaire, CTQ) !

|
Instrucciones: Este cuestionario aborda experiencias que pudo tener durante su infancia o adolescencia. Para cada cuestion,
m.arquc la casnlln quc mejor le convenga. Aunque algunas preguntas se refieren a temas intimos y personales, es importante
] P rnte.
Casi
Cundo era pequefio ylo adolescente: Nunca Raramente A veces A menudo siempre
1. No lcn(n suficiente para comer o o a O o
2. Me sentia cuidado y protegido (n} O u] D o
i ‘{:”I.f,\mm miembros de mi l.xmllu me amaban "tonto”, “vage” o o a a o o
|4 Mis padn:s cs(.\hm demasiado lwnachos o cnlugados para o g o o o
\ ocuparse de la famibia
5. Alguien de mi iamnlu me qu.l senlir importante o cspcual u} 0 8} 0 (8]
6, Tenia qm vcxlumc con Fopa sucia o a o a o
| 7. Me sentia quuldu a =} 0 ja] ] !
ki SR o s |
K. Pensaba que mis pddtr\ 0o querian gue hubiera nacndo a 0 8] o 0 !
7t $
9. Me golpeaban tan fm e que tuve gue ir al mcdnco oal husp“al a] 0 0 (=] o (
10 Nu In que ndo umbl.\r de ﬁlmlu a =} o o o |
1 Alum miembro de mi I'.umlu me pq,.llu tan fuerte que me o a o a D !
dqnh:\ MArCas O morilones |
o < s ? ]
12, Me uslugab.m con un cinturon, un palo, una cuerda u otro o o o a I
objeto contundente
13 l os miembros de mi hm |ln cuuhhan unos de otros (5] (u] 0 Q o |
14 Mwmlvms_ de mi lanulu me insultaban o decian cosas que me o o a o o (
hacian dano ‘
[ IS. (Ircn que hc sido nulna\ado fisicamente (
16. Hc tenido una infancia perfecta i
l7 Me gnlpv.-lhal\ tan fuerte que alguien llegd a notar l.u marcas (¢j. o o a o o ‘
un profeson, un veano o un médico) [
I8, Sentia que alguien de mi familia me odiaba
19. Los micmlm:s \Ic mi l'.unili.l se .wnli.m proximos entre si
20. f\lguu n intento tocarme o me hizo hacer tocamientos \cxu.nlu o (=] o
21 Alguien me imenazd con hacerme daso si no h.n ia algan acty o o a o o
sexual con ¢l
22 lun.l Ia nu]m familia del mundu (%] o 0 (=] {u]
23. :\lﬁ:lc‘n me obligh a hacer actos sexuales o me hizo ver ales a o a o a
(N
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6.3.6. Escala de Acontecimientos Traumaticos en la Infancia
{Childhood Trauma Questionnaire, CTQ}

Casi i

| Cuando era pequeilo y/o adolescente: Nunca Raramente Aveces Amenudo siempre i
’ 24. He sido victima de Pﬂ;;;hilﬂﬁ Sl.'xi:l‘d;.‘vsrd;‘ﬂlvl(‘\;l;‘-s“l‘!i a B 0 o R o
“ » 15, (iquuc sulri null;*an; psicolagico » o o a a o
[ 26. H:lhu vaiguicn que me llevaba a‘"";“("h;;"“ lo ;\.:a.:csil;ﬂm %] o e] AR o
27. Pienso que han ahusado de mi sexual R f e b D
18’. -.;Il_f‘.;nnli_a—c;a una fuente seguridad y apoyo u} Q o o o
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