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Abstract

Metabolic syndrome in antipsychotic naive patients with first-episode psychosis

Background

The association between the psychotic disorders and metabolic syndrome (MetS) is
widely knowledged and it has been mainly attributed to antipsychotics. In the last decade,
studies have been published with patients who had not received pharmacological
treatment and who show that the metabolic alterations could not be exclusively due to
antipsychotics; however most studies on naive patients have focused on the search for
specific metabolic alterations, without exploring the presence of all MetS components
together.

Methods

In the first step of this doctoral thesis, a systematic review and meta-analysis that included
studies in patients with first psychotic episode (FEP) without prior exposure to
antipsychotic treatment "naive" was carried out. In the second step, and once the
limitations of the studies carried out on this topic were known, a cross-sectional study
on the prevalence of metabolic syndrome in patients with naive FEP and then a
longitudinal study about its follow-up to 3 years were carried out. For this, the dataset of
the PAFIP Program for Attention to the Initial Phases of Psychosis, which is a reference
program for psychosis at national and international level, was used.

Results

In the meta-analysis it was found that the prevalence of metabolic syndrome in patients
with FEP strictly naive was 13.2%. (95% CI 8.7-19.0) (n = 1009, k = 13). In addition,
it was observed that patients with FEP have twice the risk of developing metabolic

syndrome than the general population regardless of the use of antipsychotics (OR 2.52, p

10



=0.007). The main sources of heterogeneity were the disparity of criteria used to define
metabolic syndrome and the ethnicity. Through the study of a representative sample of
naive patients it became evident that the prevalence of metabolic syndrome is similar to
that of controls, however, it was confirmed that patients with FEP have more baseline
metabolic alterations than healthy controls. After analyzing the baseline prevalence of
metabolic syndrome in FEP, controls and follow-up at 3 years, it was found that the FEP
group had a worse evolution compared to the control group, regardless of the use of
antipsychotics.

Conclusions

Patients with FEP have a higher risk of metabolic syndrome and more metabolic
disturbances than the general population. These alterations are not due exclusively to the
use of antipsychotics. There are several causes that could justify the presence of these
alterations in young patients, one of them is the hypothesis of schizophrenia as part of a
systemic disease that originates in the early stages of development and that in addition to
the brain, involves other organs. Social determinants of health and exposure to
environmental factors at critical stages of neurodevelopment contribute to the increased
risk of both psychotic disorder and metabolic syndrome. Women with first psychotic
episode present some specific alterations more frequently than men prior to the use of
antipsychotics. On the other hand, it is necessary to have cardiovascular risk

measurement tools validated in young people with first psychotic episodes.
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Resumen

Sindrome metabolico en pacientes con primer episodio psicotico que nunca han tomado

antipsicoticos

Antecedentes

La relacion entre esquizofrenia y sindrome metabolico (MetS) es ampliamente conocida
y se ha atribuido principalmente a los antipsicoticos. En la tltima década se han publicado
estudios en pacientes con trastorno psicotico que presentan alteraciones metabolicas a
pesar de nunca haber tomado antipsicéticos, sin embargo, la mayoria se han centrado en
la bisqueda de alteraciones metabdlicas especificas sin explorar la presencia de todos los
componentes de sindrome metabolico en conjunto.

Métodos

En una primera fase de esta tesis doctoral, se realizO una revisidon sistemdtica y
metaandlisis que incluy6 estudios en pacientes con primer episodio psicotico (PEP) sin
exposicion previa al tratamiento antipsicotico “naive”. En una segunda fase y una vez
conocidas las limitaciones de los estudios realizados sobre este tema, se hizo un estudio
transversal y después longitudinal sobre la prevalencia de sindrome metabdlico en
pacientes con PEP naive y su evolucién a 3 afios. Para ello se utiliz6 el dataset del
Programa de Atencion a las Fases Iniciales de la Psicosis PAFIP, que es programa de
referencia de psicosis a nivel nacional e internacional.

Resultados
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En el meta-analisis se encontrd que la prevalencia de sindrome metabolico en pacientes
con PEP estrictamente naive fue 13.2%. (95% CI 8.7-19.0) (n = 1009, k = 13). Ademas,
se observd que los pacientes con PEP tienen el doble de riesgo de presentar sindrome
metabolico que la poblacidon general independientemente del uso de antipsicoticos (OR
2.52, p = 0.007). Las principales fuentes de heterogeneidad fueron la disparidad de
criterios usados para definir sindrome metabolico y la etnicidad. A través del estudio en
una muestra representativa de pacientes naive se hizo evidente que la prevalencia de
sindrome metabolico es similar a la de los controles, sin embargo, se confirmé que los
pacientes con PEP tienen mas alteraciones metabolicas basales que los controles sanos.
Después de analizar la prevalencia basal de sindrome metabolico en PEP, controles y el
seguimiento a los 3 afios, se encontrd que el grupo PEP tuvo una peor evolucion en
comparacion con el grupo control, independientemente del uso de antipsicéticos.
Conclusiones

Los pacientes con trastorno psicotico tienen mas riesgo de sindrome metabolico y mas
alteraciones metabdlicas que la poblacion general. Estas alteraciones no se deben
exclusivamente al uso de antipsicoticos. Hay varias causas que podrian justificar la
presencia de esas alteraciones en pacientes jovenes, una de ellas es la hipdtesis de la
esquizofrenia como parte de una enfermedad sistémica que tiene origen en etapas
tempranas del desarrollo y que ademds del cerebro, compromete otros 6rganos. Los
determinantes sociales de la salud y la exposicion a factores ambientales en etapas criticas
del neurodesarrollo contribuyen al aumento de riesgo de presentar trastorno psicético y
sindrome metabdlico. Las mujeres con primer episodio psicético presentan algunas
alteraciones especificas y diferentes a los hombres previamente al uso de antipsicdticos.
Por otra parte, es necesario tener herramientas de medida de riesgo cardiovascular

validadas en poblacion joven con primer episodio psicético.
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Introduccion

Esquizofrenia y sindrome metabolico

El cerebro es un 6rgano complejo y aun desconocido, del que hoy se sabe, estd
genéticamente organizado y marcado por la exposicion del ambiente externo e interno o
“exposoma’” que, en etapas criticas del desarrollo, sobre todo en fases muy tempranas,
son determinantes de muchas alteraciones, entre ellas la esquizofrenia cuyo origen se
enmarca en una alteracion del desarrollo cerebral.

La esquizofrenia es un sindrome clinico caracterizado por sintomas psicéticos y
deterioro psicosocial que conduce a importantes costes humanos y econdmicos. Su
etiologia, aun en estudio, combina factores genéticos que podrian estar modulados por
factores ambientales (Penninx & Lange, 2018; Postolache et al., 2019; Wong et al.,
1997). Tanto la esquizofrenia como las enfermedades cardiovasculares derivadas del
sindrome metabolico estdn estrechamente relacionadas y ambas tienen un alto impacto
en la mortalidad y discapacidad a nivel mundial.

Aunque el foco de la mayor parte de la investigacion se ha puesto sobre los
antipsicoticos como los principales responsables de la diabetes, sobrepeso y alteraciones
lipidicas en pacientes con esquizofrenia, desde una perspectiva historica (Kohen, 2004) a
través de una revision de estudios (Kooy, 1919; Lorenz, 1922; Raphael & Parsons, 1921),
realizados en tiempos en que no se usaban los antipsicéticos y con las limitaciones
metodoldgicas de la época, describe la relacion de la diabetes mellitus con la
esquizofrenia, se puede observar que en ese entonces, ya se relacionaba la esquizofrenia
con las alteraciones en la glucemia y la predisposicion a la diabetes. Asi mismo, por 1939,
cuando uno de los tratamientos usados para la esquizofrenia era la pirexia inducida por

insulina, sin estar en la busqueda de ello, ya se observaba que en algunos pacientes con
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esquizofrenia y fenotipos especificos habia resistencia insulinica. De manuscritos de la
época, (Sanchez, 1939) se recogen afirmaciones que apuntaban a ello: “La pirexia la
hemos observado en los limites extremos de la receptividad personal a la insulina es decir
en pacientes demasiado sensibles a la insulina o en aquellos otros que resisten dosis
inverosimiles™ .

El aumento de la prevalencia de MetS en pacientes con esquizofrenia en
comparacion con la poblacion general es ampliamente conocida (Kraemer et al., 2011),
y se ha atribuido principalmente al uso de antipsicéticos atipicos (Newcomer et al., 2002;
Vancampfort et al., 2015), asi como a otros factores de riesgo que se acumulan a lo largo
de vida como el sedentarismo, la mala alimentacion, el consumo de tabaco y la falta de
autocuidado debido a los propios sintomas negativos de la enfermedad (Bobes et al.,
2007).

Segtn la literatura existente, la prevalencia del MetS en la poblacion general oscila
entre el 6% y el 45% (Moore et al., 2017), mientras que en pacientes con esquizofrenia
que toman antipsicoticos oscila entre el 35,3% (Mitchell, Vancampfort, De Herdt, et al.,

2013; Vancampfort et al., 2015) al 49 % (Kraemer et al., 2011).

Causas de mortalidad en esquizofrenia

La esperanza de vida de las personas con esquizofrenia es 20 afios menor que en la
poblacion general, donde el 60% de las causas de muerte prematura estan relacionadas
con enfermedades cardiovasculares (Pillinger et al., 2019). Es decir, existe una tasa de
mortalidad sumamente elevada, que es mas del doble que en la poblacion general
(Walker et al., 2015). La mayor parte se deben a causas naturales, principalmente eventos
cardiovasculares, por encima de causas psiquiatricas como el suicidio (Correll et al.,
2017; Laursen, 2019; Moreno-Kiistner et al., 2021). Este exceso de mortalidad se ha

relacionado con los efectos adversos de la medicacion, las altas tasas de comorbilidad
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somatica, las desigualdades en el acceso al tratamiento de enfermedades somaticas y el
envejecimiento acelerado. En este sentido, la hiperlipidemia (61 %), el tabaquismo (55
%), la obesidad (41 %), la diabetes (19 %), la hipertension (17 %) y las enfermedades
respiratorias (Perez-Pinar et al., 2016; Suetani et al., 2021) son los factores de riesgo
cardiovascular mas prevalentes en pacientes con esquizofrenia.
Criterios diagnosticos de sindrome metabdlico

Uno de los indicadores de riesgo cardiovascular mas estudiado es el sindrome
metabolico (MetS), que consiste en un grupo de parametros que indican la probabilidad
de desarrollar enfermedades cardiacas y diabetes (Eckel et al., 2005). Los criterios mas
utilizados para el diagnostico de MetS son los de IDF (International Diabetes Federation,
2006) y los ATPIII (Adult Treatment Panel 111, 2001), que difieren entre si en el punto de

corte de los parametros que se consideran patologicos.

Tabla 1

Criterios de sindrome metabolico

Diagnosis is made when three or more are present:
e  Waist circumference of more than 102 cm in men or more than 88 cm in
women.
o  Waist circumference >94 cm for Mediterranean men or >80 cm for
Mediterranean women
ATP-IIIA e Fasting triglyceride level of 150 mg/dL or higher.
e Blood pressure level of 130/85 mm Hg or higher.
e Low HDL-C level (defined as < 1.04 mmol/L [40 mg/dL] in men or <
1.29 mmol/L [50 mg/dL] in women)

e Fasting hyperglycemia (defined as glucose level >5.6 mmol/L [100
mg/dL]) or previous diagnosis of diabetes or IGT
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e Central obesity and any 2 out of these 4 other factors:
e Triglyceride level of 1.7 mmol/L (150 mg/dL) or higher.

e Low HDL-C level (defined as < 1.04 mmol/L [40 mg/dL] in men or <
IDF 1.29 mmol/L [50 mg/dL] in women)

e Blood pressure of 130/85 mm Hg or higher.

e Fasting hyperglycemia (defined as glucose level >5.6 mmol/L [100
mg/dL]) or previous diagnosis of diabetes or IGT.

e >3 out of these parameters:
e Fasting glucose>100mg/dL
e Blood pressure level of 130/85 mm Hg or higher.

JIS-2009

e Fasting triglyceride level of 150 mg/dL or higher.

e Low HDL-C level (defined as < 1.04 mmol/L [40 mg/dL] in men or <
1.29 mmol/L [50 mg/dL] in women)

¢ Insulin resistance is defined as type 2 diabetes mellitus (DM) or
impaired fasting glucose (IFG) (> 100 mg/dl) or impaired glucose
tolerance (IGT), plus two of the following:

e Abdominal obesity (waist-to-hip ratio > 0.9 in men or > 0.85 in
women, or body mass index (BMI) > 30 kg/m?Z.

WHO e Triglycerides 150 mg/dl or greater, and/or high-density

lipoprotein (HDL)-cholesterol < 40 mg/dl in men and < 50 mg/dl

in women.
e Blood pressure (BP) 140/90 mmHg or greater.

e  Microalbuminuria (urinary albumin secretion rate 20 pg/min or

greater, or albumin-to-creatinine ratio 30 mg/g or greater).

Evidencia sobre alteraciones metabdlicas en pacientes con esquizofrenia previas al

uso de antipsicoticos

En la ultima década se han publicado estudios en pacientes con trastorno psicético
que presentan alteraciones metabolicas a pesar de nunca haber recibido tratamiento

antipsicético, especificamente alteraciones en la glucosa y en los lipidos (Kirkpatrick et
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al., 2009, 2012; Pillinger, Beck, Gobjila, et al., 2017; Pillinger, Beck, Stubbs, et al., 2017).
Teniendo en cuenta estos hallazgos, en diversas investigaciones (Chadda et al., 2013;
Cordes et al., 2016; Ryan et al., 2004), se propone una hipotesis de vulnerabilidad para el
desarrollo de trastornos metabolicos independiente del uso de antipsicoticos en pacientes
con esquizofrenia. En esta linea, una meta-revision sistematica reciente (Pillinger et al.,
2019) encontrd que ademas de alteraciones en el sistema nervioso central, también hay
asociaciones significativas entre la esquizofrenia y alteraciones en otros sistemas como
el endocrino, inmunoldgico y cardiometabolico. Todo esto, previo al inicio del
tratamiento farmacologico.

La mayoria de los estudios hechos en pacientes nunca tratados con antipsicoticos
se han centrado en la busqueda de alteraciones metabolicas especificas: (peso, indice de
masa corporal, perimetro abdominal (PA) o alteraciones de la glucosa y los lipidos), sin
explorar la presencia de todos los componentes de MetS en conjunto. La evidencia de
estos estudios indica mayores tasas de resistencia a la insulina, alteraciones de la glucosa
basal (B. L. Perry et al., 2016a; Pillinger, Beck, Gobjila, et al., 2017) y dislipidemia
(Misiak et al., 2017; B. 1. Perry & Singh, 2018; Pillinger, Beck, Stubbs, et al., 2017;
Pillinger et al., 2018) en pacientes sin tratamiento previo con un primer episodio psicotico
(PEP). Ademas, los niveles alterados de otros factores bioquimicos no incluidos en la
definiciéon MetS como los niveles plasmaticos de cortisol (Misiak et al., 2017), ACTH,
homocisteina (Ayesa-Arriola et al., 2012; Misiak et al., 2014; Shih et al., 2021; Zhang et
al., 2021) proteina C reactiva (Fernandes et al., 2016; Steiner et al., 2019) y leptina
(Misiak et al., 2019) se han encontrado también en esta poblacion.

La esquizofrenia mas alla del cerebro
Aunque tradicionalmente se ha considerado que la esquizofrenia es un trastorno

mental que comprende un conjunto de sintomas positivos y negativos, cada vez existe
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mas evidencia de que ademas de las funciones cerebrales alteradas que causan los
sintomas psicéticos, también hay funciones cerebrales asociadas a la presentacion de
otras manifestaciones clinicas mas alld de las psiquiatricas. Dicho de otra forma y
partiendo de la base de que la esquizofrenia es un trastorno del neurodesarrollo y segiin
la hipétesis de la esquizofrenia como una enfermedad sistémica, esta se consideraria un
trastorno en donde varias funciones cerebrales se ven afectadas y ademds hay sintomas
psicoticos. Los sintomas psicoticos, serian entonces un hallazgo afiadido a todas las
manifestaciones del gran sindrome.

La evidencia empirica apoya el uso de los criterios diagndsticos del DSM IV -5y
CIE - 10 para clasificar los trastornos psicoticos. Sin embargo, los criterios diagnosticos
no son equivalentes al concepto que se tiene de una enfermedad. Es decir, la
esquizofrenia, mas que un trastorno exclusivamente de sintomas positivos y negativos
podria considerarse una entidad clinica con caracteristicas tanto psiquiatricas como no
psiquiatricas, (Kirkpatrick et al., 2014). En esta linea, existen estudios que enmarcan los
sintomas de la esquizofrenia dentro de una enfermedad sistémica y que podria presentar
manifestaciones metabolicas tempranas como las que se exponen a lo largo esta tesis
doctoral.

Existe amplia evidencia de la asociacidon entre esquizofrenia y otras entidades
clinicas. Por ejemplo, en el (Brainstorm consortium (2018), que ha analizado datos de
1,190,000 de individuos, se encontré que hay heredabilidad compartida entre
esquizofrenia y trastornos afectivos y esquizofrenia y trastorno obsesivo compulsivo o
esquizofrenia y trastornos de ansiedad (Anttila et al., 2018). Asi mismo, fenotipicamente
es frecuente encontrar comorbilidades psiquiatricas con el diagndstico de esquizofrenia

(Swets et al., 2014).
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Con respecto a las alteraciones no psiquidtricas, e independientemente de los
efectos adversos metabolicos ampliamente conocidos tras el  tratamiento con
antipsicoticos atipicos (Kraemer et al., 2011; Mitchell, Vancampfort, Sweers, et al., 2013;
Vancampfort et al., 2015) y no relacionados con los hébitos de vida como la dieta y la
actividad fisica (Dixon et al., 2000; Kirkpatrick et al., 2012), se ha demostrado que la
prevalencia de diabetes y resistencia a la insulina estd aumentada en pacientes con
esquizofrenia. Asi mismo, la diabetes y la esquizofrenia comparten factores de riesgo
comunes mas alla del efecto de los farmacos, como por ejemplo complicaciones
obstétricas, riesgo poligenético (Fernandez-Egea et al., 2008; Mukerjee et al., 1996;
Wright et al., 1995) y factores prenatales y gestacionales (Ozanne & Hales, 2002). A la
evidencia también se suma, el hallazgo de otras alteraciones metabolicas ademas de la
glicemia, como son las alteraciones de lipidos y mas recientemente alteraciones en la tasa
de filtracion glomerular (Garcia-Rizo et al., 2022).

En esta linea, la publicacion “El concepto de la esquizofrenia” (Kirkpatrick, 2009;
Kirkpatrick et al., 2014), describe que la esquizofrenia podria no ser un trastorno que se
limite al cerebro, sino mas bien un sindrome que compromete varios sistemas del cuerpo
humano. De hecho, la evidencia demuestra que, en muchos pacientes, hay fases de la
enfermedad en donde los sintomas psicoticos no son la dimension que tiene mas impacto
en el funcionamiento y que, por el contrario, el deterioro fisico predomina mas que el
psiquiatrico. En consecuencia, el término neurodesarrollo, segun esta hipdtesis, deberia
ser reemplazado por el término trastorno del desarrollo, ya que no es solo el sistema
nervioso el que se desarrolla con anormalidad.

Al respecto, Pillinger et al., (2019) en su publicacion “Is psychosis a multisystem
disorder?”, propone dos posibles explicaciones, ademés del modelo de Kirkpatrik que

como se ha descrito, pone al cerebro como un 6rgano mas dentro de los otros que estan
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afectados a causa de un factor que desencadena alteraciones en sistemas diferentes al
sistema nervioso. Los otros dos modelos expuestos, (Pillinger et al., 2019) serian en
primer lugar un factor de riesgo como causante de alteraciones a nivel del sistema
nervioso central y sintomas psicoticos y que, en consecuencia, puede desencadenar otra
disfuncion no relacionada con el sistema nervioso. El segundo modelo hace referencia a
que un factor de riesgo o vulnerabilidad compartido desde la etapa prenatal, podria
resultar en una alteracion del neurodesarrollo que produce trastorno psicotico y ademas
en alteraciones de otros sistemas.

Se habla de un trastorno multisistémico cuando hay condiciones en donde varios
sistemas estdn alterados y uno de ellos, predomina sobre los demas (Ayme & Chute,
2010). En esta definicion, cabria la esquizofrenia, ya que como se ha mencionado existe
solida evidencia de alteraciones de otros sistemas presentes en el momento del primer
episodio psicotico.

Con fundamento en la evidencia presentada surge la pregunta de investigacion
que da sentido a esta tesis doctoral: ;Cudl es la prevalencia de sindrome metabdlico en
pacientes con primer episodio psicotico que nunca en su vida han tomado

antipsicoticos?
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Justificacion

A pesar de los avances en la comprension de la asociacion entre MetS y
esquizofrenia, todavia no esta claro cudl es la prevalencia del MetS en pacientes con PEP
que nunca han tomado antipsicoticos.

Previamente se ha advertido de la importancia del estudio de los trastornos
psicoticos mas alld del sistema nervioso central y de la valoracion del riesgo
cardiovascular y la salud fisica en general de los pacientes con esquizofrenia debido a la
alta mortalidad por causas no psiquiatricas. Con la elaboracion de esta tesis se pretende
afiadir a la evidencia un estudio de esquizofrenia mas all4 de la psicopatologia y de las
voces, considerando otras funciones de la fisiologia humana como el sistema metabdlico,
que muy frecuentemente se ve comprometido bien sea por causa o por efecto como se ha
descrito anteriormente.

Tal y como se ha expuesto, hay una evidencia muy amplia sobre el efecto de
algunos antipsicoticos atipicos en el desarrollo del MetS y también hay evidencia de
alteraciones metabodlicas aisladas en pacientes con primer episodio psicotico. Sin
embargo, solo unas pocas investigaciones han explorado la presencia del MetS a través
de un andlisis de todos sus componentes en pacientes no tratados previamente con
antipsicoticos. Por lo tanto, no esta claro si independientemente del uso de antipsicéticos
los pacientes con trastorno psicético presentan mas riesgo de tener MetS que la poblacion
general.

Hasta la fecha, solo se han realizado dos metaanalisis en pacientes “naive” con
PEP. (Vancampfort et al., 2013) public6 un metaanalisis sobre alteraciones metabodlicas
en pacientes con esquizofrenia tanto en fase temprana como en fase cronica de la

enfermedad que no habian tomado antipsicoticos. Un segundo metanalisis (Mitchell,
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Vancampfort, Sweers, et al., 2013) encontrd que la prevalencia en pacientes con poco
tiempo de exposicion a los antipsicoticos fue del 9,8%. Estos dos trabajos reportan los
datos mas solidos. Sin embargo, los mismos autores de ambos trabajos destacan varias
limitaciones, como la dificultad de analizar de forma independiente a pacientes naive con
un primer episodio psicotico, ya que incluyeron estudios con primeros episodios
expuestos a antipsicéticos durante un tiempo indeterminado. Ademas, el grupo de
pacientes "no tratados" incluia pacientes en cualquier fase de la enfermedad, por lo que
la prevalencia en este grupo puede confundirse por la presencia de otros factores de riesgo
que se desarrollan a lo largo del tiempo, como la edad, el sedentarismo, el estilo de vida.

Teniendo en cuenta esas limitaciones y la necesidad de aclarar la prevalencia de
MetS en pacientes con trastorno psicético independientemente de los antipsicéticos, en
una primera fase de esta tesis doctoral, se realizé un metaanalisis de estudios que incluyo
los primeros episodios psicOticos con una exposicion estrictamente de 0 dias de
tratamiento antipsicdtico, en una poblacion mayor de 18 afios.

En una segunda fase de esta tesis y una vez hecho el metaanalisis, se encontrd que
la mayoria de los articulos que estudian la prevalencia de MetS tienen algunas
limitaciones relevantes entre las que se destacan el pequefio tamafo de la muestra (Effat
et al., 2012; Enez Darcin et al., 2015; Grover et al., 2015; Martin Otafio et al., 2013;
Sahpolat & Ari, 2020), la falta de comparacioén con un grupo control (De Hert et al., 2008;
Grover et al., 2015; Kraemer et al., 2011; Martin Otafo et al., 2013; Medved et al., 2009;
Owiredu et al., 2012; Srivastava et al., 2018), la falta de un analisis de estratificacion de
género y el hecho de que los pacientes no eran estrictamente pacientes sin tratamiento
previo con antipsicéticos, por ejemplo, pacientes que habian recibido tratamiento durante
varias semanas se clasificaron como “naive” (Chiliza et al., 2015; Correll et al., 2014;

Fleischhacker et al., 2013; Pallava et al., 2012; Srihari et al., 2013a). Por este motivo y la
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necesidad de seguir sumando evidencia para aclarar la relacion entre MetS y primeros
episodios psicoticos en pacientes que nunca han tomado antipsicoticos, se realizd un
estudio transversal y después longitudinal sobre la prevalencia de MetS en pacientes con
PEP naive. Para ello se utiliz6 el dataset del Programa de Atencion a las Fases Iniciales

de la Psicosis PAFIP, que es programa de referencia de psicosis a nivel nacional e

internacional.
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Figura. 1. Factores comunes entre sindrome metabdlico y trastorno psicotico previos al
inicio de los farmacos antipsicoticos. Estos factores podrian ser los causantes de las
alteraciones metabdlicas encontradas en pacientes en las fases iniciales de la psicosis,
independientemente del tratamiento antipsicético. Desde una comprension sistémica de
la enfermedad, los sintomas psicéticos, serian solo una manifestacion del sindrome.
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Objetivos e hipotesis

Objetivo general

Explorar la prevalencia de sindrome metabolico en pacientes con primer episodio
psicotico que nunca en su vida han tomado antipsicdticos.

Objetivos especificos

e Establecer la prevalencia de sindrome metabolico en pacientes que nunca han
tomado antipsicoticos, a través de una revision sistematica de la literatura y un
metaanalisis.

e Determinar la prevalencia de sindrome metabdlico a través de un estudio
transversal en una muestra representativa de pacientes con primer episodio
psicético que nunca han tomado antipsicoticos, teniendo en cuenta el analisis de
factores sociodemograficos y los habitos de riesgo como el consumo de
sustancias.

e Explorar las alteraciones metabdlicas basales que podrian predecir el desarrollo
sindrome metabdlico a los 3 afios, incluyendo factores sociodemograficos y el
farmaco antipsicotico elegido inicialmente para el tratamiento.

Hipotesis
Los pacientes con primer episodio psicotico tienen mads alteraciones metabolicas

que la poblacion general y estas no se deben exclusivamente al uso de antipsicoticos
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Métodos

Este estudio se realiz6 siguiendo rigurosamente la metodologia PRISMA y MOOSE
(Moher et al., 2009; Stroup et al., 2000) que incluye los siguientes pasos: estrategia de
busqueda en 4 bases de datos, seleccion de estudios tras seleccion de titulos y resimenes,
seleccion de estudios de acuerdo a los criterios de inclusion y exclusion tras lectura
completa de los articulos, contacto con los autores de estudios potencialmente ttiles pero
que tenian los datos incompletos, extraccion de los datos en formulario normalizado,
evaluacion mediante escala de calidad, pruebas de heterogeneidad, analisis de subgrupos

y meta-regresiones. El registro se encuentra en PROSPERO (CRD42020180930).

Fase de revision sistematica y metaanalisis

En base a la hipdtesis descrita se planted la pregunta PICOS (Patients,
Intervention, Comparison, Outcome, Studies).
P: pacientes con primer episodio pscidtico, seleccionados con criterios diagnosticos de
acuerdo a DSM o CIE-10
I: con datos analiticos necesarios para determinar la presencia o ausencia de sindrome
metabolico
C: que se comparen o no con controles
O: Sindrome metabdlico de acuerdo a los criterios IDF o a los criterios ATP-3
S: Estudios transversales, estudios longitudinales que en su evaluacion basal
contemplaran medidas metabdlicas en pacientes naive.
Fase de estudio transversal y longitudinal

La segunda fase incluye en primer lugar un estudio transversal en una muestra
representativa de 303 pacientes con PEP y 153 controles. En segundo lugar, un

seguimiento longitudinal a los tres afios de 244 pacientes con PEP y 166 controles.
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Una vez hecho el metaanalisis, y teniendo en cuenta las limitaciones de los
articulos incluidos en el mismo, se hizo un estudio transversal para calcular la prevalencia
de sindrome metabdlico en pacientes de la cohorte PAFIP con primer episodio psicotico
que nunca habian estado expuestos a los antipsicdticos y compararlos con controles sanos.

Después se hizo un estudio longitudinal también con pacientes de la cohorte
PAFIP, en donde se compararon las alteraciones metabdlicas basales previas al uso de
antipsic6ticos con las alteraciones a los 3 afios y se disenid un modelo para predecir cudles
alteraciones basales tendrian mas influencia en la aparicion de MetS a los 3 afios.

La muestra corresponde a pacientes con fases iniciales tomada de la cohorte
PAFIP de Cantabria (Mayoral Van-Son et al., 2021; Pelayo-Teran et al., 2008), de cuyo
dataset se estudiaron los datos de MetS en pacientes naive y en donde se tuvieron en
cuenta todas las limitaciones de los estudios previos sobre el tema que fueron incluidos
en el meta-analisis, por ejemplo: la ausencia de controles, el analisis por sexo y el ajuste
por otras variables de exposoma externo especifico como el consumo de sustancias y

factores sociodemograficos. Ademas, se hizo un analisis predictivo a 3 afos.
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Primera fase: Revisidn sistemdtica y
\WISEEREIINE

Segunda fase: estudio transversal

303 FEP vs 153 controles sanos

Tercera fase: Estudio longitudinal

244 FEP vs 166 controles sanos

Evolucién a los 3 afios de 202 FEP y 86
controles sanos

Figura 2. Fases metodologicas de la tesis doctoral

La metodologia y resultados se explican detalladamente en los tres articulos

publicados en revistas de alto impacto y el correspondiente material suplementario que

se expone a continuacion
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Resultados

Metaanalisis (Garrido-Torres et al., 2021)

La prevalencia de MetS en pacientes con PEP estrictamente naive es del 13.2%.
(95% CI 8.7-19.0) (n = 1009, k = 13). Tras realizar los andlisis de sensibilidad expuestos
detalladamente en el articulo, no hubo cambios significativos en la prevalencia. Los
pacientes con PEP naive tienen el doble de riesgo de presentar MetS que los controles
pareados por edad y sexo. (OR 2.52, p=10.007). Al evaluar la prevalencia de MetS global,
se encontro una alta heterogeniedad entre los estudios [12 = 81.03%, Q = 63, df(12), p =
0.00]. En el andlisis de subgrupos, se encontr6 que esta heterogeneidad fue aportada
principalmente por los criterios usados para definir MetS [12 = 83.0%, Q = 7.57, df(2), p
= 0.023]. Ademas en la metaregresiones hechas, se encontrd que otra de las fuentes de
heterogeniedad fue la etnicidad. La disparidad de criterios para definir MetS aport6 el
7% de heterogeniedad y la etnicidad aportd el 3%.
Estudio transversal (Garrido-Torres, Ruiz-Veguilla, Alameda, et al., 2022)

La prevalencia de MetS en los PEP fue similar a la de los controles (5.6 % vs 5.12
%; x2 =0.004, p = 0.821). No habiendo diferencias significativas en ambos grupos. Los
pacientes con PEP presentan mayor prevalencia de alteraciones metabolicas con respecto
a los controles. (60.7 % vs 36.5 %; x> =24.16, p < 0.001; OR = 2.686, CI 95 % 1.8-4.0)

Las mujeres con PEP son mas propensas a presentar mayor prevalencia de
PAalterado que los hombres con PEP. (hombres: n = 14, 8.6 % vs mujeres: n =29, 20.7
%, x> 9.09 p =0.003). Esta diferencia no se observo en el grupo control.

En el modelo de regresion logistica, se encontrd una asociacion estadisticamente
significativa entre HDL y PEP (OR:1.87, IC del 95%: 1.78 — 2. 96, p=0.007), que

continuo siendo significativa tras el ajuste con sexo, nivel educativo, estado civil, bajo
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nivel socioecondmico familiar, zona urbana, desempleo, estado actual de estudiante,
consumo de cannabis, alcohol y cocaina (OR:2.228, IC del 95%: 1.12- 4.464, p=0.024).
Asi mismo, la asociacion entre presion arterial alta y psicosis (OR:8.031, IC del 95%:
3.61 -17.85, p=0.001) también fue significativa (OR:7.564, IC del 95%: 6.16 — 23.14,
p=0.001) tras el ajuste con dichos factores de confusion.

La asociacion entre la PEP y la perimetro abdominal alterada (OR:2.418, IC del
95% 1.112 - 4.464, p = 0.026) se vio influenciada por el sexo femenino (OR: 1.553, IC
del 95% 0.79 - 3.053, p =0.043) y el estado actual de educacion (estudiando actualmente
ono) (OR: 1.44, IC del 95% 0.189 - 1.023 p = 0.048)

Se encontraron diferencias significativas en consumo de cannabis entre PEP y
controles (n =120, 39.9 % vs n =42, 26.9 %, x2 7.523 p =0.00). 57% de PEP reportaron
consumo de tabaco y mayor numero de cigarrillos al dia (PEP: mean/SD 17.3449.71 vs
HC: mean/SD 72+10.92 mm/ Hg, t-student 4.095, p < 0.001). Sin embargo, cuando
exploramos el efecto del consumo de sustancias en los pardmetros metabdlicos, no

encontramos asociaciones significativas.

Estudio longitudinal (Garrido-Torres, Ruiz-Veguilla, Olivé Mas, et al., 2022)

A los 3 afios los pacientes con PEP tuvieron peor evolucion que los controles. La
prevalencia aument6 de 6.6% hasta el 18.3% (p = 0.001) en los PEP y de 5.4% a 8.1% (p
=0.063) en los controles

En el modelo multivariante se encontrd que en el grupo de PEP, los valores
basalmente alterados de HDL (OR = 0.9, p = 0.008), triglicéridos (OR = 1.1, p = 0.043)
y perimetro abdominal (OR = 1.1, p = 0.011) se asocian al desarrollo de MetS a los 3

afios independientemente del tipo de tratamiento antipsicotico, la edad o el sexo.
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Abstract

Background. It is unclear what the prevalence of metabolic syndrome (MetS) in drug-naive
first-episode of psychosis (FEP) is, as previous meta-analyses were conducted in minimally
exposed or drug-naive FEP patients with psychotic disorder at any stage of the disease;
thus, a meta-analysis examining MetS in naive FEP compared with the general population
is needed.

Methods. Studies on individuals with FEP defined as drug-naive (0 days exposure to antipsy-
chotics) were included to conduct a systematic review. A meta-analysis of proportions for the
prevalence of MetS in antipsychotic-naive patients was performed. Prevalence estimates and
95% CI were calculated using a random-effect model. Subgroup analyses and meta-regressions
to identify sources and the amount of heterogeneity were also conducted.

Results. The search yielded 4143 articles. After the removal of duplicates, 2473 abstracts and
titles were screened. At the full-text stage, 112 were screened, 18 articles were included in a
systematic review and 13 articles in the main statistical analysis. The prevalence of MetS in
naive (0 days) FEP is 13.2% (95% CI 8.7-19.0). Ethnicity accounted for 3% of the heterogen-
eity between studies, and diagnostic criteria used for MetS accounted for 7%. When compared
with controls matched by sex and age, the odds ratio is 2.52 (95% CI 1.29-5.07; p = 0.007).
Conclusions. Our findings of increased rates of MetS in naive FEP patients suggest that we are
underestimating cardiovascular risk in this population, especially in those of non-Caucasian
origin. Our findings support that altered metabolic parameters in FEPs are not exclusively
due to antipsychotic treatments.

Introduction

The life expectancy of people with schizophrenia is around 20 years shorter than that of the
general population, and 60% of the causes of premature death of people with schizophrenia are
related to cardiovascular diseases (Pillinger, D’Ambrosio, McCutcheon, & Howes, 2019).
One of the most studied cardiovascular risk indicators is metabolic syndrome (MetS),
which consists of a group of parameters that indicate the risk of developing cardiovascular dis-
ease and diabetes (Eckel, Grundy, & Zimmet, 2005). The criteria most used for the diagnosis of
MetS are those of IDF (International Diabetes Federation, 2006) and ATPIII (Adult Treatment
Panel III, 2001). These differ from each other in the cut-off point of the parameters that are
considered pathological.

The increased prevalence of MetS in patients with schizophrenia compared to the general
population is widely recognised (Kraemer, Minarzyk, Forst, Kopf, & Hundemer, 2011), and
has been mainly attributed to the use of atypical antipsychotics (Newcomer et al., 2002;
Vancampfort et al., 2015), as well as other risk factors that accumulate during the disease per-
iod, such as sedentary lifestyles, poor nutrition, tobacco consumption and the lack of self-care
due to the negative symptoms of the disease themselves (Bobes et al., 2007). In the last decade,
studies have been published with patients who had not received pharmacological treatment
and who show that the metabolic alterations could not be exclusively due to antipsychotics
(Kirkpatrick, Garcia-Rizo, Fernandez-Egea, Miller, & Bernardo, 2011; Pillinger et al., 2017;
Pillinger, Beck, Stubbs, & Howes, 2017). Taking into account these findings, various pieces
of research (Chadda, Ramshankar, Deb, & Sood, 2013; Cordes et al., 2017; Ryan, Sharifi,
Condren, & Thakore, 2004) propose a vulnerability hypothesis for the development of
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metabolic disorders that is independent of the use of antipsycho-
tics in patients with schizophrenia. Along these lines, a recent sys-
tematic meta-review (Pillinger et al., 2019) found, in addition to
alterations in the central nervous system, significant associations
between schizophrenia and alterations in other systems such as
the endocrine, immune and cardio-metabolic systems. Likewise,
there are studies that frame the symptoms of schizophrenia within
a systemic disease that also has basal metabolic manifestations
(Kirkpatrick, Miller, Garcfa-Rizo, & Fernandez-Egea, 2014).

Despite these advances in the understanding of the deleterious
effects of MetS and its possible causes, it is still not clear what the
prevalence of MetS in drug-naive individuals with psychotic dis-
order is. This is an important limitation as most of the risk factors
associated to MetS may play a role and tend to accumulate during
the first years of disease (such as tobacco, sedentarism or the use
of medication). This may be reflected by the important variation
of MetS in patients under medication, ranging from 35.3%
(Mitchell, Vancampfort, De Herdt, Yu, & De Hert, 2013;
Vancampfort et al, 2015) to 49% (Kraemer et al, 2011).
To date, only two meta-analyses in drug-naive patients with
psychotic disorders have been conducted: Vancampfort et al.
(2013) conducted research on cardio-metabolic abnormalities in
drug-naive, first-episode and multi-episode patients with schizo-
phrenia. One of their findings was that there was no significant
difference between untreated (10%) and first-episode (15.9%)
patients. A second meta-analysis (Mitchell et al., 2013) showed
the prevalence in untreated patients was 9.8%. These two works
report the most solid data; however, the authors of both papers
highlight several limitations, such as the difficulty in independ-
ently analysing naive patients with a first psychotic episode,
since they included studies with first episodes exposed to antipsy-
chotics for an indeterminate time. In addition, the ‘untreated’
patient group included patients in any phase of the disease,
thus the prevalence in this group may be confounded by the pres-
ence of other risk factors that develop during the disease.

Taking into account those limitations and the need to clarify
the prevalence of MetS in drug-naive patients with psychosis,
we conducted a meta-analysis of studies that strictly included
first psychotic episodes with 0-day exposure to antipsychotic
treatment, including a population aged above 18. This will lead
to a clearer understanding of the prevalence of MetS$ in this popu-
lation, allowing a better detection of such syndrome, and helping
the development of specific interventions.

Methods

The systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Moher, Liberati, Tetzlaff,
& Altman, 2009) and the Meta-Analysis of Observational
Studies in Epidemiology (MOOSE) (Stroup et al., 2000). It also
followed a protocol registered in PROSPERO (CRD42020180930).

Search strategy

We searched the Web of Science Core Collection, Embase and
Medline via Embase and PubMed platforms from inception
until November 2020. Our queries combined natural and con-
trolled terms related to: (first-episode psychosis or first-episode
schizophrenia or FEP or FES or psychosis or schizophrenia)
AND (antipsychotic-naive or antipsychotic-free or drug-naive
or drug-free or neuroleptic-naive or neuroleptic-free or never-
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medicated or untreated) AND (cholesterol or high-density lipo-
protein (HDL) or low-density lipoprotein (LDL) or triglycerides
or lipids or lipoproteins or MetS or metabolic or blood pressure
or metabolic dysregulation) (online Supplementary Table S3).
We manually screened all the references from the previous
reviews in the field and extracted relevant articles from the cita-
tions of the included manuscripts. Articles identified were
screened as abstracts, and after the exclusion of those which did
not meet our inclusion criteria, the full texts of the remaining arti-
cles were assessed for eligibility. Then, final decisions were made
regarding their inclusion in the review. We completed our search
by manually reviewing the references of the included articles and
extracting additional titles. Authors were contacted for missing
data and to clarify overlaps. We also searched grey literature,
and conducted a cross-reference search of relevant included stud-
ies and previous reviews. More details are provided in online
Supplementary Tables S6 and S12.

Study selection

Two independent co-authors (NGT and ARG) screened titles and
abstracts to identify studies that met the inclusion criteria outlined
above using Rayyan (Ouzzani, Hammady, Fedorowicz, &
Elmagarmid, 2016) software. The same two co-authors then con-
sidered eligible full texts among these articles and the final list of
included articles was reached through consensus. The k index was
0.931. Discrepancies over the eligibility of studies were resolved
through discussion with additional co-authors (MRV and BCEF).

Eligibility
Inclusion criteria: (i) studies on FEP patients; (ii) studies in which
psychosis diagnosis was determined according to either DSM-1V,
DSM IV-TR17, DSM-5 (American Psychiatric Association, 2013)
or International Classification of Diseases, Ninth or Ten Revision
(ICD-9 or ICD-10); (iii) studies on individuals with FEP defined
by the study authors as either drug-naive (0 days) or minimal
exposure regardless of the duration to antipsychotics will be con-
sidered for systematic review and studies on individuals with FEP
and drug-naive (0-day exposure to antipsychotic treatment) will
be included in prevalence meta-analysis; (iv) cross-sectional stud-
ies or baseline assessment of prospective and retrospective cohort
studies; (v) studies in which MetS diagnosis was confirmed or
rejected based on current endocrinal criteria; i.e. it was defined
according to any of these four sets of criteria: ATPIII-A, IDF,
JIS 2009 (Alberti et al, 2009), World Health Organization
(Alberti & Zimmet, 1998); and (vi) subjects aged above 18.
Exclusion criteria: (i) studies on chronic patients (=5 years
after the FEP), despite being naive; (ii) studies on animals or in
vitro; (iii) studies not designed to calculate prevalence:
quasi-experimental studies as they are unsuitable for measuring
prevalence, case and control studies as they are unsuitable for
measuring prevalence, randomised clinical trials as they are not
designed to calculate prevalence because their inclusion/exclusion
criteria are often restrictive, and subjects are not representative of
the general population (Munn, Moola, Lisy, Riitano, & Tufanaru,
2015); (iv) studies presenting data on MetS that did not fully meet
any of the above four sets of criteria; and (v) subjects aged above
65 [if a small proportion (<5% of the sample is aged >65), the
studies could be considered].
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Data extraction

DistillerSR (Evidence Partners, Canada) was used for data extrac-
tion, full text and quality assessment. Variables on data collection
forms included age, sex, country, ethnic origin, diagnosis, study
design, MetS criteria and samples. Data were collected independ-
ently by two co-authors (NGT and IRG). Two other independent
co-authors (MRV and BCF) were available for mediation when
inconsistencies arose.

Quality assessment

The Joanna Briggs Institute (Munn et al., 2015) for observational
studies was used. This scale assesses observational studies and
data needed to obtain prevalence. Total scores range from 0 to
10. For the total score grouping, risk of bias in studies was judged
as low (>7 points), moderate (4-6 points) and high (<4 points).
We used two versions, one for cross-sectional (Munn et al.,
2015) and another for cohort (Moola et al., 2020) studies (online
Supplementary Table S13).

Statistical analysis

We performed a meta-analysis of proportions for the prevalence
of MetS in antipsychotic-naive patients. Prevalence estimates
and 95% CI were calculated using a random-effect model due
to heterogeneity between the populations and characteristics of
the included studies (Barendregt, Doi, Lee, Norman, & Vos,
2013). When prevalence estimates tend towards 0% or 100%, it
overestimates the weight of individual studies in the meta-analysis
(Barendregt et al., 2013). We generated Forest plots for the preva-
lence estimates and their 95% CI of the individual studies and
pooled estimates. Forest plots were examined visually looking
for potential outliers. We assessed heterogeneity between studies
using the I” statistic, with an I* >50% indicating substantial het-
erogeneity according to others (Davies et al., 2020; Higgins,
Thompson, Deeks, & Altman, 2003). We assessed the publication
bias graphically using a funnel plot and the Egger’s test (Egger,
Smith, Schneider, & Minder, 1997). We explored sources of
heterogeneity presence of potential outliers that could explain
the heterogeneity [e.g. one individual study going in a different
direction to all the others according to others (Davies et al,
2020; Higgins et al,, 2003)] and with sensitivity, subgroup ana-
lyses and meta-regressions. For sensitivity analyses, we excluded
studies with sample sizes smaller than 50 participants, and studies
with either moderate or high risk of bias. We also conducted sub-
analyses in those studies that despite defining their studies as
drug-naive, included FEP participants with minimal exposure. We
also performed an analysis of influence and outliers according to
the methods proposed by Viechtbauer and Cheung (2010), and sep-
arate meta-analyses according to ATP-IIIA criteria and IDF. Lastly,
we compared the results with a sex and age-matched control group.
All analyses were performed using Comprehensive Meta-Analyses
software (Borenstein, Hedges, Higgins, & Rothstein, 2005).

Results
Search results

The search yielded 4143 articles. After the removal of duplicates,
2473 abstracts and titles were screened. At the full-text stage, 112
were screened, 18 articles were included in a systematic review, 13
(De Hert et al., 2008; Effat et al., 2012; Enez Darcin, Yalcin Cavus,

Dilbaz, Kaya, & Dogan, 2015; Garcia-Rizo et al., 2017; Grover,
Nebhinani, Chakrabarti, Parakh, & Ghormode, 2012; Kraemer
et al, 2011; Martin Otafo, Barbadillo Izquierdo, Galdeano
Mondragén, Alonso Pinedo, & Querejeta Ayerdi, 2013; Medved,
Kuzman, Jovanovic, Grubisin, & Kuzman, 2009; Owiredu, Osei,
Amidu, Appiah-Poku, & Osei, 2012; Saddicha, Ameen, &
Akhtar, 2007; Sahpolat & Ari, 2021; Saloojee, Burns, & Motala,
2018; Srivastava, Bhatia, & Sharma, 2018) articles were included
in the main statistical analyses (prevalence of MetS in drug
naive, 0 days of antipsychotic medication) (Fig. 1) and an add-
itional five studies that included up to 47 days were considered
for the supplementary sensitivity analysis (see below).

Study and participant characteristics

We found 18 studies that reported patients with FEP and a
drug-naive condition. As expected, the definition of naive was
not defined exactly the same way in all the studies ranging
between 0 and 47 days. The length of antipsychotic exposure
was reported as 0 days in the majority of studies (Tables 1 and 2)
(k=13, n=1009), up to 14 days in one study (k=1, n=76)
(Srihari et al, 2013), and up to 47 days in four studies (k=4,
n=711) (Chiliza et al., 2015; Correll et al., 2014; Fleischhacker
et al,, 2013; Pallava, Chadda, Sood, & Lakshmy, 2012) (Tables 3
and 4). For the sake of accuracy, to calculate the prevalence in
our meta-analysis, only the 13 studies with strictly naive patients
(0-day exposure) were included, but we decided to keep the five
studies that included medication use up to 47 days in order to
provide a comparison in sensitivity analysis.

Across these 13 included studies, 1009 individuals with FEP
and strictly naive (0-day exposure) were included. Additionally,
one study (n=76) with minimally treated subjects (0-14 days)
and four studies (n=711) with subjects treated up to 47 days
are available as post-hoc analyses in online Supplementary Figs.
S2-85. The age of participants ranged from 22 to 43 years and
the percentage of female participants was 47.15% (n=471). In
most studies, diagnosis was confirmed after the FEP, schizophrenia
being the most frequent (Table 1). All studies used validated criteria
for the diagnosis of the MetS: ATP-IIIA (N=9), IDF (N=3), JIS (N
=1), both ATP-IIIA and IDF (N =5). In the studies reporting data
with ATP III and IDF, the former was chosen to calculate the overall
prevalence. More details are provided in online Supplementary
Table S8. Participants’ ethnic origins were: Caucasian (N=5),
Indian (N=3), Middle East (N=3), Afro-descendants (N=2)
(online Supplementary Figs. S7a-e). Geographical location was
Europe (N=5), Africa (N=3), Asia (N=5) (Tables 1 and 2).

Pooled MetS prevalence

The total cases of MetS were 131 out of 1009 FEP subjects.
The prevalence of MetS in strictly naive patients with FEP is
13.2% (95% CI 8.7-19.0) (n =1009, k = 13) (Fig. 2). Some studies
did not fall within the pooled prevalence estimate (Effat et al.,
2012; Enez Darcin et al., 2015; Owiredu et al., 2012). Three studies
reported a high prevalence of 40% (Effat et al., 2012), 32% (Enez
Darcin et al., 2015) and 31.5% (Sahpolat & Ari, 2021). The study
visually furthest from the pooled prevalence estimate (k =1, n = 20)
(Effat et al., 2012) considered ‘naive’ as either never treated (0-day
exposure) or drug-free for at least 6 months before the com-
mencement of the study (Table 1). The graphical funnel plot
and Eggers test (Fig. S1 online supplemental) showed there is no
evidence of publication bias, so no trim and fill adjustment was
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Fig. 1. PRISMA flow diagram.

needed ( p = 0.4507). Only four studies reported the prevalence of
MetS among women (Effat et al., 2012; Garcia-Rizo et al., 2017;
Grover et al, 2012; Medved et al, 2009). The total cases of
MetS among women were 19 out of 173. Overall prevalence esti-
mate was 9.6% (95% CI 3-14; I* 57.02%, p = 0.06). The total cases
of MetS among men were 14 out of 165. Overall prevalence esti-
mate in men was 12.5% (95% CI 3-39).

Sensitivity and subgroup analyses

Ethnicity and geographical location
The subgroup analysis of the 13 papers based on geographical
location showed that the prevalence of MetS in studies performed

in Europe was 9.7% (95% CI 5-18), in Africa 8.3% (95% CI
10-44) and in Asia 20% (95% CI 12-30). Studies in Asia showed
the highest prevalence. We found that studies in Africa have the
highest variability between their prevalence. Only two studies
were performed in the Afro-descendant population, from
Ghana and South Africa (Owiredu et al., 2012; Saloojee et al.,
2018). We conducted sensitivity analysis removing those studies
and we found changes in the overall prevalence from 13.2% to
16%. Separate meta-analysis based on subjects’ ethnic origin
showed that the prevalence of MetS in studies with Caucasian
patients was 9.7% (95% CI 4.7-18), Afro-descendants 3.2%
(95% CI 1.4-7.5). We pooled studies conducted in the Middle
East and in India and found a MetS prevalence of 32.8% (95%
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Table 1. Characteristics of the studies included in the meta-analysis

Author

Design

Diagnosis

Exposure to
antipsychotics
(max. no of days)

Age mean
(s.0.)

Women (n)

FEP
naive

(n)

Controls MetS/n
(prevalence %)

Findings

Effat

Cross-sectional

ICD-10: F20,
F23, F31.2,
F33.3

0

32.45 (14.7)

20

7/20 (35%)

Patients with severe mental illness are more
likely to develop MetS even before the
administration of neuroleptic medication. In
this study, impaired Oral Glucose Tolerance
Test (considered a gold standard for testing
the risk of diabetes according to WHO, 1999),
increased waist circumference and obesity
(BMI430 kg/m2) showed significant
correlations in the development of MetS
among the groups studied.

Grover

Cross-sectional

ICD-10: F20

31 (12.2)

18

46

Findings of the present study suggest that
although only few antipsychotic-naive
patients diagnosed with schizophrenia have
metabolic syndrome, a significantly large
proportion of patients have altered metabolic
parameters.

Kraemer

Baseline
assessment of
longitudinal
cohorts

ICD-10: F20

43 (14.0)

93

162

Unmedicated cohort had a significantly lower
prevalence of MetS compared to any other
previous antipsychotic treatment cohort.

Medved

Baseline
assessment of
longitudinal
cohorts

DSM-IV: 295.10/
295.20/295.30/
295.60/295.90,
295.70, 297.1

31 (7.8)

94

94

Metabolic disturbances seemed to be
prevalent in unmedicated schizophrenic
patients, approximately 15% fulfilled criteria
for full metabolic syndrome. It is striking that
about one-third of unmedicated patients have
low HDL and high triglycerides.

Owiredu

Cross-sectional

ICD-10: F23

26.2 (1.0)

58

100

The prevalence was significantly higher
among psychiatric patients on treatment as
compared to treatment-naive group using
NCEP ATP Il (21.0% v. 2.0%; p <0.0001) and
IDF (29.0% v. 2.0%; p < 0.0001) criteria but not
WHO (13.0% v. 14.0%; p =0.8372). These
overall prevalence rates were higher
compared to the general Ghanaian
population prevalence rates of 3.9%, 2.2%
and 7.8% determined with the NCEP ATP III,
WHO and IDF criteria respectively.

Srivastava

Cross-sectional

ICD-10: F20

92

Metabolic syndrome (MeS) was observed in
29.35% chronic patients, 19.56%
antipsychotic-naive first-episode
schizophrenia.

Otafno-Martin

Baseline
assessment of
longitudinal
cohorts

ICD-10: F20,
F23, F20.81, F25

30.74 (9.3)

10

19

No metabolic syndrome was observed in
antipsychotic naive individuals.

(Continued)
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Table 1. (Continued.)

Exposure to FEP
antipsychotics Age mean naive Controls MetS/n

Author Design Diagnosis (max. no of days) (s.0.) Women (n) (n) (prevalence %) Findings

Saddichha Baseline DSM-IV: 295.10/ 0 26.06 (5.5) 47 99 1/51 (1.96%) Data confirmed the high prevalence of MetS
assessment of 295.20/295.30/ for an Indian population of patients.
longitudinal 295.60/295.90
cohorts

Saloojee Baseline DSM-IV: 295.10/ 0 22.8 (3.7) 19 67 3/67 (4.50%) Authors state that a possible explanation for
assessment of 295.20/295.30/ their finding of a low prevalence of MetS in
longitudinal 295.60/295.90, antipsychotic-naive individuals with SMI
cohorts 295.70 includes a high proportion of black African

participants (97%) and an increased
prevalence of cannabis abuse (49.3%).

Garcia-Rizo Baseline DSM-IV: 295.10/ 0 28.8 (8.3) 54 84 4/98 (4.00%) MetS might not be an efficient risk factor for
assessment of 295.20/295.30/ evaluating the cardiovascular risk in naive
longitudinal 295.60/295.90 patients. Authors propose the use of
cohorts HOMA-IR, a method used to quantify insulin

resistance.

De Hert Baseline DSM-IV: 298.9 0 22.3 (3.2) 42 148 There was no significant difference in rates of
assessment of MetS at the first episode between patients
longitudinal admitted to hospital today and patients
cohorts admitted 15-20 years ago in the sample

under study, although there were significant
differences in rates on individual MetS
criteria. This suggests that possible
population lifestyle changes do not play an
important role before treatment is started.

Enez Darcin Cross-sectional DSM-IV: 295.10/ 0 31.8 (10.3) 11 42 4/70 (5.71%) The rates of the diagnoses of metabolic

295.20/295.30/ syndrome and metabolic disturbances were

295.60/295.90 significantly higher in the patients with
schizophrenia than in the controls, and the
former group consisted of drug-naive and
drug-free patients. This result highlights that
there may be some factors other than
antipsychotic drugs that could be responsible
for the high risk and high prevalence of
metabolic syndrome in individuals with
schizophrenia.

Sahpolat Cross-sectional DSM-IV: 295.10/ 0 29.0 (9.6) 18 38 5/41 (12.19%) The study reports that the mean FBG level

295.20/295.30/
295.60/295.90

was significantly higher in the FEPP (99.7 +
18.6). The METSAR study demonstrated that
the mean blood level of the HDL in Turkish
adults was 49 mg/dl. Accordingly, the study
found that the mean HDL level was
significantly lower in the FEPP (40.9 +10.6
mg/dl).
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Table 2. MetS prevalence of studies included in the meta-analysis

Author Year Country FEP naive (n) MetS prevalence (95% Cl) Diagnostic criteria Risk of bias
De Hert 2008 Belgium 148 5% (2-9) ATP IlI-A Low
Medved 2008 Croatia 94 15% (9-23) IDF Low
Saddichha 2008 India 99 10% (4.2-16) & 18.2 (10-25) ATP IlI-A & IDF Low
Grover 2011 India 46 13% (3-22) & 10.86% (0.2-20) ATP IlI-A & IDF Low
Kraemer 2011 Germany 162 21% (15-28) ATP 1II-A Low
Effat 2012 Egypt 20 40% (22-61) IDF Moderate
Otafio 2012 Spain 19 0% (0-17) ATP IlI-A Low
Owiredu 2012 Ghana 100 2% (0.7-4.7) & 2% (0.7-4.7) & 14% (7-20) ATP |lI-A & IDF & OMS Moderate
Garcia-Rizo 2017 Spain 84 6% (3-13) ATP 1II-A Low
Saloojee 2017 South Africa 67 4% (2-12) JIS-2009 Moderate
Srivastava 2018 India 92 20% (13-29) IDF Moderate
Enez Darcin 2015 Turkey 42 32% (18-47) & 39% (25-55) ATP Il & IDF Moderate
Sahpolat 2020 Turkey 38 28.9% (16-45) & 31.5% (16.9-46.4) ATP IlI-A & IDF Moderate

CI 24-42) and of 14.3% (95% CI 9.2-21), respectively (online
Supplementary Figs. S7a-e).

Antipsychotic exposure and diagnostic MetS criteria

Although our meta-analysis includes drug-naive (0-day exposure)
patients only, we additionally performed post hoc sensitivity
analyses through one-study-removed analysis on five studies with-
out a strictly naive definition, one that included minimal exposure
(0-14 days) and four that included up to 47-day exposure
(Figs. S2-S4 online supplementary material). The use of the 0-14
range is based on the recent evidence about the time considered
as minimal exposure (Pillinger, Beck, Gobjila, et al, 2017;
Pillinger, Beck, Stubbs, et al., 2017) and the observed large changes
in metabolic parameters in a median time of 6 weeks with some
antipsychotics (Pillinger et al., 2020).

Our post hoc analysis shows no significant changes in preva-
lence after removing studies. The prevalence of MetS was 12.2%
(studies with 0 and 0-14 days of exposure, n=1085, k=14)
and 12.2% (47 days of exposure, n =711, k =4), while the preva-
lence of MetS patients reported as naive in the eighteen studies
was 12.3% (95% CI 0.8-17.0) (n=1796, k=18). All in all, these
sensitivity analyses show that the prevalence in strictly naive
(0 days of exposure) is 13.2% (95% CI 8.7-19.0) (online
Supplementary Figs. $2-5S4). From the excluded studies observed
in Table 4, the minimal exposure study (Srihari et al., 2013) has
the lowest prevalence of MetS. More details are provided in
Fig. 2 and in online Supplementary Figs. S2-S4.

Sensitivity analyses based on diagnostic MetS criteria were also
conducted in 13 studies. Although it seems all of them yield dif-
ferent prevalence estimates, there are no statistically significant
differences between them. However, it is worth flagging that
MetS prevalence is higher when diagnosed according to IDF v.
ATP-IITA criteria (online Supplementary Figs. S9-S11). We
found that although the prevalence is more than double the
prevalence with IDF, the confidence intervals of the prevalence
in both subgroups ATP III 10% (95% CI 6-15) and IDF 21.8%
(95% CI 12-34) match the confidence intervals of the global
prevalence estimator 12.9% (95% CI 8-18). This result can be

clearly observed by visual inspection of the forest plot figure
(online Supplementary Figs. S9-S11). Additionally, in the four
studies where both IDF and ATP-IIIA criteria were used to diag-
nose MetS, we performed individual meta-analyses for IDF and
for ATP-IITA showing that MetS prevalence in the same popula-
tion is higher when diagnosed according to IDF than ATP-IIIA
(online Supplementary Figs. S9-S11).

Other sensitivity and subgroup analysis

Sensitivity analyses based on sample size and one-study-removed
analysis were also conducted (online Supplementary Fig. S2). One
study (Effat et al., 2012) may be an outlier based on visual inspec-
tion. However, when excluding it from the analysis, the overall
prevalence estimate just changed from 13.2% (95% CI 8.7-19.5)
to 12% (95% CI 8-18). This change is not statistically significant.
The influence analysis of Effat’s study is visually striking, but not
significant because it has a low weight (w = 1.34%).

Heterogeneity, quality assessment and meta-regressions

Heterogeneity was high for the primary analysis evaluating
the pooled prevalence of MetS [I*=81.03%, Q=63, df(12),
p=0.00]. Also heterogeneity between subgroups was observed
in the stratified analysis by criteria used for MetS [I% = 83.0%,
Q=7.57, df(2), p=0.023]. We conducted meta-regressions
using as covariates diagnostic criteria used for MetS, risk of
bias, geographical location, ethnic origin of participants and
patient settings. Geographical location is not a source of hetero-
geneity (R 0.00). Ethnicity accounted for 3% of the heterogeneity
between studies, and diagnostic criteria used for MetS accounted
for 7%. An additional meta-regression was performed using the
MetS parameters of each study. The individual parameters for
diagnosing MetS do not represent a source of heterogeneity for
the prevalence estimates. The means of systolic blood pressure,
diastolic blood pressure, serum glucose, HDL cholesterol and tri-
glycerides are not significantly related to the estimated prevalence
of MetS. The quality check agreement between the two raters was
81.8%. The risk of bias was graded as low (=7 points) for nine
studies (De Hert et al., 2008; Enez Darcin et al, 2015;
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Table 3. Antipsychotic exposure and findings in not strictly naive FEP

Exposure to FEP Controls MetS/
APs (max. no Age Women naive n (prevalence

Author Design Diagnosis of days) (mean) (n) (n) %) Findings

Srihari Baseline DSM-IV: 295.10/ 14 22.4 (4.8) 8 76 2/156 (1.28%) No elevations in the prevalence of metabolic
assessment of 295.20/295.30/ syndrome (1.31% v. 1.28%) or 10-year risk of
longitudinal 295.60/295.90 developing coronary heart disease (0.70% v.
cohorts 0.74%) at treatment entry compared to healthy

controls were detected. Both groups were well
within the ‘low risk’ (below 10%) category.

Pallava Cross-sectional ICD10: F20, F22 42 28.10 (7.2) 28 50 Prevalence of 26% in the drug-free/naive group

and 50% in those on antipsychotic treatment
appear higher.

Correll Cross-sectional DSM-IV: 295.10/ 47 23.6 (5.0) 106 394 Early in psychotic illness and after a mean of
295.20/295.30/ only 6.7 weeks of antipsychotic exposure, lipid
295.60/295.90, abnormalities and insulin resistance markers
295.70 ICD-10: F23, were elevated and significantly related to lifetime
F20.81 and individual antipsychotic exposure.

Fleischhacker Baseline DSM-IV: 295.10/ 42 25.4 (5.4) 59 160 Baseline MetS prevalence in patients was

’ assessment of 295.20/295.30/ comparable to that reported in the general
longitudinal 295.60/295.90, population, despite serious underlying individual
cohorts 295.70 risk factors existed. Findings showed that 58%

had at least one pre-existing MetS risk factor. The
MetS rate observed in the first-episode patients
in EUFEST appears to be no higher than that in a
general population of similar age.

Chiliza Baseline DSM-IV: 295.10/ 28 24 (6.5) 30 107 The baseline MetS rate of 16% in the sample is
assessment of 295.20/295.30/ considerably higher than that reported in other
longitudinal 295.60/295.90, studies. Authors acknowledged that this may
cohorts 295.70 reflect the particular risk of MetS even in young

individuals in emerging economies globally.
Cohort comprised largely individuals of mixed
ethnicity in the greater Cape Town area - a
community where the prevalence of MetS and
diabetes has hugely increased in recent years
and is predicted to reach epidemic proportions.
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Table 4. Prevalence of metabolic syndrome in not strictly naive patients with FEP

Author Year Country FEP naive (n) MetS prevalence (95% Cl) Diagnostic criteria Risk of bias
Pallava 2011 India 50 26% (16,40) IDF Low
Fleischhacker 2012 Sweden 160 6% (3,10) ATP 1II-A Low
Chiliza 2015 South Africa 107 16% (10,24) ATP lII-A Low
Srihari 2013 USA 76 1.3% (0,3.9) ATP IlI-A Low
Correll C 2014 USA 394 8% (5.9, 11) ATP 1l Low
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Vieight
rate limit limit Total (Random)
Effat 2012 0,400 0,214 0,620 8/20 + 1,34
Grover 2012 0,130 0,060 0,261 6/46 - 1,37
Kraemer 2011 0,210 0,154 0,279 /162 E ) 1,74
Medved 2009 0,149 0,090 0236  14/94 R 1,61
Owiredu 2012 0,020 0,005 0,076 27100 0,96
Srivastava 2018 0,196 0,127 0289  18/92 - 165
Martin-Otafio 2013 0,025 0,002 0,298 0/19 039
Saddichha 2008 0,101 0,055 0,178 10/99 B 1,54
Saloojee 2018 0,045 0,015 0,130 3/67 - 1,13
Garcia-Rizo 2017 0,060 0,025 0,135 5/84 - 1,33
De Hert 2008 0,047 0,023 0,096 71148 1,46
Enez Darcin 2015 0,325 0,199 0,483 13140 —H— 1,54
Sahpolat 2020 0,289 0,168 0,451 11/38 ——+ 1,50
0,132 0,087 0195  131/1009 &
0,80 0,40 0,00 0,40 080
Prevalence

Fig. 2. Forest plot showing MetS prevalence in strictly naive patients (0 days).

Garcia-Rizo et al., 2017; Grover et al., 2012; Kraemer et al., 2011;
Martin Otafo et al.,, 2013; Medved et al., 2009; Saddicha et al.,
2007; Sahpolat & Ari, 2021) and graded as medium (4-6 points)
for four studies (Effat et al., 2012; Owiredu et al., 2012; Saloojee
et al., 2018; Srivastava et al., 2018). Studies with a medium risk
of bias (k =4) reported a lower prevalence of 11% (95% CI 3.0-
31.0) than studies with low risk of bias, which reported a preva-
lence of 13.9% (95% CI 8.0-21.0) but the difference between
them is not statistically significant. Study quality scores of the
18 full-text selected studies may be found in online
Supplementary Tables S6, S13 and Fig. S9.

Waist circumference

As for central obesity, nine of 13 studies reported data on waist
circumference (De Hert et al, 2008; Effat et al., 2012; Enez
Darcin et al,, 2015; Kraemer et al., 2011; Medved et al., 2009;
Owiredu et al, 2012; Saddicha et al, 2007; Saloojee et al,
2018). Patients in studies that reported a waist circumference lar-
ger than 90 cm had higher MetS prevalence than those with smal-
ler than 90 cm (21% v. 7%; p < 0.001).

Control comparison

Of the 13 studies included, only six had control groups (348 cases
and 347 controls) being all of them matched by sex and age (Effat
et al,, 2012; Enez Darcin et al., 2015; Garcia-Rizo et al., 2017;
Saddicha et al., 2007; Sahpolat & Ari, 2021; Saloojee et al.,
2018). In this context, three of them used ATP-III criteria, two
used IDF criteria and one used JIS-2009 criteria. Following the
analysis of these studies, we found that the odds of having MetS
in naive FEP individuals was double than in controls (OR 2.52,
p=0.007) (Fig. 3). Of note is that we used studies with naive
(0 days of exposure) patients to control comparison.

Discussion

This is the first meta-analysis of studies that strictly included
patients with FEP with 0-day exposure to antipsychotic treatment.
The prevalence of MetS in strictly naive patients with FEP is
13.2%. Our results are consistent with the most solid published
meta-analysis on MetS in early stages of psychosis, including
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Risk of MetS: naive FEP patients vs healthy controls

Study name Statistics for each study

Odds  Lower  Upper

ratio limit limit ZValue p-Value
Effat 1,238 0343 4464 0,326 0,744
Saddichha 5618 0699 45177 1,623 0,105
Saloojee 1,000 0194 5142 0,000 1,000
Garcia-Rizo 1487 07386 5728 0,577 0,564
Enez Darcin 7,944 2377 26,556 3,366 0,001
Sahpolat 3,323 1,043 10,568 2,031 0,042

2,560 1,291 5078 2,690 0,007

Events / Total Odds ratio and 95% Cl
FEP Controls
8120 7120
10/99 1151 —
3/67 3167
5/84 4198
13/40 4170 —E—
12138 51741
51/348 241347 <o

001 0,1 1 10 100

prevalence

Fig. 3. Forest plot showing comparison between naive (0 days) first-episode psychosis patients v. healthy controls.

patients under medication and untreated patients at any stage of
the disease, where a prevalence of 9.8% was found (Mitchell et al.,
2013). In contrast to this research, we specifically analysed
patients with a first psychotic episode with no exposure to
antipsychotics.

Naive patients have double the amount of risk of MetS than
general population

Our meta-analysis reports a higher risk of MetS in naive patients
with FEP compared to age-matched and sex-matched controls.
We used studies with naive patients (0 days of exposure) to con-
trol comparison, being all of them sex- and age-matched. The
similar rates of MetS found in our study and in a previous
meta-analysis (Vancampfort et al., 2013) conducted in chronic
populations (OR = 2.52 against OR = 2.35) is an intriguing finding
that requires further exploration. It could also mean that anti-
psychotic use is not the only factor that can explain MetS; and
that other factors, for which we have not accounted in this
work, and that can account for it are already present early in
the disease. In addition to antipsychotics, diet and a sedentary
lifestyle, the tendency towards obesity in a group of patients
with schizophrenia may also be influenced by genetic factors
(Hasnain, 2015) and by the impact of social adversity (Aas
et al,, 2017; Alameda et al., 2020). In this regard, one aspect to
consider in future research could be the possible pathway linking
social stress with obesity-related outcomes in people with psych-
osis, exploring the role of inflammation, stress hormones and the
genetic and epigenetic underpinnings (Coleman, Krapohl, Eley, &
Breen, 2018). Furthermore, current research suggests genetic vul-
nerability that specifically predisposes a subgroup of individuals
to present metabolic alterations that are triggered by the use of
antipsychotics (Crespo-Facorro, Prieto, & Sainz, 2019; Tomasik
et al., 2019).

Two studies included in our systematic review but not included
in our OR calculation (Correll et al., 2014; Fleischhacker et al.,
2013) did not use age- and sex-matched controls, but compared
their MetS prevalence results in naive patients with the general

population based on findings from the Third National Health
and Nutrition Examination Survey USA (Ford, Giles, & Dietz,
2002). The EUFEST study (Fleischhacker et al.,, 2013) found a
5.6% prevalence of MetS in naive patients, which is similar to
the 6% MetS prevalence reported for men and women in the
USA aged 20-29 years old in an analysis of 8814 adults aged
>20 years from the NHANES-III (1988-1994) survey (Ford
et al,, 2002). However, the MetS rate observed in the FEP patients
in EUFEST (Fleischhacker et al., 2013) appears to be no higher
than that of a general population of similar age. In the
RAISE-ETP study (Correll et al., 2014), a slightly higher preva-
lence of MetS was found in naive patients compared to the general
population (Ford et al., 2002) of the same age (8.6% v. 6.0%).

A recent study (Moore, Chaudhary, & Akinyemiju, 2017)
reported that rates of MetS in the general US population (all eth-
nicities combined, 1988-2012) in the age range of 18-29 was
approximately 10%, increasing to approximately 20% in the 30-
49 age bracket. No studies included in our meta-analysis used
the recent published data (Moore et al., 2017) as control groups.
One study (Grover et al., 2012) found that the prevalence of MetS
in naive patients was lower than that of the general population
(13% v. 39.5%). However, the population used as a control
consisted mainly of women, with sedentary habits and with
first-degree relatives who had a history of diabetes: all of these
are cardiovascular risk factors. Therefore, the higher prevalence
of MetS in naive psychotics could be due to the fact that the latter
were younger. For this reason, the Grover study was not used for
the OR calculation.

Current criteria for MetS may not characterise risk in
non-Caucasian populations

In our results, we identify that ethnic origin is a source of hetero-
geneity, which coincides with the majority of previous studies
where ethnic differences have been described in the prevalence
of MetS in patients with FEP (McEvoy et al., 2005; Tek et al.,
2016). In this context, the slight complexion of the Asian popula-
tion discourages the use of the same circumference criteria as for
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the population of European descent (Lear, James, Ko, &
Kumanyika, 2010). Asian populations have a lower prevalence
of obesity (32.3% Asians v. 38.6% Westerners) (Arai et al,
2006), lower HDL cholesterol (8.2% v. 37.1%), higher triglyceride
(23.0% v. 30.0%) and abnormal glucose levels (11.3% v. 12.6%)
compared to Western populations (Ford et al., 2002). The preva-
lence of MetS in the general population might also be lower than
that of the Western population.

In four of the included studies, the systematic review (Chiliza
et al., 2015; Correll et al., 2014; Owiredu et al., 2012; Saloojee
et al., 2018) mentioned ethnic differences as a possible element
of confusion when determining results, and in two of them
(Chiliza et al., 2015; Saloojee et al., 2018), it is suggested that
this is the main source of variability in the prevalence of MetS
in patients with FEP. Additionally, the low prevalence of MetS
in naive patients could be explained because they include a high
proportion of Afro-descendant patients (97%) and a high preva-
lence of cannabis use (49.3%), both of which are factors that can
modify the risk of MetS. In the same line, it has been described
(Patel et al.,, 2009) how for other ethnic groups the prevalence
of MetS at 52 weeks of treatment is almost double that of
Afro-descendants. On the contrary, several epidemiological stud-
ies reported that Afro-descendants have a higher risk of metabolic
disorders such as insulin resistance and high blood pressure
(Chaturvedi, 2003). The explanation for this contradiction could
be the underestimation of the risk of MetS in Afro-descendants
within the current definitions of MetS according to the IDF and
ATP-TIA criteria, since these were initially created for
Caucasian populations and there are factors not duly taken into
account, such as body fat distribution and risk of insulin resist-
ance (De Lucia Rolfe, Ong, Sleigh, Dunger, & Norris, 2015).
Hence, based on ATP-IIIA and IDF, various scientific societies
in Asian and Latin American countries have adapted their own
MetS criteria.

Other potential predictors of cardiovascular risks in FEP

MetS is a predictor of cardiovascular risk. Within 5-10 years, risk
is best calculated with classic scales (Framingham or SCORE),
which include age, gender, total cholesterol, LDL and tobacco
use (Grundy, 2006). Our study found that the prevalence of
tobacco use was 40%. Bearing in mind that a large percentage
of patients with schizophrenia are smokers, it would be useful
to include the influence of tobacco on future predictors of cardio-
vascular risk.

The alteration of individual metabolic parameters in naive
FEP, such as glycaemic or lipid alterations, is widely described
in the existing literature. In a recent meta-analysis, Pillinger
et al. (2020) found increased insulin resistance in drug-naive
FEP compared with controls. For this reason, the use of other
markers like insulin resistance as predictors of cardiovascular
risk has been proposed (Garcia-Rizo et al., 2017). Several cardio-
vascular risk prediction algorithms have been developed, but only
three are validated on psychiatric patients (QRISK3, QDiabetes
and PRIMROSE) and these are validated with samples from
only elderlies (Perry et al., 2020). Most of the analysed studies
show that among the individual parameters, waist circumference
relates the most to changes in MetS prevalence, finding MetS
prevalence higher in those with the highest abdominal perimeter.
Additionally, we found that the prevalence of altered waist cir-
cumference is 14% in naive patients with FEP.
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Limitations of the current work itself should be noted: hetero-
geneity across studies which may be due to disparity in MetS cri-
teria. Although we tried our best to account for potential
heterogeneity resulting from the different MetS criteria (conduct-
ing sensitivity analysis according to studies that used IDF or
ATP-IITIA and conducting separated meta-analysis with studies
that reported prevalence with ATPIII-A and with IDF) we were
still unable to account for variations in all criteria (e.g. JIS-2009
and WHO criteria). We were not able to exclude patients/controls
that were prescribed other psychiatric/physical health medications
other than antipsychotics known to impact metabolic function
and we could not account for the level of depressive symptom
or comorbid depression in our meta-regressions, a factor known
for being associated with obesity-related outcomes (Lasserre
et al., 2014), thus we cannot exclude that depression is influencing
our prevalence estimates. It is also known that people with psych-
otic disorders are less likely to present to physical health services
compared with the general population. As such, there is a risk of
under-reporting and thus under-estimating the prevalence of
MetS in this cohort.

In terms of limitations related to the included studies in
meta-analysis, two studies (Owiredu et al., 2012; Saloojee et al.,
2018) were the only ones conducted on Afro-descendant ethnicity
and the overall prevalence increased when those were removed in
sensitivity analyses. However, one of them (Saloojee et al., 2018)
was the only study that reported cannabis consumption, which
has been associated with low odds of MetS in both general popu-
lation (Vidot et al., 2016) and patients with FEP (Stiles, Alcover,
Stiles, Oluwoye, & McDonell, 2020), low odds of overweightness
(Vazquez-Bourgon et al,, 2019) and low odds of non-alcoholic
fatty liver (Vazquez-Bourgon et al,, 2019) in patients with FEP.
We were not able to see the influence of cannabis on prevalence
accurately. Unfortunately, we do not have enough data to accur-
ately see the influence of age on prevalence as most studies
reported the mean and not age range, and the few reported age
ranges are not mutually excluding. Besides, the control group
studies remain relatively low.

To conclude, our findings of increased rates of MetS in
patients with antipsychotic-naive FEP suggest that we are under-
estimating cardiovascular risk in this cohort, especially in those of
non-Caucasian origin. The role of cannabis in the modulation of
MetS requires additional research. Early predictors of cardiovas-
cular risk for schizophrenia should be determined considering
different patient phenotypes according to precision medicine.
Future research should focus on the predictors of cardiovascular
risk including common molecular and environmental factors, as
our findings support that altered metabolic parameters in FEPs
are not exclusively due to antipsychotic treatments.
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Tables

Table S1. PRISMA statement and checklist

Section/topic

#

Checklist item

TITLE

Title

1

Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured
summary

Provide a structured summary including, as applicable: background;
objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic
review registration number.

INTRODUCTION

Rationale

Describe the rationale for the review in the context of what is
already known.

Objectives

Provide an explicit statement of questions being addressed with
reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

METHODS

Protocol and
registration

Indicate if a review protocol exists, if and where it can be accessed
(e.g., Web address), and, if available, provide registration
information including registration number.

Eligibility criteria

6

Specify study characteristics (e.g., PICOS, length of follow-up) and
report characteristics (e.g., years considered, language, publication
status) used as criteria for eligibility, giving rationale.

Information
sources

Describe all information sources (e.g., databases with dates of
coverage, contact with study authors to identify additional studies)
in the search and date last searched.

4 & table

S3

Search

Present full electronic search strategy for at least one database,
including any limits used, such that it could be repeated.

4 & table
S3

Study selection

9

State the process for selecting studies (i.e., screening, eligibility,
included in systematic review, and, if applicable, included in the
meta-analysis).

4-5




. Describe method of data extraction from reports (e.g., piloted forms,| 4
Data collection . . . L
10[independently, in duplicate) and any processes for obtaining and
process - . g
confirming data from investigators.
List and define all variables for which data were sought (e.g., 4
Data items 11|PICOS, funding sources) and any assumptions and simplifications
made.
Describe methods used for assessing risk of bias of individual 5
Risk of bias in studies (including specification of whether this was done at the
individual studies | [study or outcome level), and how this information is to be used in
any data synthesis.
Summary e 7
13|State the principal summary measures
measures
Risk of bias 15 Specify any assessment of risk of bias (i.e. Newcastle-Ottawa 8
across studies Scale (NOS), that may affect the cumulative evidence.
. Describe methods of additional analyses (e.g., sensitivity or 6
Additional . . o .
16[subgroup analyses, meta-regression), if done, indicating which
analyses e
were pre-specified.
RESULTS
Give numbers of studies screened, assessed for eligibility, and Fig 1
Study selection [17[included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.
Stud For each study, present characteristics for which data were Table 1
y - 18|extracted (e.g., study size, PICOS, follow-up period) and provide and 2
characteristics .
the citations.
Risk of bias Present data on risk of bias of each study and, if available, any 8
within studies outcome level assessment.
. ) Table 1
Results of For all outcomes considered (benefits or harms), present, for each
Lo . |20 . .
individual studies | [study a summary data for each intervention group.
6
Synthesis of 21|Present results of study analysed.
results
Table 2
Risk of bias . . .
. 22|Present results of any assessment of risk of bias across studies
across studies
7
Additional 3 Give results of additional analyses, if done (e.g., sensitivity or and
analysis subgroup analyses, meta-regression table
S11




DISCUSSION
Summarize the main findings including the strength of evidence for | 9
Summary of . ) . )
. 24|each main outcome; consider their relevance to key groups (e.g.,
evidence ) .
healthcare providers, users, and policy makers).
Discuss limitations at study and outcome level (e.g., risk of bias), 10
Limitations 25[and at review-level (e.g., incomplete retrieval of identified research,
reporting bias).
. Provide a general interpretation of the results in the context of other| 11
Conclusions 26| . L
evidence, and implications for future research.
FUNDING
. Describe sources of funding for the systematic review and other 2
Funding 27 ) . )
support; role of funders for the systematic review.

Table S2. Moose checklist

Criteria

Brief description of how the criteria were handled in the
meta-analysis

Reporting of background sho

uld include

v | Problem definition

It is unclear what the prevalence of “Metabolic Syndrome (MetS) in
drug naive First Episode of Psychosis (FEP) is, as previous meta-
analyses were conducted in minimally exposed or drug naive FEP
patients with psychotic disorder at the later stages of disease; thus
a meta-analysis examining MetS in this population is needed.

V' | Hypothesis statement

Altered metabolic parameters in FEPs are not exclusively due to
antipsychotic treatments.

N Description of study
outcomes

studies in which MetS diagnosis was confirmed or rejected based
on current endocrinal criteria; i.e. it was defined according to any
of these four sets of criteria: ATPIII-A, IDF, JIS 2009 and WHO

N Type of exposure or
intervention used

N Type of study designs
used

Cross sectional studies or baseline assessment of prospective and
retrospective cohort studies

\ | Study population

Studies on FEP patients, (ii) Studies in which psychosis
diagnosis was determined according to either DSM-IV, DSM IV-
TR17, DSM-5 (American Psychiatric Association, 2013) or
International Classification of Diseases, Ninth or Ten Revision
(ICD-9 or ICD-10); (iii) Studies on individuals with FEP defined by
the study authors as either drug-naive (0 days) or minimal
exposure regardless of the duration to antipsychotics will be
considered for systematic review and studies on individuals with
FEP and drug-naive (0-day exposure to antipsychotic treatment)
will be included in prevalence meta-analysis

Reporting of search strategy should include

N ‘ Qualifications of searchers

The credentials of the investigators are indicated in the author list.




Search strategy, including

The search strategy is included in table 3 of supplemental

\ | time period included in the material
synthesis and keywords
Databases and registries We searched the website of Science Core Collection, Embase
\ searched 9 and Medline via Embase and PubMed platforms from inception
until November 2020.
Included studies of relevant systematic reviews/ meta-analyses
| Use of hand searching and the references from the included studies were manually
screened and searched.
N I;Insé (t)ri;glst:t;rgulgggted Details of the literature search process are outlined in the results
including justificatio;ws section and PRISMA flowchart.
Method of addressing
\ gﬁ;{,e:gngéﬁlﬁﬁgn Only articles in the English language were selected.
English
Method of handling C . .
. Only original individual studies that were fully accessible were
v :tt:Js(;;tir:gts and unpublished included in our study.
Descrintion of anv contact Authors were contacted in the case of missing data or for further
\ P y information, through email. If no response was given, there was

with authors

one further attempt at contact.

Reporting of methods should

include

Description of relevance
or appropriateness of

Detailed inclusion and exclusion criteria are described in the

\ | studies assembled for methods section
assessing the hypothesis '
to be tested
Rationale for the selection Data ex_tracted from ga_ch of the stud_ies are relevant to the
\ and coding of data population characteristics, study design and study outcomes.
\ éjﬁ%susr?;?nné of We did not investigate confounding factors
Assessment of study
N quality and stratification or | We evaluated the quality of the included studies using the JBI
regression on possible tool
predictors of study results
V ﬁ:f’;zzgsgii;f Heterogeneity was assessed with the 12 index.
Description of statistical A random-eﬁect_s meta-analysis was used._Heterogengit_y among
v | methods in sufficient detail study pomt estimates was _gssgssed using .Q sta’gstlcs. The
to be replicated proportion of the tota_ll variability in the effect size estimates was
evaluated with the 12 index.
Figures are included to reflect the literature search process and
N Provision of appropriate forest plots of the meta-analyses conducted. Tables are also

tables and graphics

provided to depict additional data of all analyses conducted and
to present relevant key information

Reporting of results should include

Table summarizing

\' | individual study estimates | We reported this in the results and supplementary section.
and overall estimate

N I]?gl!‘rangl\igzgfgf:;gﬁus\ﬁ d We have presented descriptive information for each study in the
included Y| tables within the supplementary material.

N thai?iﬁgs of sensitivity Subgroup analyses were conducted as specified in the

manuscript.




N Indication of statistical We discuss in our limitations some potential bias that should be
uncertainty of findings taken into account when interpreting our findings.

Reporting of discussion should include

N Quantitative assessment Our discussion discusses potential bias that have been taken into
of bias account

We excluded studies based on the rationale of other meta-
analysis and our own judgement and this is documented in the
methods section, supported with tables in SM and discussed in
the main manuscript.

\ | Justification for exclusion

N Assessment of quality of
included studies

Reporting of conclusions should include

Consideration of
\ | alternative explanations We have addressed this point in the discussion section.
for observed results

\ Generalization of the We have addressed this point in the discussion section.

conclusions
v g;g::g]es for future We have addressed this point in the discussion section.
v Egicrlcczasure of funding We have addressed this point at the end of the discussion section

Table S3. Search Strategy

Pubmed Search Query

(("first-episode"[All Fields] AND ("psychotic disorders"[MeSH Terms] OR ("psychotic"[All
Fields] AND "disorders"[All Fields]) OR "psychotic disorders"[All Fields] OR "psychosis"[All
Fields])) OR ("first-episode"[All Fields] AND ("schizophrenia"[MeSH Terms] OR
"schizophrenia"[All Fields] OR "schizophrenias"[All Fields] OR "schizophrenia s"[All
Fields])) OR "FEP"[AIl Fields] OR "FES"[AIl Fields] OR ("psychotic disorders"[MeSH
Terms] OR ("psychotic"[All Fields] AND "disorders"[All Fields]) OR "psychotic
disorders"[All Fields] OR "psychosis"[All Fields]) OR ("schizophrenia"[MeSH Terms] OR
"schizophrenia"[All Fields] OR "schizophrenias"[All Fields] OR "schizophrenia s"[All
Fields])) AND ("antipsychotic-naive"[All Fields] OR "antipsychotic-free"[All Fields] OR
"drug-naive"[All Fields] OR "drug-free"[All Fields] OR "neuroleptic-naive"[All Fields] OR
"neuroleptic-free"[All Fields] OR "never-medicated"[All Fields] OR "untreated"[All Fields])
AND ("cholesterol"'[MeSH Terms] OR "cholesterol"[All Fields] OR "cholesterol s"[All Fields]
OR "cholesterole"[All Fields] OR "cholesterols"[All Fields] OR "HDL"[AIl Fields] OR
("oxidized low density lipoprotein"[Supplementary Concept] OR "oxidized low density
lipoprotein"[All Fields] OR "IdI"[All Fields]) OR ("triglycerid"[All Fields] OR
"triglycerides"[MeSH Terms] OR "triglycerides"[All Fields] OR "triglyceride"[All Fields] OR
"triglycerids"[All Fields]) OR ("lipid s"[All Fields] OR "lipidate"[All Fields] OR "lipidated"[All
Fields] OR "lipidates"[All Fields] OR "lipidation"[All Fields] OR "lipidations"[All Fields] OR
"lipide"[All Fields] OR "lipides"[All Fields] OR "lipidic"[All Fields] OR "lipids"[MeSH Terms]
OR "lipids"[All Fields] OR "lipid"[All Fields]) OR ("lipoprotein s"[All Fields] OR
"lipoproteine"[All Fields] OR "lipoproteins"[MeSH Terms] OR "lipoproteins"[All Fields] OR
"lipoprotein"[All Fields]) OR "MetS"[All Fields] OR ("metabolic"[All Fields] OR
"metabolical"[All Fields] OR "metabolically"[All Fields] OR "metabolics"[All Fields] OR
"metabolism"[MeSH Terms] OR "metabolism"[All Fields] OR "metabolisms"[All Fields] OR
"metabolism"[MeSH Subheading] OR "metabolic networks and pathways"[MeSH Terms]
OR ("metabolic"[All Fields] AND "networks"[All Fields] AND "pathways"[All Fields]) OR




"metabolic networks and pathways"[All Fields] OR "metabolities"[All Fields] OR
"metabolization"[All Fields] OR "metabolize"[All Fields] OR "metabolized"[All Fields] OR
"metabolizer"[All Fields] OR "metabolizers"[All Fields] OR "metabolizes"[All Fields] OR
"metabolizing"[All Fields]) OR ("blood pressure"[MeSH Terms] OR ("blood"[All Fields]
AND "pressure"[All Fields]) OR "blood pressure"[All Fields] OR "blood pressure
determination"[MeSH Terms] OR ("blood"[All Fields] AND "pressure"[All Fields] AND
"determination"[All Fields]) OR "blood pressure determination"[All Fields] OR ("blood"[All
Fields] AND "pressure"[All Fields]) OR "blood pressure"[All Fields] OR "arterial
pressure"[MeSH Terms] OR ("arterial"[All Fields] AND "pressure"[All Fields]) OR "arterial
pressure"[All Fields] OR ("blood"[All Fields] AND "pressure"[All Fields])) OR
(("metabolic"[All Fields] OR "metabolical"[All Fields] OR "metabolically"[All Fields] OR
"metabolics"[All Fields] OR "metabolism"[MeSH Terms] OR "metabolism"[All Fields] OR
"metabolisms"[All Fields] OR "metabolism"[MeSH Subheading] OR "metabolic networks
and pathways"[MeSH Terms] OR ("metabolic"[All Fields] AND "networks"[All Fields] AND
"pathways"[All Fields]) OR "metabolic networks and pathways"[All Fields] OR
"metabolities"[All Fields] OR "metabolization"[All Fields] OR "metabolize"[All Fields] OR
"metabolized"[All Fields] OR "metabolizer"[All Fields] OR "metabolizers"[All Fields] OR
"metabolizes"[All Fields] OR "metabolizing"[All Fields]) AND ("dysregulate"[All Fields] OR
"dysregulated"[All Fields] OR "dysregulates"[All Fields] OR "dysregulating"[All Fields] OR
"dysregulation”[All Fields] OR "dysregulations"[All Fields])))

Translations

psychosis: "psychotic disorders"[MeSH Terms] OR ("psychotic"[All Fields] AND
"disorders"[All Fields]) OR "psychotic disorders"[All Fields] OR "psychosis"[All Fields]
schizophrenia: "schizophrenia"[MeSH Terms] OR "schizophrenia"[All Fields] OR
"schizophrenias"[All Fields] OR "schizophrenia's"[All Fields]

psychosis: "psychotic disorders"[MeSH Terms] OR ("psychotic"[All Fields] AND
"disorders"[All Fields]) OR "psychotic disorders"[All Fields] OR "psychosis"[All Fields]
schizophrenia: "schizophrenia"[MeSH Terms] OR "schizophrenia"[All Fields] OR
"schizophrenias"[All Fields] OR "schizophrenia's"[All Fields]

cholesterol: "cholesterol"'[MeSH Terms] OR "cholesterol"[All Fields] OR "cholesterol's"[All
Fields] OR "cholesterole"[All Fields] OR "cholesterols"[All Fields]

LDL: "oxidized low density lipoprotein"[Supplementary Concept] OR "oxidized low density
lipoprotein"[All Fields] OR "IdI"[All Fields]

triglycerides: "triglycerid"[All Fields] OR "triglycerides"[MeSH Terms] OR
"triglycerides"[All Fields] OR "triglyceride"[All Fields] OR "triglycerids"[All Fields]

lipids: "lipid's"[All Fields] OR "lipidate"[All Fields] OR "lipidated"[All Fields] OR
"lipidates"[All Fields] OR "lipidation"[All Fields] OR "lipidations"[All Fields] OR "lipide"[All
Fields] OR "lipides"[All Fields] OR "lipidic"[All Fields] OR "lipids"[MeSH Terms] OR
"lipids"[All Fields] OR "lipid"[All Fields]

lipoproteins: "lipoprotein's"[All Fields] OR "lipoproteine"[All Fields] OR
"lipoproteins"[MeSH Terms] OR "lipoproteins"[All Fields] OR "lipoprotein"[All Fields]
metabolic: "metabolic"[All Fields] OR "metabolical"[All Fields] OR "metabolically"[All
Fields] OR "metabolics"[All Fields] OR "metabolism"[MeSH Terms] OR "metabolism"[All
Fields] OR "metabolisms"[All Fields] OR "metabolism"[Subheading] OR "metabolic
networks and pathways"[MeSH Terms] OR ("metabolic"[All Fields] AND "networks"[All
Fields] AND "pathways"[All Fields]) OR "metabolic networks and pathways"[All Fields] OR
"metabolities"[All Fields] OR "metabolization"[All Fields] OR "metabolize"[All Fields] OR
"metabolized"[All Fields] OR "metabolizer"[All Fields] OR "metabolizers"[All Fields] OR
"metabolizes"[All Fields] OR "metabolizing"[All Fields]

blood pressure: "blood pressure"[MeSH Terms] OR ("blood"[All Fields] AND
"pressure"[All Fields]) OR "blood pressure"[All Fields] OR "blood pressure
determination"[MeSH Terms] OR ("blood"[All Fields] AND "pressure"[All Fields] AND
"determination"[All Fields]) OR "blood pressure determination"[All Fields] OR ("blood"[All
Fields] AND "pressure"[All Fields]) OR "blood pressure"[All Fields] OR "arterial
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pressure"[MeSH Terms] OR ("arterial"[All Fields] AND "pressure"[All Fields]) OR "arterial
pressure"[All Fields] OR ("blood"[All Fields] AND "pressure"[All Fields])

metabolic: "metabolic"[All Fields] OR "metabolical"[All Fields] OR "metabolically"[All
Fields] OR "metabolics"[All Fields] OR "metabolism"[MeSH Terms] OR "metabolism"[All
Fields] OR "metabolisms"[All Fields] OR "metabolism"[Subheading] OR "metabolic
networks and pathways"[MeSH Terms] OR ("metabolic"[All Fields] AND "networks"[All
Fields] AND "pathways"[All Fields]) OR "metabolic networks and pathways"[All Fields] OR
"metabolities"[All Fields] OR "metabolization"[All Fields] OR "metabolize"[All Fields] OR
"metabolized"[All Fields] OR "metabolizer"[All Fields] OR "metabolizers"[All Fields] OR
"metabolizes"[All Fields] OR "metabolizing"[All Fields]

dysregulation: "dysregulate"[All Fields] OR "dysregulated"[All Fields] OR
"dysregulates"[All Fields] OR "dysregulating"[All Fields] OR "dysregulation"[All Fields] OR
"dysregulations"[All Fields]

EMBASE Search Query

(‘first episode' AND ('psychosis'/exp OR 'psychosis' OR (('psychotic'/exp OR psychotic)
AND ('disorders'/exp OR disorders)) OR 'psychotic disorders'/exp OR 'psychotic disorders'
OR 'psychosis'/exp OR psychosis) OR ('first episode' AND ('schizophrenia'/exp OR
'schizophrenia’ OR 'schizophrenia'/exp OR schizophrenia OR schizophrenias OR
'schizophrenia s')) OR fep OR fes OR (('psychotic'/exp OR psychotic) AND (‘disorders'/exp
OR disorders)) OR 'psychotic disorders'/exp OR 'psychotic disorders' OR 'psychosis'/exp
OR psychosis OR 'schizophrenia'/exp OR schizophrenia OR schizophrenias OR
'schizophrenia s') AND (‘antipsychotic naive' OR 'antipsychotic free' OR 'drug naive' OR
'drug free' OR 'neuroleptic naive' OR 'neuroleptic free' OR 'never medicated' OR
untreated) AND (‘cholesterol'/exp OR 'cholesterol' OR 'cholesterol'/exp OR cholesterol OR
'cholesterol s' OR cholesterole OR cholesterols OR 'hdl'/exp OR hdl OR 'oxidized low
density lipoprotein[supplementary concept]' OR 'oxidized low density lipoprotein'/exp OR
'oxidized low density lipoprotein' OR 'ldI'/exp OR Idl OR triglycerid OR 'triacylglycerol'/exp
OR 'triacylglycerol' OR 'triglycerides'/exp OR triglycerides OR 'triglyceride'/exp OR
triglyceride OR triglycerids OR 'lipid s' OR lipidate OR lipidated OR lipidates OR
'lipidation'/exp OR lipidation OR lipidations OR lipide OR lipides OR lipidic OR 'lipid'/exp
OR 'lipid' OR 'lipids'/exp OR lipids OR 'lipid'/exp OR lipid OR 'lipoprotein s' OR lipoproteine
OR 'lipoproteins'/exp OR 'lipoproteins' OR 'lipoproteins'/exp OR lipoproteins OR
'lipoprotein'/exp OR lipoprotein OR mets OR metabolic OR metabolical OR metabolically
OR metabolics OR 'metabolism'/exp OR 'metabolism' OR 'metabolism'/exp OR
metabolism OR metabolisms OR (metabolic AND networks AND pathways) OR 'metabolic
networks and pathways'/exp OR 'metabolic networks and pathways' OR metabolities OR
'metabolization'/exp OR metabolization OR metabolize OR metabolized OR metabolizer
OR metabolizers OR metabolizes OR metabolizing OR ((‘blood'/exp OR blood) AND
('pressure'/exp OR pressure) AND determination) OR 'blood pressure determination'/exp
OR 'blood pressure determination’ OR 'blood pressure'/exp OR 'blood pressure' OR
(arterial AND ('pressure'/exp OR pressure)) OR 'arterial pressure'/exp OR 'arterial
pressure' OR (('blood'/exp OR blood) AND (‘pressure'/exp OR pressure)) OR ((metabolic
OR metabolical OR metabolically OR metabolics OR 'metabolism'/exp OR 'metabolism’
OR 'metabolism'/exp OR metabolism OR metabolisms OR (metabolic AND networks AND
pathways) OR 'metabolic networks and pathways'/exp OR 'metabolic networks and
pathways' OR metabolities OR 'metabolization'/exp OR metabolization OR metabolize OR
metabolized OR metabolizer OR metabolizers OR metabolizes OR metabolizing) AND
(dysregulate OR dysregulated OR dysregulates OR dysregulating OR dysregulation OR
dysregulations))) AND [embase]/lim

Web of Science Core Collection
Search in All Databases




TS=(first-episode psychosis or first-episode schizophrenia or FEP or FES or psychosis or
schizophrenia) AND

#1 Results = 332828

TS=(antipsychotic-naive or antipsychotic-free or drug-naive or drug-free or neuroleptic-
naive or neuroleptic-free or never-medicated or untreated) AND

#2 Results = 307388

TS=(cholesterol or HDL or LDL or triglycerides or lipids or lipoproteins or metabolic
syndrome or metabolic or blood pressure or metabolic dysregulation)

#3 Results = 5051070

#3 AND #2 AND #1

#4 Results = 1048

Table S4. Diagnostic manuals’ codes associated with the relevant
psychosis diagnoses included

Diagnosis Code used Code used within
within ICD-10 DSM-IV

Schizophrenia F20 295.10/295.20/
295.30/295.60/
295.90

Brief psychotic F23 -

disorder

Schizophrenifor | F20.81 Schizophreniform

m disorder disorder

Bipolar disorder | F31.2 296.04/296.44/

with psychotic 296.54/296.64

features

Schizoaffective | F25.0 295.70

disorder

Psychosis, not F29 298.9

otherwise

specified

Table S5. Inclusion criteria for outcomes measures used to
metabolic syndrome

The instruments below were chosen for being the most common instruments used to assess
metabolic syndrome in general population and were chosen by authors after careful
examination of relevant reviews in the field and based on their previous experience in clinical
practise. If during the full text screening, a new instrument not included in the initially
considered, it was discussed in a group meeting whether it should be included or not. Only
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validated instruments were considered, which means that they went through a validation study
process, where the usual parameters of quality were examined (inter-rater reliability,
concurrent validity etc...)

Diagnosis is made when three or more are present:

e Waist circumference of more than 102 cm in men or
more than 88 cm in women.

ATP-lIIA e Fasting triglyceride level of 150 mg/dL or higher.

e Blood pressure level of 130/85 mm Hg or higher.

e Low HDL-C level (defined as < 1.04 mmol/L [40 mg/dL]
in men or < 1.29 mmol/L [50 mg/dL] in women)

e Central obesity and any 2 out of these 4 other
factors:

e Triglyceride level of 1.7 mmol/L (150 mg/dL) or higher.

e Low HDL-C level (defined as < 1.04 mmol/L [40 mg/dL]
in men or < 1.29 mmol/L [50 mg/dL] in women)

e Blood pressure of 130/85 mm Hg or higher.

e Fasting hyperglycemia (defined as glucose level 25.6
mmol/L [100 mg/dL]) or previous diagnosis of diabetes
or IGT.

IDF

> 3 out of these parameters:

Fasting glucose>100mg/dL

Blood pressure level of 130/85 mm Hg or higher.
Fasting triglyceride level of 150 mg/dL or higher.

Low HDL-C level (defined as < 1.04 mmol/L [40 mg/dL]
in men or < 1.29 mmol/L [50 mg/dL] in women)

JIS-2009

¢ Insulin resistance is defined as type 2 diabetes mellitus
(DM) or impaired fasting glucose (IFG) (> 100 mg/dl) or
impaired glucose tolerance (IGT), plus two of the
following:

e Abdominal obesity (waist-to-hip ratio > 0.9 in men or >
0.85 in women, or body mass index (BMI) > 30 kg/m?.

WHO e Triglycerides 150 mg/dl or greater, and/or high-density
lipoprotein (HDL)-cholesterol < 40 mg/dl in men and <
50 mg/dl in women.

e Blood pressure (BP) 140/90 mmHg or greater.

e Microalbuminuria (urinary albumin secretion rate 20
Mg/min or greater, or albumin-to-creatinine ratio 30
mg/g or greater).
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Table S6 All (18) full text selected studies, quality assessment and their respective reasoning for the
exclusion of meta-analysis (K=18)

Autor Year | Patients Strictly Naive | MetS | Risk of Reason of exclusion
(0 days) bias

Chilliza 2015 | FEP Yes Yes | Low Not strictly naive

Grover 2012 | Schizophrenia | Yes Yes | Low Included

Kraemer 2011 | FEP Yes Yes | Low Included

Medved 2009 | FEP Yes Yes | Low Included

Owiredu 2012 | Schizophrenia | Yes Yes | Moderate | Included

Pallava 2012 | FEP No Yes | Low Not strictly naive

Srivastava 2018 | FEP Yes Yes | Moderate | Included

Martin 2013 | FEP Yes Yes | Low Included

Otano

Kraemer 2011 | FEP Yes Yes | Low Included

Saloojee 2018 | FEP Yes Yes | Moderate | Included

Fleichhacker | 2013 | FEP No Yes | Low Not strictly naive

De hert 2008 | FEP Yes Yes | Low Included

Enez Darcin | 2015 | FEP Yes Yes | Moderate | Included

Sahpolat 2020 | FEP Yes Yes | Moderate | Included

Srihari 2013 | FEP No Yes | Low Not strictly naive

Garcia Rizo | 2017 | FEP Yes Yes | Low Included

Correll 2014 | FEP No Yes |Low Not strictly naive

Effat 2012 | FEP Yes Yes | Low Included

Saddicha 2008 | FEP Yes Yes | Low Included
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Table S7. Full text excluded articles and their respective reasoning for exclusion (K=94)

Baguero, Daniel, Goday Arno, Albert, Valles Callol, Joan Antoni

Author Title Reason of
exclusion

Aguilar, Eva, Coronas, Ramon, Caixas, Assumpta Metabolic syndrome in patients with schizophrenia and antipsychotic treatment No naive

Al-Amin, Md. Mamun, Uddin, Mir Muhammad Nasir, Reza, Hasan Effects of Antipsychotics on the Inflammatory Response System of Patients with No MetS

Mahmud Schizophrenia in Peripheral Blood Mononuclear Cell Cultures

Alvarez-Jimenez, M, Conzalez-Blanch, C, Perez-Iglesias, R, Crespo- | Attenuation of antipsychotic-induced weight gain with early behavioural intervention in | Type of

Facorro, B, Vazquez-Barquero, JL drug-naive first episode psychosis patients: a randomized controlled trial Study

Argo, Tami, Carnahan, Ryan, Barnett, Mitchell, Holman, Timothy L., Diabetes prevalence estimates in schizophrenia and risk factor assessment No naive

Perry, Paul J.

Arranz, B, Duenas, R, Ramirez, N, Fernandez, P, Sarro, S, San, L Initial stages of insulin resistance in young antipsychotic-free and not in antipsychotic- | No MetS
naive schizophrenic patients

Atbasoglu, E. Cem, Gumus-Akay, Guvem, Guloksuz, Sinan, Saka, Higher schizotypy predicts better metabolic profile in unaffected siblings of patients No naive

Meram Can, Ucok, Alp, Alptekin, Koksal, Gullu, Sevim, van Os, Jim with schizophrenia

Baeza, Immaculada, Castro-Fornieles, Josefina, Deulofeu, Ramon, Plasma homovanillic acid differences in clinical subgroups of first episode No MetS

de la Serna, Elena, Goti, Javier, Salva, Joan, Bernardo, Miguel schizophrenic patients

Baptista, Trino, Serrano, Ana, Uzcategui, Euderruh, EIFakih, Yamily, | The metabolic syndrome and its constituting variables in atypical antipsychotic-treated | No naive

Rangel, Nairy, Carrizo, Edgardo, Fernandez, Virginia, Connell, subjects: Comparison with other drug treatments, drug-free psychiatric patients, first-

Lisette, Araujo de Baptista, Enma, Quiroz, Segundo, Uzcategui, degree relatives and the general population in Venezuela

Marycelvia, Rondon, Juana, Matos, Yimber, Uzcategui, Lilia, Gomez,

Roald, Valery, Lenin, Novoa-Montero, Dario

Barnett, A. H., Mackin, P., Chaudhury, I., Farooqi, A., Gadsby, R., Minimising metabolic and cardiovascular risk in schizophrenia: diabetes, obesity and No naive

Heald, A., Hill, J., Millar, H., Peveler, R., Rees, A., Singh, V., Taylor, dyslipidaemia

D., Vora, J., Jones, P. B.

Bocchio-Chiavetto, Luisella, Zanardini, Roberta, Tosato, Sarah, Immune and metabolic alterations in first episode psychosis (FEP) patients No MetS

Ventriglia, Mariacarla, Ferrari, Clarissa, Bonetto, Chiara, Lasalvia,

Antonio, Giubilini, Franco, Fioritti, Angelo, Pileggi, Francesca, Pratelli,

Michela, Pavanati, Michele, Favaro, Angela, De Girolamo, Giovanni,

Frisoni, Giovanni Battista, Ruggeri, Mirella, Gennarelli, Massimo

Brunero, Scott, Lamont, Scott Systematic screening for metabolic syndrome in consumers with severe mental No MetS
illness

Bushe, Chris Glucose Abnormalities in Schizophrenia, Bipolar and Major Depressive Disorders No naive

Cakici, Nuray, Mill, Nina H van, Roza, Sabine J, Haan, Lieuwe De, T68. SUBCLINICAL PSYCHOTIC PHENOMENA ARE ASSOCIATED WITH No

Luik, Annemarie |, Beveren, Nico J van MARKERS OF AN ALTERED METABOLISM IN A LARGE COMMUNITY SAMPLE. psychosis

Castillo Sanchez, Miguel, Fabregas Escurriola, Mireia, Berge Psychosis, cardiovascular risk and associated mortality: Are we on the right track? No naive
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Castillo, Rolando I., Rojo, Leonel E., Henriquez-Henriquez, Marcela, From Molecules to the Clinic: Linking Schizophrenia and Metabolic Syndrome through | Type of

Silva, Hernan, Maturana, Alejandro, Villar, Maria J., Fuentes, Manuel, | Sphingolipids Metabolism study

Gaspar, Pablo A.

Chen, D. C., Du, X. D.,Yin, G. Z,, Yang, K. B., Nie, Y., Wang, N., Li, Impaired glucose tolerance in first-episode drug-naive patients with schizophrenia: No MetS

Y. L., Xiu, M. H,, He, S. C,, Yang, F. D., Cho, R. Y., Kosten, T. R, relationships with clinical phenotypes and cognitive deficits

Soares, J. C., Zhao, J. P., Zhang, X. Y.

Chen, Jinhong, Tan, Liwen, Long, Zhou, Wang, Lifeng, Hu, Li, Yang, Drug-naive patients with schizophrenia have metabolic disorders that are not No MetS

Dong associated with polymorphisms in the LEP (-2548G/A) and 5-HTR2C (-759C/T) genes

Chen, Song, Broqueres-You, Dong, Yang, Guigang, Wang, Zhiren, Relationship between insulin resistance, dyslipidaemia and positive symptom in No MetS

Li, Yanli, Wang, Ning, Zhang, Xiangyang, Yang, Fude, Tan, Yunlong Chinese antipsychotic-naive first-episode patients with schizophrenia

Chen, Song, Broqueres-You, Dong, Yang, Guigang, Wang, Zhiren, Male sex may be associated with higher metabolic risk in first-episode schizophrenia No MetS

Li, Yanli, Yang, Fude, Tan, Yunlong patients: A preliminary study

Choong, Eva, Quteineh, Lina, Cardinaux, Jean-Rene, Gholam- Influence of CRTC1 Polymorphisms on Body Mass Index and Fat Mass in Psychiatric | No naive

Rezaee, Mehdi, Vandenberghe, Frederik, Dobrinas, Maria, Bondolfi, Patients and the General Adult Population

Guido, Etter, Manuela, Holzer, Laurent, Magistretti, Pierre, von

Gunten, Armin, Preisig, Martin, Vollenweider, Peter, Beckmann,

Jacques S., Pralong, Francois P., Waeber, Gerard, Kutalik, Zoltan,

Conus, Philippe, Bochud, Murielle, Eap, Chin B.

Chouinard, Virginie-Anne, Henderson, David C., Dalla Man, Chiara, Impaired insulin signaling in unaffected siblings and patients with first-episode No MetS

Valeri, Linda, Gray, Brianna E., Ryan, Kyle P., Cypess, Aaron M., psychosis

Cobelli, Claudio, Cohen, Bruce M., Ongur, Dost

Citrome, L, Blonde, L, Damatarca, C Metabolic issues in patients with severe mental illness No naive

Cohn, TA, Wolever, T, Bois, D, Zipursky, RB, Remington, G First episode and neuroleptic free patients with schizophrenia have reduced insulin No MetS

sensitivity: A minimal model analysis

Cordes, J., Bechdolf, A., Moebus, S. Prevalence of the metabolic syndrome in patients at risk of psychosis No
psychosis

Cordes, Joachim, Bechdolf, Andreas, Engelke, Christina, Kahl, Kai Prevalence of metabolic syndrome in female and male patients at risk of psychosis No

G., Balijepalli, Chakrapani, Losch, Christian, Klosterkétter, Joachim, psychosis

Wagner, Michael, Maier, Wolfgang, Heinz, Andreas, de Millas,

Walter, Gaebel, Wolfgang, Winterer, Georg, Janssen, Birgit, Schmidt-

Kraepelin, Christian, Schneider, Frank, Lambert, Martin, Juckel,

Georg, Wobrock, Thomas, Riedel, Michael, Moebus, Susanne

Curtis, Jackie, Henry, Catherine, Watkins, Andrew, Newall, Hannah, Metabolic abnormalities in an early psychosis service: a retrospective, naturalistic No Naive

Samaras, Katherine, Ward, Philip B. cross-sectional study

Darcin, Asli Enez, Cavus, Sercin Yalcin, Dilbaz, Nesrin, Kaya, Hasan, | Metabolic syndrome in drug-naive and drug-free patients with schizophrenia and in Type of

Dogan, Eylem their siblings Study

Dasgupta, Anindya, Singh, Om Prakash, Rout, Jayanta Kumar, Saha, | Insulin resistance and metabolic profile in antipsychotic naive schizophrenia patients No MetS

Tanmay, Mandal, Sonai

Duda-Sobczak, Anna, Wierusz-Wysocka, Bogna Diabetes mellitus and psychiatric diseases No naive
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Ebert, Tanya, Midbari, Yael, Shmilovitz, Ronen, Kosov, Ira, Kotler, Metabolic effects of antipsychotics in prepubertal children: a retrospective chart No naive

Moshe, Weizman, Abraham, Ram, Anca review

Emul, Murat, Kalelioglu, Tevfik Etiology of cardiovascular disease in patients with schizophrenia: current perspectives | Type of
study

Enger, Cheryl, Jones, Meghan E, Kryzhanovskaya, Ludmila, Doherty, | Risk of developing diabetes and dyslipidemia among adolescents with bipolar No naive

Michael, McAfee, Andrew T disorder or schizophrenia.

Foley, Debra L., Mackinnon, Andrew, Watts, Gerald F., Shaw, Cardiometabolic Risk Indicators That Distinguish Adults with Psychosis from the No naive

Jonathan E., Magliano, Dianna J., Castle, David J., McGrath, John J., | General Population, by Age and Gender

Waterreus, Anna, Morgan, Vera A., Galletly, Cherrie A.

Fraguas, David, Merchan-Naranjo, Jessica, Laita, Paula, Parellada, Metabolic and hormonal side effects in children and adolescents treated with second- | No MetS

Mara, Moreno, Dolores, Ruiz-Sancho, Ana, Cifuentes, Alicia, generation antipsychotics

Giraldez, Marisa, Arango, Celso

Ganesh, Suhas, Ashok, Abhishekh Hulegar, Kumar, Prevalence and determinants of metabolic syndrome in patients with schizophrenia: A | Type of

Chennaveerachari Naveen, Thirthalli, Jagadish systematic review and meta-analysis of Indian studies Study

Graham, Karen A., Cho, Hyunsoon, Brownley, Kimberly A., Harp, Early treatment-related changes in diabetes and cardiovascular disease risk markers No naive

Joyce B. in first episode psychosis subjects

Grimm, Oliver, Kaiser, Stefan, Plichta, Michael M., Tobler, Philippe N. | Altered reward anticipation: Potential explanation for weight gain in schizophrenia? No naive

Hepgul, N., Pariante, C. M., Dipasquale, S., DiForti, M., Taylor, H., Childhood maltreatment is associated with increased body mass index and increased | No MetS

Marques, T. R., Morgan, C., Dazzan, P., Murray, R. M., Mondelli, V. C-reactive protein levels in first-episode psychosis patients

Horsdal, Henriette Thisted, Benros, Michael Eriksen, Kohler- Metabolic profile at first-time schizophrenia diagnosis: a population-based cross- No MetS

Forsberg, Ole, Krogh, Jesper, Gasse, Christiane sectional study

Khuhro, Quratulain, Channa, Naseem Aslam, Amur, Safdar Ali, Atypical Antipsychotics and Dyslipidemia- Experience at Psychiatry Hospital No MetS

Mugheri, Muhammad Haneef, Paras, Muzna, Soomro, Najaf Ali Hyderabad, Pakistan

Kirkpatrick, Brian W., Garcia-Rizo, Clemente, Fernandez-Egea, E., METABOLIC ABNORMALITIES IN NEWLY DIAGNOSED, ANTIPSYCHOTIC-NAIVE No MetS

Miller, Brian, Bernardo, M. PATIENTS WITH SCHIZOPHRENIA AND RELATED DISORDERS

Luckhoff, H. K., Kilian, S., Olivier, M. R., Phahladira, L., Scheffler, F., Relationship between changes in metabolic syndrome constituent components over Type of

du Plessis, S., Chiliza, B., Asmal, L., Emsley, R. 12months of treatment and cognitive performance in first-episode schizophrenia Study

Maayan, Lawrence, Correll, Christoph U. Weight gain and metabolic risks associated with antipsychotic medications in children | No naive

and adolescents

Malhotra, Nidhi, Grover, Sandeep, Chakrabarti, Subho, Kulhara, Metabolic syndrome in schizophrenia. Type of

Parmanand Study

Misiak, Btazej, Stanczykiewicz, Barttomiej, taczmanski, Lukasz, Lipid profile disturbances in antipsychotic-naive patients with first-episode non- No MetS

Frydecka, Dorota affective psychosis: A systematic review and meta-analysis

Mizrahi, Romina, Agid, Ofer, Borlido, Carol, Suridjan, Ivonne, Rusjan, | Effects of antipsychotics on D3 receptors: a clinical PET study in first episode No MetS

Pablo, Houle, Sylvain, Remington, Gary, Wilson, Alan A., Kapur, antipsychotic naive patients with schizophrenia using [11C]-(+)-PHNO

Shitij

Mondelli, Valeria, Pariante, Carmine M. Metabolic syndrome and obesity in psychosis: the possible mechanisms Type of
Study

Osby, Urban, Olsson, Eric, Edman, Gunnar, Hilding, Agneta, Psychotic disorder is an independent risk factor for increased fasting glucose and No naive
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waist circumference
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Srinivasan schizophrenia teated but
chronic
patients.
No FEP
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No
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from
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Table S8. Contact with authors

Autor Year | Patients Strictly Naive | MetS | Risk of Reason of exclusion Author Response
(0 days) bias contacted

Bashyal 2015 | FEP Yes Yes | Moderate |Incomplete data Yes yes

Bioque 2018 | FEP Yes Yes |low Incomplete data of total Yes yes
naive sample

Keinanen 2015 | FEP Yes Yes |low No MetS data Yes no

Nyboe 2015 | FEP Yes Yes | Moderate | Not naive data Yes no

Smith 2016 | FEP Yes Yes | Moderate | Not peer review published | Yes no

Anjum 2018 | Schizophrenia | Yes Yes |low MetS Prevalence is not Yes no
reported

Effat 2012 | FEP Yes Yes | Low Included Yes yes
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Table S9. Operationalization of the diagnostic criteria for MetS

Criteria Utilised by Total number of studies
De Hert 2008 4
Kraemer 2011
ATP-IIA Otafio-Matin 2012

Garcia-Rizo 2017

Grover 2011 5
Enez Darzin 2015
Both ATP-IIIA & IDF | Saddicha 2008
Sahpolat 2020
Owiredu 2012

3
Effat 2011
IDF Medved 2009
Srivastava 2011
JIS-2009 Saloojee 2017 1
OMS Owiredu 2012 1
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Table S10. Sensitivity analyses and heterogeneity

Heterogeneity*

Group No.of Sample Prevalence Z score P Test of heterogeneity between subgroups
Studies size
SubGroup % 95% CI Q df 12 P Q df P
MetS criteria
ATP-IIIA 9 736 11.4 6.4 19.5 -14.31  <0.001 61.4 83.0 0.000
7570 2 0.023
IDF 3 206 21.8 12.8 34.8 -7.73  <0.001 6.9 57.0 0.070
Others 1 67 45 1.5 13.0 -5.18  <0.001 0.0 0.0 1.000
Geographical location
Europe 5 507 9.7 4.7 18.0 -5.65  <0.001 21.7 4 81.6 0.000
. 3.466 2 0.177
Asia 5 315 19.6 12.5 29.3 -5.21  <0.001 12.7 4 68.6 0.113
Africa 187 8.3 1.0 44.0 -2.15 0.032 22.3 2 91.0 0.000
Risk of bias
Low 9 730 13.9 8.7 21.0 -6.798  <0.001 39.5 8 79.7 0.000 0.143 1 0.705
Moderate 4 279 11.0 8.5 32.0 -3.771  <0.001 31.1 5 83.9 0.000
*Only ATP-IIIA and IDF included in the subgroup analysis
Table S11. Meta-regressions
Group Q df p R2
MetS criteria 3.60 2 0.165 0.07
Geographical location 2.66 2 0.648 0.00
Risk of bias 0.07 1 0.794 0.00
Ethnicity 17 3 0.000 0.50
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Table S12. Grey Literature

Reports unrelated to MetS prevalence in FEP 118
Electronic resources 31
Magazines 30
Dissertations/Theses 14
Books 13
News 5
Conference proceedings 3
Electronic books 1
Videos 1
Opinion letter 1
Unpublished abstracts (Reddy et al., 2013) 2
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Forest plots

We performed sensitivity analyses removing studies based on exposure to antipsychotics (0 days, 0 days & 0-14 days, and up to 47 days) and also one study
removed analysis. Of particular note is that there is no significant difference in prevalence among the three groups. The prevalence of MetS in strictly naive
patients is 13.2% (Figure 2). The prevalence of MetS was 12.2% only with 0 days & 0-14 days of exposure, n=1085, k=14 (Figure S3) and 12.2% with up to
47 days of exposure, n=711, k=4 (Figure S4), while the overall prevalence of MetS patients reported as naive in all the included studies was 12.3% (95% CI:

0.8-17) (n=1796, k=18).

Figure S1. Funnel plot

Funnel Plot of Standard Error by Logit event rate

0,0

0,5

Standard Error

2,0

Logit event rate
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Figure S2. Forest plot showing one study removed analysis

One study removed

Study name Statistics with study removed Event rate (95% CI) with study removed
Lower Upper

Point Ilimit limit Z-Value p-Value
Effat 0,119 0,078 0,178 -8,319 0,000 -
Grover 0,131 0,084 0,200 -7,381 0,000 -
Kraemer 0,123 0,076 0,194 -7,162 0,000 S
Medved 0,129 0,081 0,199 -7,184 0,000 .
Owiredu 0,147 0,099 0,212 -7,686 0,000 =
Srivastava 0,125 0,078 0,194 -7,268 0,000 =
Otano Martin 0,137 0,090 0,202 -7,683 0,000 -
Saddichha 0,135 0,086 0,204 -7,257 0,000 s =
Saloojee 0,142 0,094 0,210 -7,493 0,000 -
Garcia-Rizo 0,141 0,092 0,209 -7,435 0,000 e
De Hert 0,146 0,098 0,212 -7,650 0,000 e
Enez Darcin 0,120 0,078 0,181 -8,108 0,000 L
Sahpolat 0,122 0,078 0,185 -7,872 0,000 -

0,132 0,087 0,195 -7,896 0,000 <o

-0,50 0,25 0,00 0,25 0,50
prevalence

Figure S2. Forest plot showing one study removed analysis
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Figure S3. Forest plot showing MetS prevalence in patients Strictly naive (0 days) and minimally treated
(0-14 days)

MetS prevalence in naive and minimally treated FEP

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Weight

rate limit limit Total (Random)

Effat 2012 0,400 0,214 0,620 8/20 —— 1,24
Grover 2012 0,130 0,060 0,261 6/ 46 - 1,27
Kraemer 2011 0,210 0,154 0,279 34/162 . 3 1,58
Medved 2009 0,149 0,090 0,236 14/94 L = 1,47
Owiredu 2012 0,020 0,005 0,076 2/100 - 0,90
Srivastava 2018 0,196 0,127 0,289 18/92 E = 1,51
Martin-Otafio 2013 0,025 0,002 0,298 0/19 — 0,38
Saddichha 2008 0,101 0,055 0,178 10/99 B 1,42
Saloojee 2018 0,045 0,015 0,130 3/67 - 1,06
Garcia-Rizo 2017 0,060 0,025 0,135 5/84 [ 1,24
De Hert 2008 0,047 0,023 0,096 7/148 | 1,34
Srihari 2013 0,013 0,002 0,088 1/76 0,62
Enez Darcin 2015 0,325 0,199 0,483 13/40 - 1,41
Sahpolat 2020 0,289 0,168 0,451 11738 —— 1,38

0,121 0,079 0,182 132/1085 &

-0,80 -0,40 0,00 0,40 0,80

Prevalence

Figure S3. Forest plot showing MetS prevalence in strictly naive patients (0 days) and minimally treated (0-15 days) patients
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Figure S4. Forest plot showing MetS prevalence in patients treated up 47 days

VetS prevalence in treated patients (up to 47 days)

Study name
Event
rate
Chiliza B 0,159
Pallava 0,260

Fleischhacker 0,056
Correll C 0,086
0,122

Statistics for each study

Lower Upper
limit Z-Value p-Value Total

limit

0,101
0,157
0,030
0,062
0,066

0,241 -6,302
0,398 -3,244
0,105 -8,219
0,118 -13,152
0,214 -5,744

0,000 17 /107
0,001 13/50
0,000 9/160
0,000 34 /394
0,000 73 /711

-0,50

Event rate and 95% CI

-0,25

11—
——
-
i
<49
0,00 0,25 0,50
prevalence

Figure S4. Forest plot showing MetS prevalence in treated patients (up to 47 days)
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Figure S5. Forest plot showing MetS prevalence in patients minimally treated (0-14 days) and up to 47
days

Minimally treated and up to 47 days of exposure

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit Z-Value p-Value Total

Chiliza B 0,159 0,101 0,241 -6,302 0,000 17 /107 ——

Pallava 0,260 0,157 0,398 -3,244 0,001 13/50

Fleischhacker 0,056 0,030 0,105 -8219 0,000 9/ 160 -

Srihari 0,013 0,002 0,088 -4289 0,000 1/76 —

Correll C 0,086 0,062 0,118 -13,152 0,000 34 /394 B

0,102 0,054 0,186 -6,120 0,000 74 /787 <o
-0,50 -0,25 0,00 0,25 0,50
prevalence

Figure S5. Forest plot showing MetS prevalence in minimally treated (0-14 days) patients and up to 47 days of expost
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Figure S6. Forest plot showing subgroups by geographical location

Group by Study name Statistics for each study
Geographical location Event Lower Upper

rate limit limit p-Value Total
Africa Effat 2012 0,400 0,214 0,620 0,374 8/20
Africa Owiredu 2012 0,020 0,005 0,076 0,000 2/100
Africa Saloojee 2018 0,045 0,015 0,130 0,000 3/67
Africa 0,083 0,010 0,447 0,032 13/187
Asia Grover 2012 0,130 0,060 0,261 0,000 6/46
Asia Srivastava 2018 0,196 0,127 0,289 0,000 18/92
Asia Saddichha 2008 0,101 0,055 0,178 0,000 10/99
Asia Enez Darcin 2015 0,325 0,199 0,483 0,030 13/40
Asia Sahpolat 2020 0,289 0,168 0,451 0,012 11/38
Asia 0,196 0,125 0,293 0,000 58/ 315
Europe Kraemer 2011 0,210 0,154 0,279 0,000 34/162
Europe Medved 2009 0,149 0,090 0,236 0,000 14/94
Europe Martin-Otafio 20130,025 0,002 0,298 0,011 0/19
Europe Garcia-Rizo 2017 0,060 0,025 0,135 0,000 5/84
Europe De Hert 2008 0,047 0,023 0,096 0,000 7/148
Europe 0,097 0,047 0,188 0,000 60/507
Overall 0,154 0,106 0,218 0,000131/1009

Event rate and 95% ClI

+
Y

L o

-
s 3
—
-
<
.
.

|
L
‘<>
&
00

Favours A Favours B

-0,80 -0,40 0, 0,40

0,80

Weight
(Separate tau)
0,28
0,26
0,27

2,27
3,15
2,78
2,76
2,66

1,70
1,58
0,38
1,31
1,43

Figure S6. Forest plot showing subgroups by geographical location
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Figure S7a. Sensitivity analysis by ethnicity removing afrodescendants

Sensitivity analyisis by ethnicity

limit p-Value Total

0,620
0,261
0,279
0,236
0,289
0,298
0,178
0,135
0,096
0,483
0,451

0,374 8/20
0,000 6/46
0,000 34 /162
0,000 14/94
0,000 18/92
0,011 0/19
0,000 10/99
0,000 5/84
0,000 7/148
0,030 13/40
0,012 11/38

Study name Statistics for each study
Event Lower Upper
rate limit
Effat 2012 0,400 0,214
Grover 2012 0,130 0,060
Kraemer 2011 0,210 0,154
Medved 2009 0,149 0,090
Srivastava 2018 0,196 0,127
Martin-Otano 2013 0,025 0,002
Saddichha 2008 0,101 0,055
Garcia-Rizo 2017 0,060 0,025
De Hert 2008 0,047 0,023
Enez Darcin 2015 0,325 0,199
Sahpolat 2020 0,289 0,168
0,159 0,108

0,228

0,000 126 / 842

Event rate and 95% CI

-0,80

-

-
u

)
|

-
.
-
18
4

-0,40 0,00 0,40 0,80

Favours A Favours B

Weight
(Random)

1,64
1,68
2,27
2,05
2,12
0,41
1,94
1,62
1,81
1,93
1,88

Figure S7a. Sensitivity analysis removing stidies with afro-descendants
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Figure S7b. MetS prevalence in Afrodescendants

MetS prevalence in afrodescendants

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit Z-Value p-Value
Owiredu 0,020 0,005 0,076 -5,449 0,000
Saloojee 0,045 0,015 0,130 -5181 0,000 B

0,032 0,014 0,075 -7,465 0,000 ’

-0,50 -0,25 0,00 0,25 0,50
prevalence

Figure S7b. MetS prevalence in studies conducted with afrodescendants naive patients
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Figure S7c. MetS prevalence in studies from India

MetS prevalence in naive patients from India

Study name

Event
rate

Grover 0,130
Srivastava 0,196
Saddichha 0,101

0,143

Statistics for each study

Lower Upper
limit Z-Value p-Value

limit

0,060
0,127
0,055
0,092

0,261
0,289
0,178
0,216

-4,333
-5,379
-6,554
-7,008

0,000
0,000
0,000
0,000

Total

6/46
18 /92
10 /99
34 /237

-0,50

Event rate and 95% CI

-0,25

0,00

S
o

0,25

prevalence

0,50

Figure S7c. MetS prevalence in studies from India
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Figure S7d. MetS prevalence in Caucasian

MetS prevalence in caucasian population

Study name
Event
rate
Kraemer 0,210
Medved 0,149
Otano Martin 0,025
Garcia-Rizo 0,060
De Hert 0,047
0,097

Statistics for each study

Lower Upper
limit Z-Value p-Value Total

limit

0,154
0,090
0,002
0,025
0,023
0,047

0,279
0,236
0,298
0,135
0,096
0,188

-6,871
-6,016
-2,558
-5,985
-7,755
-5,659

0,000
0,000
0,011
0,000
0,000
0,000

34 /162
14 194
0/19
5/84
71148
60 /507

Event rate and 95% CI

i
T
N .
L
LF
<o

-0,50 -0,25 0,00 0,25 0,50

prevalence

Figure S7d. MetS prevalence in naive patients with psychosis: caucasian population
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Figure S7e. MetS prevalence in Middle East

MetS prevalence in middle east studies

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit p-Value Total
Effat 2012 0,400 0,214 0,620 0,374 8/20
Enez Darcin 2015 0,325 0,199 0,483 0,03013/40
Sahpolat 2020 0,289 0,168 0,451 0,01211/38
0,328 0,242 0,427 0,00132/98

-0,80 -0,40 0,00 0,40 0,80

prevalence

Weight
(Random)
4,80
8,78
7,82

Figure S7e. MetS prevalence in naive FEP patients from middle east
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Figure S8. Forest plot showing subgroups by risk of bias

Subgroups by risk of bias

Group by Study name Statistics for each study Event rate and 95% CI
Risk of Bias

Event Lower Upper
rate limit limit p-Value Total

1,00 Grover 2012 0,130 0,060 0,261 0,000 6/46 -
1,00 Kraemer 2011 0,210 0,154 0,279 0,000 34/162 L 3
1,00 Medved 2009 0,149 0,090 0,236 0,000 14/94 : o
1,00 Martin-Otafio 2013 0,025 0,002 0,298 0,011 0/19 —
1,00 Saddichha 2008 0,101 0,055 0,178 0,000 10/99 L
1,00 Garcia-Rizo 2017 0,060 0,025 0,135 0,000 5/84 B
1,00 De Hert 2008 0,047 0,023 0,096 0,000 7/148 ]
1,00 Enez Darcin 2015 0,325 0,199 0,483 0,030 13/40 ——
1,00 Sahpolat 2020 0,289 0,168 0,451 0,012 11/38 ——
1,00 0,138 0,087 0,211 0,000 100/730 S
2,00 Effat 2012 0,400 0,214 0,620 0,374 8/20 ——
2,00 Owiredu 2012 0,020 0,005 0,076 0,000 2/100
2,00 Srivastava 2018 0,196 0,127 0,289 0,000 18/92 B
2,00 Saloojee 2018 0,045 0,015 0,130 0,000 3/67
2,00 0,110 0,033 0,312 0,002 31/279 =
Overall 0,134 0,087 0,199 0,000131/1009 L 2
-0,70 -0,35 0,00 0,35 0,70
prevalence

Figure S8. Forest plot showing subgroups by risk of bias
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Figure S9. Subgroups analysis according to MetS criteria

Subgroups by MetS criteria

Group by Study name
Met-Criteria

ATP-IIIA Grover 2012
ATP-IIIA Kraemer 2011
ATP-llIIA Owiredu 2012
ATP-IIIA Martin-Otafo 2013
ATP-IIIA Saddichha 2008
ATP-IIIA Garcia-Rizo 2017
ATP-IlIA De Hert 2008
ATP-IIIA Enez Darcin 2015
ATP-IIIA Sahpolat 2020
ATP-IIIA

IDF Effat 2012

IDF Medved 2009

IDF Srivastava 2018
IDF

Overall

Statistics for each study

rate

0,130
0,210
0,020
0,025
0,101
0,060
0,047
0,325
0,289
0,114
0,400
0,149
0,196
0,218
0,158

limit

0,060
0,154
0,005
0,002
0,055
0,025
0,023
0,199
0,168
0,064
0,214
0,090
0,127
0,128
0,107

Event Lower Upper

limit p-Value Total

0,261
0,279
0,076
0,298
0,178
0,135
0,096
0,483
0,451
0,195
0,620
0,236
0,289
0,348
0,228

0,000 6/46
0,000 34 /162
0,000 2/100
0,011 0/19
0,000 10/99
0,000 5/84
0,000 7/148
0,030 13/40
0,012 11/38
0,000 88 /736
0,374 8/20
0,000 14/94
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0,000128 / 942
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Figure S9. Subgroups analysis according to MetS criteria
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Figure S10. Overall MetS prevalence in naive (0 days) patients using IDF

MetS prevalence using IDF criteria

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Weight
rate limit limit p-Value Total (Random)
Effat 2012 0,400 0,214 0,620 0,374 8/20 1,28
Kraemer 2011 0,210 0,154 0,279 0,000 34/162 1,65
Medved 2009 0,149 0,090 0,236 0,000 14/94 1,53
Srivastava 2018 0,196 0,127 0,289 0,000 18/92 1,56
Martin-Otafio 2013 0,025 0,002 0,298 0,011 0/19 0,38
Saloojee 2018 0,045 0,015 0,130 0,000 3/67 1,09
Garcia-Rizo 2017 0,060 0,025 0,135 0,000 5/84 1,28
De Hert 2008 0,047 0,023 0,096 0,000 7/148 1,39
Saddicha IDF 0,182 0,118 0,270 0,000 18/99 1,57
Grover IDF 0,109 0,046 0,236 0,000 5/46 1,26
Enez Darcin IDF 0,400 0,262 0,557 0,209 16/40 1,48
Owiredu IDF 0,020 0,005 0,076 0,000 2/100 [ ] 0,93
Sahpolat IDF 0,316 0,189 0,478 0,027 12/38 1,45
0,142 0,093 0,210 0,000 142/1009 2
-0,70 -0,35 0,00 0,35 0,70
prevalence

Figure $10. Overall MetS prevalence according to IDF criteria
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Figure S11. Studies that reported both ATP-IlIl and IDF criteria: Forest plot showing meta-analysis with
ATP-lll criteria

Studies using ATP-IIIA criteria

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z-Value p-Value Total
Grover 0,130 0,060 0,261 -4,333 0,000 6/46 ——
Owiredu 0,020 0,005 0,076 -5449 0,000 2/100 -
Saddichha 0,101 0,055 0,178 -6,554 0,000 10/99 34—
Enez Darcin 0,325 0,199 0,483 -2,165 0,030 13/40 .
Sahpolat 0,289 0,168 0,451 -2,510 0,012 11/38 B
0,142 0,065 0,285 -4,022 0,000 42/323 .l’
-0,50 -0,25 0,00 0,25 0,50
prevalence

Figure S11. Studies thath reported both ATP-IIIA criteria and IDF criteria. Forest plot showing meta-analysis with ATP-IlIA cr
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Figure S12. Studies that reported both ATP-IlIl and IDF criteria: Forest plot showing meta-analysis with
IDF criteria. (same studies than S11)

Studies using IDF criteria

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Weight

rate limit limit p-Value Total (Random)
Saddicha IDF 0,182 0,118 0,270 0,000 18/99 3 1,17
Grover IDF 0,109 0,046 0,236 0,000 5/46 ' = 0,99
Enez Darcin IDF 0,400 0,262 0,557 0,209 16/40 H— 1,12
Owiredu IDF 0,020 0,005 0,076 0,000 2/100 [ 0,77
Sahpolat IDF 0,316 0,189 0,478 0,027 12/38 1,10

0,171 0,080 0,328 0,000 53/323

-0,60 -0,30 0,00 0,30 0,60

prevalence

Figure S12. Studies that reported both ATP-IIIA and IDF criteria: forest plot showing MetS prevalence with IDF criteri
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Figure S13. Forest plot showing studies that reported MetS prevalence in men

MetS prevalence in men

Study name

Statistics for each study

Event Lower Upper
limit Z-Value p-Value Total

rate

Effat 0,462
Grover 0,214
Garcia-Rizo 0,067

0,215

limit

0,224
0,100
0,017
0,073

0,718
0,402
0,231
0,490

-0,277 0,782 6/13
-2,821 0,005 6/28
-3,606 0,000 2/30
-2,023 0,043 14/71

-0,80

Event rate and 95% CI

-

-0,40 0,00 0,40 0,80

prevalence

Weight
(Random)
0,84
0,91
0,70

Figure S13. Forest plot showing studies that reported MetS prevalence in naive men with FEP
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Figure S14. Forest plot showing studies that reported MetS prevalence in women

MetS prevalence in women

Study name Event rate and 95% CI
Event Lower Upper Weight
rate limit limit Total (Random)
Effat 0,286 0,072 0,673 2/7 —il— 0,96
Grover 0,026 0,002 0,310 0/18 -— 0,42
Medved 0,149 0,090 0,236 14/94 B 2,35
Garcia-Rizo 0,056 0,018 0,159 3/54 - 1,44
0,115 0,052 0,235 19/173 &

-0,70 -0,35 0,00 0,35 0,70

prevalence

Figure S14. Forest plot showing studies that reported MetS prevalence in women with FEP
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Quality Assessment procedures

Table S13. Quality Assessment Procedures

Author Year Q1 Q2 Q3 Q4 Q@5 Q@6 Q7 Q@ Q@ Q10
Chiliza 2015 No Yes Yes Yes Yes Yes Yes Yes Yes Yes
Effat 2012 No No No Yes Yes Yes Yes Yes No No
Grover 2011 Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Kraemer 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Medved 2008 No Yes No Yes Yes Yes Yes Yes Yes Yes
Owiredu 2012 Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Pallava 2011 No No No Yes No Yes Yes Yes Yes Yes
Srivastava 2018 Yes Yes No No No Yes Yes No No No
Otano Martin 2012 Yes Yes No Yes Yes Yes Yes Yes No No
Saddichha 2008 Yes No Yes Yes Yes Yes Yes Yes Yes Yes
Saloojee 2017 Yes Yes No Yes Yes Yes Yes Yes No No
Garcia-Rizo 2017 Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Fleischhacker 2012 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
De Hert 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Srihari 2013 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Correll 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Enez Darcin 2015 Yes Yes No Yes Yes No No Yes No No
Sahpolat 2020 Yes Yes No Yes Yes No No Yes No No

The quality assessment was carried out by two independent reviewers (NGT and
AR) using JBI appraisal for cohorts and also the version for prevalence studies.
Those papers over which there was disagreement were discussed at a project group
meeting.

JBI (cross sectional)

e Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological guidance for
systematic reviews of observational epidemiological studies reporting
prevalence and incidence data. Int J Evid Based Healthc. 2015;13(3):147-153.

JBI (cohorts)

e Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M,
Qureshi R, Mattis P, Lisy K, Mu P-F. Chapter 7: Systematic reviews of etiology
and risk . In: Aromataris E, Munn Z (Editors). JBI. Manual for Evidence
Synthesis. JBI, 2020. Available from https://synthesismanual.jbi.global
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Note: This scale has been adapted from the JBI Critical Appraisal Checklist for Studies Reporting
Prevalence Data. The individual components listed below are summed to generate a total
Methodological Quality score for each study. Total scores range from 0 to 10. For the total score
grouping, studies were judged to be of low risk of bias (=7 points), moderate risk of bias (4-6 points)
and high risk of bias (<4 points).

1) Was the sample representative of the target population?
a) Yes*
b) No
c¢) Unclear/no description
d) Not applicable

2) Were study participants recruited in an appropriate way?
a) Yes*
b) No
c¢) Unclear/no description
d) Not applicable

3) Was the sample size adequate?
a) Yes*
b) No

c¢) Unclear/no description

d) Not applicable

4) Were the study subjects and the setting described in detail?
a) Yes*
b) No

c¢) Unclear/no description

d) Not applicable

5) Was the data analysis conducted with sufficient coverage of the identified sample?
a) Yes*
b) No

c¢) Unclear/no description

d) Not applicable

6) Were the objective, standard criteria used for the measurement of the condition?
a) Yes*
b) No

c¢) Unclear/no description

d) Not applicable

7) Was the condition measured reliably?
a) Yes*
b) No

c¢) Unclear/no description

d) Not applicable

8) Was there an appropriate reporting of statistical analysis?
a) Yes*
b) No

c¢) Unclear/no description

d) Not applicable

9) Are all important confounding factors, subgroups, or potential differences identified and
accounted for?

43



a) Yes*
b) No

c¢) Unclear/no description
d) Not applicable

10) Were subpopulations identified using objective criteria?
a) Yes*
b) No

c¢) Unclear/no description

d) Not applicable
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Keywords: Background: Few investigations have been carried out on metabolic syndrome in antipsychotic- naive patients
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;}:hlzspll'lrema Methods: Our primary objective was to compare the prevalence of Metabolic Syndrome (MetS), as defined by the
etabolic

National Cholesterol Education Program, Adult Treatment Panel III in 2001 (NCEP-ATP III), between a Spanish
cohort of 303 drug-naive patients with a first episode of psychosis (FEP) without any previous cardiovascular
condition, and 153 healthy individuals.

Results: Participants included 303 patients with FEP (M:F 53:46) and 153 control subjects (M:F 56:43). The mean
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Additionally, we found that other factors not included among the operational definition of MetS, but still
important in cardiovascular risk, were also altered.

Conclusion: FEP patients have a greater risk of presenting at least one altered MetS component than healthy
controls which could indicate the need of development of screening methods detecting cardiovascular risk.
Likewise, gender differences in metabolic components such as waist circumference, which is a predictor of
cardiovascular events have been found. Similarly, research should focus on metabolic risk predictors that include
not only MetS, but also specific parameters for the early psychosis population.
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N. Garrido-Torres et al.

1. Introduction

People with schizophrenia have an elevated mortality rate, which is
more than twice as high than that of the general population (Walker
et al., 2015). Natural causes of death, mainly cardiovascular events,
account for most of the premature mortality in patients with schizo-
phrenia (Correll et al., 2017; Laursen et al., 2012). This excess mortality
has been related to adverse effects of medication, high rates of somatic
comorbidity, inequalities in access to somatic disease treatment and
accelerated ageing. In this sense, hyperlipidaemia (61 %), smoking (55
%), obesity (41 %), diabetes (19 %) hypertension (17 %) (Perez-Pinar
et al., 2016) and respiratory disease (Suetani et al., 2021) are the most
prevalent cardiovascular risk factors in patients with schizophrenia.

Several of these conditions are interrelated, frequently co-occur and
share underlying mechanisms, increasing the risk of developing car-
diovascular disease and diabetes, so they have been grouped forming the
metabolic syndrome (MetS). Diagnostic criteria include high triglycer-
ide values, low high-density lipoprotein (HDL) cholesterol, high blood
pressure, high blood glucose levels and abdominal obesity (either
increased abdominal circumference or BMI > 30 kg/mz) (Eckel et al.,
2005; Huang, 2009; Kahn et al., 2005). According to the existing liter-
ature, the prevalence of MetS in the general population ranges from 6 %
to 45 % (Moore et al., 2017), while in patients with schizophrenia taking
antipsychotics it ranges from 35.3 % (Mitchell et al., 2013a; Vancamp-
fort et al., 2015) to 49 % (Kraemer et al., 2011). Antipsychotic exposure
is probably the main risk factor for weight gain and related metabolic
alterations in psychosis (Canal-Rivero et al., 2020; Correll et al., 2014;
Vazquez Bourgon et al., 2017; Vazquez-Bourgon et al., 2018, 2020); in
this sense treatment discontinuation was associated with partial reversal
of weight gain and better metabolic progression (Mackin et al., 2012;
Vazquez-Bourgon, Mayoral van-son, et al., 2021). Despite this, previous
studies (Fernandez-Egea et al., 2009; Garcia-Rizo et al., 2017; Jensen
et al., 2017; Perry et al., 2016) have proposed that antipsychotic naive
patients with psychosis already show metabolic disturbances at onset.

Most studies on naive patients have focused on the search for specific
metabolic alterations (weight, BMI, or glucose and lipid alterations),
without exploring the presence of all MetS components together. The
evidence from these studies indicates greater rates in drug naive patients
with a first episode of psychosis (FEP), of insulin resistance, alterations
of basal glucose (Perry et al., 2016; Pillinger et al., 2017a; Pillinger et al.,
2017b) and dyslipidaemia (Misiak et al., 2017; Perry and Singh, 2018;
Pillinger et al., 2018). In addition, the altered levels of other biochemical
factors not included in the MetS definition such as plasma levels of
cortisol (Misiak et al., 2017), ACTH, homocysteine (Ayesa-Arriola et al.,
2012; Misiak et al., 2014; Shih et al., 2021; Zhang et al., 2021), C-
reactive protein (Fernandes et al., 2016; Steiner et al., 2020), and leptine
(Misiak et al., 2019) have been found in drug naive patients with
psychosis.

However, only a few investigations have explored the presence of
MetS through the analysis of all of its components in antipsychotic-naive
patients with psychosis. Moreover, these studies had some relevant
limitations among which stand out the small sample sizes (Effat et al.,
2012; Enez Darcin et al., 2015b; Grover et al., 2012; Martin Otano et al.,
2013; Sahpolat and Ari, 2020), the lack of a comparison with a control
group (De Hert et al., 2008; Grover et al., 2012; Kraemer et al., 2011;
Martin Otano et al., 2013; Medved et al., 2009; Owiredu et al., 2012;
Srivastava et al., 2018), the lack of gender stratification analysis and the
fact that patients were not strictly antipsychotic-naive patients, for
example they had a few weeks of medication and were categorised as
drug naive (Chiliza et al., 2015; Correll et al., 2014; Fleischhacker et al.,
2013; Pallava et al., 2012; Srihari et al., 2013). Based on most of these
studies, there was found (Mitchell et al., 2013b) to be a MetS prevalence
of 10 % in naive patients with psychosis and a recent meta-analysis
(Garrido-Torres et al., 2021) reported increased rates of MetS in drug-
naive patients with psychosis compared with age and sex-matched
controls, especially in those of non-Caucasian origin.
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The aim of this study was to explore whether people with a FEP
presented a greater rate of MetS at inclusion, before the exposure to
antipsychotic medication (truly naive: 0 days of antipsychotic medica-
tion), than those from a non-psychosis control group. We present base-
line results of MetS prevalence and related metabolic parameters in a
representative sample of antipsychotic FEP naive patients.

2. Material and methods
2.1. Study setting

Data were obtained from a longitudinal intervention program of FEP
called PAFIP (Programa de Atencion a las Fases Iniciales de Psicosis)
conducted at the outpatient clinic and the inpatient unit of the Univer-
sity Hospital Marqués de Valdecilla, Spain (Pelayo-Teran et al., 2008).
Conforming to international standards for research ethics, this program
was approved by the local institutional review board (the Clinical
Research Ethics Committee of Cantabria). Patients meeting inclusion
criteria and their families provided written informed consent prior to
their inclusion in the program.

2.2. Participants

From February 2001 to October 2018, all referrals to PAFIP were
screened for patients who met the following criteria: (1) 15-60 years
old; (2) living in the catchment area; (3) experiencing their first episode
of psychosis; (4) no previous antipsychotic exposure (5) DSM-IV criteria
for brief psychotic disorder, schizophreniform disorder, schizophrenia,
psychotic disorder not otherwise specified, or schizoaffective disorder.
Patients were excluded for any of the following reasons: (1) meeting
DSM-IV criteria for intellectual disability, (2) having a history of
neurological disease or head injury. The diagnoses were confirmed using
the Structured Clinical Interview for DSM-IV (First et al., 2002), carried
out by an experienced psychiatrist 6 months on from the baseline visit.
Our operational definition of a “first episode of psychosis” included in-
dividuals suffering from their first episode of nonaffective psychosis
(meeting the inclusion criteria defined above) regardless of the duration
of untreated psychosis. A group of subjects, without psychiatric illness,
was recruited as control group between April 2010 and January 2012.
Their assessment included sociodemographic questionnaires, anthro-
pometric measures and blood extraction for laboratory testing. Control
subjects were matched for age and gender with study subjects. All
subjects provided written informed consent prior to their inclusion in
the study, which was approved by the local ethics committee (the
Clinical Research Ethics Committee of Cantabria).

2.3. Study design and metabolic assessment

Our primary research objective was to compare the prevalence of
MetS, defined by the revised National Cholesterol Education Program,
Adult Treatment Panel III in 2005 (NCEP-ATP III) as a composite mea-
sure that indicates the risk of developing cardiovascular disease and
diabetes, between a Spanish cohort of drug-naive patients at their in-
clusion due to their first psychosis episode and a group of healthy in-
dividuals. The revised National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) criteria (Alberti et al., 2009; Grundy
et al., 2005) require at least three of the following components: (1)
abdominal obesity (waist circumference >94 cm for Mediterranean men
or >80 cm for Mediterranean women), (2) triglycerides >150 mg/dL,
(3) HDL cholesterol <40 mg/dL for men or 50 mg/dL for women, (4)
systolic/diastolic blood pressure >130/85 mmHg or receiving drug
treatment, and (5) fasting plasma glucose >100 mg/dL. Blood samples
were drawn after 8 h fasting for glucose and lipid profile testing. In the
current study, the revised Adult Treatment Panel IIT (ATPIII) was used to
define MetS. We also examine the individual components within the
Mets such as: High-density lipoprotein (HDL), glycaemia, high blood
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pressure (HBP), triglycerides and waist circumference (WC). Relevant
metabolic parameters not included in the MetS composite measure, such
as Total cholesterol, Low-density lipoprotein LDL, Homeostasis Model
Assesment HOMA, Homocysteine, C-reactive protein (CRP), Vit B12,
insulin, leptine and anthropometric measurements such as body mass
index (BMI) were also examined.

Health risk behaviors and demographic information were collected
at the study inception from patients, relatives and medical records.
Specifically, we considered: age, sex, ethnicity, years of education,
family history of psychosis, socioeconomic status, living area, living
status, relationship status and employment status. Other factors not
included in the operational definition of MetS were also explored, such
as alcohol, cannabis, tobacco, LSD and amphetamine use, which were
self-reported as ‘present/absent’. Additionally, tobacco and cannabis
consumption were reported as number of cigarettes per day.

2.4. Statistics

2.4.1. Sample size

Sample size was calculated based on the reported data about MetS
prevalence in patients with FEP 13.8 % vs healthy controls 7 % (Garrido-
Torres et al., 2021). According to the parameter choices, for a desired
power of 0.80 and 90 % confidence level, we estimated that we would
need 456 participants distributed in 303 cases and 153 healthy controls.
Sample size analysis was conducted using Epidata software (Lauritsen
and Bruss, 2004).

2.4.2. Data analysis

We conducted a cross-sectional analysis of baseline clinical assess-
ment data. Frequency analyses were conducted to determine de-
mographic variables, and the prevalence of cardiometabolic and health
risk factors. The prevalence was calculated by dividing the total number
of events (MetS) by the total sample size and multiplying the result by
100. The prevalence of MetS was calculated overall and by gender. For
estimates of prevalence, subjects with missing information on MetS
criteria were assumed not to have met that criterion. Data were analysed
using means SD for continuous data and frequency tables for categorical
data. Significant associations in contingency tables (cross tabulations)
were assessed using the standard y? test. If an expected cell count in the
cross tabulation was <5, then the Fishers exact test was used. For
continuous variables (weight, BMI, waist, systolic blood pressure, dia-
stolic blood pressure, glycemia, triglycerides, HDL, LDL, total choles-
terol, HOMA, homocysteine, CRP, vitamin B12, insulin, leptin): the
presence of non-normal distribution was explored. When non-normal
distribution was observed, a non-parametric test (Mann-Whitney U
test) was conducted, whereas a parametric test (independent sample ¢-
test) was used when distribution was normal. t-Tests were also per-
formed on categorical data to determine sex differences across outcome
measures. A two tailed t-test was used to compare differences in
continuous variables, and a p-value < 0.05 was considered to be sta-
tistically significant.

In order to explore the influence of other variables and confirm that
the association between metabolic alterations and FEP remained after
adjustment, we used a multivariate logistic regression where the
outcome was MetS, the exposure was FEP and the confounders were sex,
education level, single, low family socioeconomic status, urban zone,
unemployed, currently student status. Additionally we performed
separated logistic regressions for every MetS component (waist
circumference, systolic blood pressure, diastolic blood pressure, glyce-
mia, triglycerides, HDL). Analysis was conducted using Statistical
Package for Social Sciences (IBM SPSS, Version 28.0, Armonk, NY: IBM
Corp).
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3. Results
3.1. Sample characteristics

Participants included 303 patients with FEP (M:F 53:46) and 153
control subjects (M:F 56:43). The mean ages were 31 and 29 years in the
study and control groups respectively (F = 4.09; p = 0.93), and 87 %
were of white Caucasian ethnicity. There were significant differences in
the demographic characteristics between the FEP group and the control
one: FEP patients were more frequently unemployed (42.3 % vs 23.3 %
x* = 15.33, p = 0.001) and were more frequently single (62.8 % vs 44.2
%, x> 24.59 p = 0.001) than healthy controls. No differences in socio-
economic family status between FEP patients and controls were found
(54.7 % vs 63.5 %, x> = 3.14, p = 0.076) (Table 1).

3.2. MetS prevalence in FEP patients and controls

The prevalence of MetS defined as a composite category including
HDL, HBP, WC, triglycerides and glycaemia in naive patients with FEP
was similar to that in age-sex matched controls (5.6 % vs 5.12 %j; X2 =
0.004, p = 0.821) (Table 2). Despite this, we observed significant dif-
ferences between groups in the frequency of participants meeting some
of the 5 MetS individual components. In the FEP group there were
significantly more individuals with high blood pressure (HBP) (27.4 %
vs 4.5 %; x* = 34.2, p < 0.001), low HDL (31.7 % vs 19.9 %; x2 = 7.17, p
= 0.007) and high LDL (46.4 % vs 36.5 % x? = 4.046, p = 0.044).
Interestingly, we also observed differences between FEP group and
control group in the number of altered MetS components for those
participants without MetS. Thus, FEP patients had a greater risk of
meeting at least one of the MetS components (60.7 % vs 36.5 %; x> =

Table 1
Sociodemographic characteristics.

FEP Controls Statistical p
303 156
n % n %
Age
Mean 31.20 29.63 24.09 0.93
SD 9.38 7.57
Sex
Men 163 538 97 56.6  2.94 0.086
Women 140 462 59 43.4
Ethnicity
Caucasian 274 90.4 151 98.7 10.957 0.001
Non- caucasian 29 9.6 2 1.3
Arabic 2 0.7 0 0
Subsaharian 8 2.6 0 0
Asian 1 0.3 0 0
Hispanic 18 5.9 2 1.3
Socioeconomic
Urban 214 70.9 63 69.2 0.089 0.765
Single 204 628 69 442 2459 <0.001
Unemployed 126 423 37 23.7 15.33 <0.001
Low family socioeconomic 163 54.7 94 63.5 3.14 0.076
status
DSM-IV diagnosis
Schizophrenia 151  49.8
Brief psychotic disorder 40 13.2
Unspecified psychotic 30 9.9
disorder
Schizophreniform disorder 78 25.7
Schizoaffective disorder 3 1.0
Delusional disorder 1 0.33
In-patient 196 64.6
out-patient 107 35.3
Education level
Low 143 475 52 331 6.43 0.013
Others 160 527 101 64.3
Currently studying 67 221 29 18 3.36 0.67

FEP, First episode psychosis; Statistically significant differences: p < 0.05.
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Table 2
Prevalence of metabolic syndrome and related factors.

FEPn=303 HCn=156 Testvalue p
Metabolic syndrome n (%) 17 (5.6) 8(5.12) 0.04" 0.821
Glycaemia 18 (5.6) 8(5.1) 0.12° 0.450
Triglycerides 23 (7.6) 18 (11.1) 1.97° 0.160
HDL 96 (31.7) 31 (19.9) 7.17¢ 0.007
Blood pressure 83 (27.4) 7 (4.5) 34.27° 0.001
Waist 43 (14.2) 29 (18.6) 1.24° 0.220
LDL 140 (46.4) 57 (36.5) 4.04" 0.044
Women
Metabolic syndrome n (%) 5(3.6) 11.7) 0.002% 0.480
Glycaemia 10 (7.1) 1@1.7) 0.065" 0.111
Triglycerides 7 (5) 1Q1.7) 0.054° 0.440
HDL 46 (32.9) 11 (18.6) 4.102" 0.043
Blood pressure 23 (16.4) 1(1.7) 8.49% 0.004
Waist 29 (20.7) 12 (20.3) 0.004" 0.952
LDL 57 (40.7) 20 (33.9) 0.813" 0.367
Men
Metabolic syndrome n (%)
Glycaemia 8 (4.9) 7(7.2) 0.596" 0.440
Triglycerides 16 (9.8) 17(17.5) 3.262° 0.071
HDL 50 (30.7) 20 (20.6) 3.126" 0.077
Blood pressure 60 (36.8) 6 (6.2) 30.11% 0.001
Waist 14 (8.6) 17 (17.5) 4.625" 0.032
LDL 83 (51.2) 37 (38.1) 4.181" 0.041
12 (7.4) 1(7.2) 0.002" 0.965
Heath risk behaviors
All
Cocaine 39 (13) 13 (8.3) 2.247° 0.134
Alcohol 136 (45.6) 65 (41.7) 0.654" 0.419
Cannabis 120 (39.9) 42 (26.9) 7.523" 0.006
Tobacco 167 (57.2) 79 (50.6) 1.762% 0.184
LSD 10 (3.4) 4(2.6) 0.275" 0.600
Amphetamines 15 (5.1) 8(5.1) 0.001* 0.971
Body mass index
All
Underweight 29 (9.8) 3(1.9 9.448" 0.002
Normal weight 195 (65.9) 78 (50.6) 9.845" 0.002
Overweight 58(19.6) 54 (35.1) 12.96" <0.001
Obese 14(4.7) 19 (12.9) 8.628" 0.003
Men
Underweight 11 (6.9) 0 6.896" 0.009
Normal weight 101 (63.1) 42 (43.8) 9.135" 0.003
Overweight 38 (23.8) 37 (38.5) 6.338" 0.012
Obese 10 (6.3) 17 (17.7) 8.350" 0.004
Women
Underweight 18 (13.2) 3(5.2) 2.738" 0.098
Normal weight 94 (69.1) 36 (27.7) 0.914" 0.339
Overweight 20 (14.7) 17 (29.3) 5.691% 0.018
Obese 4(2.9) 2(83.4) 0.035" 0.852

FEP: First episode psychosis; HC: Healthy controls. The revised National
Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III)
criteria require at least three of the following components: (1) abdominal obesity
(waist circumference >94 c¢m for Mediterranean men or >80 cm for Mediter-
ranean women), (2) triglycerides >150 mg/dL, (3) HDL cholesterol <40 mg/dL
for men or 50 mg/dL for women, (4) systolic/diastolic blood pressure >130/85
mmHg or receiving drug treatment, and (5) fasting plasma glucose >100 mg/dL.

2 Chi-square test.

b Fisher's exat test Statistically significant differences: p < 0.05.

24.16, p < 0.001; OR = 2.686, CI 95 % 1.8-4.0) (Table 3).

These differences in the individual MetS components between groups
were similar to the results observed when comparing the mean values of
blood pressure, but contradictory when comparing the mean values of
the rest of MetS components, relevant metabolic parameters and
anthropometric measurements (Table 4). For instance, FEP patients
presented significantly higher systolic blood pressure (FEP: mean/SD
118+15.4 vs HC: mean/SD 107+12 mm/Hg, t-student 2.51, p < 0.001),
and higher diastolic blood pressure (FEP: mean/SD 70.45 +/— 11.36 vs
HC:63.29 +/— 8.84 mm/Hg, t-student 4.94, p < 0.001). Additionally,
we observed lower weight and BMI (64.7 vs 74.4 kgs, p < 0.001; and
22.7 vs 25.3 kg/m?, p < 0.001, respectively), and lower mean levels of
cholesterol and LDL (175.3 vs 186.9 mg/dL, p < 0.001; and 105.1 vs
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112.5 mg/dL, p = 0.012) than healthy controls. In the logistic regression
model, the association between altered HDL and psychosis (OR:1.87, 95
% CI 1.78-2.96, p = 0.007) remains statistically significant after
adjustment by possible confounders (OR:2.228, 95 % CI 1.12-4.464, p
= 0.024) (sex, education level, single, low family socioeconomic status,
urban zone, unemployed, currently student status, cannabis, alcohol and
cocaine consumption). Similarly the association between high blood
pressure and psychosis (OR:8.031, 95 % CI 3.61-17.85, p = 0.001) also
remains significant after adjustment (OR:7.564, 95 % CI 6.16-23.14, p
= 0.001) (Table 5). Moreover, in this exploratory analysis we found that
the association between FEP and altered waist circumference is influ-
enced by female sex and education level (Supplementary material).

3.3. Gender differences in the study group

Men from both groups (FEP and control) presented larger WC than
women in each group (FEP: mean/SD 85.67+/— 11.5 vs 79.27 £1.14, t-
student 0.31, p = 0.001; and HC: mean/SD 90.74 +/— 12.02 vs 80.28
+11.03, t-student 0.78, p < 0.001) (Table 6a). However, when we
explored gender differences in WC according to MetS criteria, we
observed in that the FEP group women met more the WC criteria than
men (n = 14, 8.6 % vs n = 29, 20.7 %, x% 9.09 p = 0.003) (Table 6b)
Additionally, men in the FEP and control groups presented higher blood
pressure measurements than women (Table 6a), however men with FEP
(n=60, 36.8% vsn = 23, 16.4 %, x> 15.73 p <0.001) presented higher
blood pressure more frequently than women with FEP. No other gender
differences were observed (Table 6b).

3.4. Health risk behaviors

We found significant differences in cannabis consumption between
FEP and controls (n = 120, 39.9 % vs n = 42, 26.9 %, x27.523 p=0.00)
(Table 2) 57 % of FEP reported tobacco consumption, and we found that
FEP patients smoked a greater number of cigarettes per day than the
controls (FEP: mean/SD 17.344+9.71 vs HC: mean/SD 72+10.92 mm/
Hg, t-student 4.095, p < 0.001). However, when we explored the effect
of drug consumption (cannabis, alcohol and tobacco) on altered meta-
bolic parameters we did not find any difference between FEP and
healthy controls (Supplementary material).

4. Discussion

This study analyzes MetS prevalence in a large and representative
sample of antipsychotic-naive patients with FEP and age-sex matched
controls. We found that the prevalence of MetS in antipsychotic-naive
patients with FEP (5.6 %) was similar to the prevalence of MetS in
controls (5.12 %). However, it is striking that 60.3 % of patients with
FEP met at least one of the five MetS criteria vs 36.5 % of controls.
Additionally, and coinciding with previous studies (Misiak et al., 2014)
we found that other factors not included in the operational definition of
MetS, but still important in cardiovascular risk, were also more
frequently present in FEP, such as tobacco smoking or high homocys-
teine levels. Thus, patients with FEP presented more frequently altered
values of HDL, homocysteine and high blood pressure (HBP), the latter
being more pronounced in men with FEP. All of these are cardiovascular
risk markers.

With respect to gender differences in the risk of presenting MetS
components, we found that women with FEP are more prone to present
greater WC than men with FEP. This gender difference was not observed
in the control group. Our results are congruent with previous studies
that have demonstrated that psychotic disorder per se increases the risk
for elevated waist circumference (Osby et al., 2014),for example genetic
variants of increased waist circumference in psychosis have been iden-
tified (Hukic et al., 2017) and that first episode schizophrenia patients,
especially women, present subclinical metabolic abnormalities, inde-
pendent of antipsychotic treatment (Zhang et al., 2021). Likewise, in
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Table 3

Number of altered metabolic syndrome components.
FEP HC Test value p OR CI 95 %
n = 303 % n =156 %

At least one altered MetS component 184 60.7 57 36.5 24.160" 0.001* 2.686 1.802 4.003
Only one altered component 127 41.9 33 21.2 19.540" 0.001* 2.690 1.720 4.205
Only two altered components 40 13.2 16 10.3 0.834" 0.361 1.331 0.720 2.461
3 altered components 12 4.0 4 2.6 0.597% 0.440 1.567 0.497 4.941
4 altered components 5 1.7 4 2.6 0.447% 0.504 0.638 0.169 2.409

FEP: First episode psychosis; HC: Healthy controls: CI Confidence interval; OR odd ratio. 3 and 4 altered components means Metabolic Syndrome. The revised National
Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) criteria require at least three of the following components: (1) abdominal obesity (waist
circumference >94 cm for Mediterranean men or >80 cm for Mediterranean women), (2) triglycerides >150 mg/dL, (3) HDL cholesterol <40 mg/dL for men or 50 mg/
dL for women, (4) systolic/diastolic blood pressure >130/85 mmHg or receiving drug treatment, and (5) fasting plasma glucose >100 mg/dL.

# Chi-square test. FEP patients have greater risk of presenting at least one of the MetS component.

" Statistically significant differences: p < 0.05.

Table 4
Individual metabolic parameters.
FEP HC F Sig
Mean SD Mean SD

Weight (kg) 64.67 13.72 74.44 16.12 3.165" <0.001
Waist (cm) 82.51 11.46 86.79 12.68 2.152% <0.001
Systolic blood pressure (mm/hg) 118.68 15.40 107.72 12.12 2.511° <0.001
Diastolic blood pressure (mm/hg) 70.45 11.36 63.39 8.84 4.944" <0.001
Glycemia (mg/dL) 85.26 18.09 84.55 10.98 0.537" 0.655
Triglycerides (mg/dL) 84.69 47.76 93.04 51.57 2.359" 0.085
HDL (mg/dL) 53.02 15.10 55.78 15.54 0.133" 0.064
LDL (mg/dL) 105.11 30.493 112.54 28.94 0.029" 0.012
Cholesterol (mg/dL) 175.27 38.220 186.92 32.204 0.602" <0.001
BMI 22.67 3.76 25.29 4.16 2.077% <0.001
HOMA 2.18 0.81 2.06 0.69 1.184% 0.786
Homocysteine (umol/L) 13.73 6.70 11.15 3.00 18.706" <0.001
PCR 0.26 0.37 0.393 0.33 0.240" 0.06

Vit B12 pmol/L 431.93 187.64 418.79 158.64 3.345% 0.458
Insulin U/mL 8.90 7.86 9.30 5.35 1.763" 0.581
Leptin ng/mL 9.09 11.55 9.76 8.70 1.517° 0.504

FEP: First episode psychosis; HC Healthy controls; SD standar deviation. The revised National Cholesterol Education Program (NCEP) Adult Treatment Panel IIT (ATP
III) criteria require at least three of the following components: (1) abdominal obesity (waist circumference >94 cm for Mediterranean men or >80 cm for Mediter-
ranean women), (2) triglycerides >150 mg/dL, (3) HDL cholesterol <40 mg/dL for men or 50 mg/dL for women, (4) systolic/diastolic blood pressure >130/85 mmHg
or receiving drug treatment, and (5) fasting plasma glucose >100 mg/dL. Statistically significant differences: p < 0.05.

@ t-Student test.

chronic schizophrenia patients, some reports demonstrate than the fe-
male gender is significantly associated with a higher prevalence of
metabolic syndrome (Bener et al., 2014; Huang et al., 2009; Kraal et al.,
2017; Wei et al., 2020). It has been reported (Cho et al., 2019) that WC
had a significant linear relationship with the risk of myocardial infarc-
tion and ischemic stroke and predicted cardiovascular events better than
BMI. Future research should take into account whether this finding is
accentuated with the introduction of some antipsychotic treatment, and
thus carry out specific prevention measures for women.

In this line, BMI has been proposed as being potentially useful in the
prediction of MetS in various populations with or without schizophrenia
(Tirupati and Chua, 2007; Sugawara et al., 2020) and BMI has been
positively associated with positive symptom severity in drug naive pa-
tients with psychosis (Tian et al., 2021). However, other studies such
CHANGE trial (Jakobsen et al., 2018) found that the average energy
intake of obese people with schizophrenia was not higher than that of
the general population. This suggests that the overweightness in
schizophrenia results from physical inactivity and the metabolic adverse
effects of antipsychotics. Similarly, we found that overweightness and
obesity are less frequent in FEP than in controls, prior to antipsychotic
exposure, but when stratified analyses per sex were performed we found
that an elevated abdominal circumference is more frequent in women
with FEP. Many factors may lead to these contradictory results, such as
different mediating factors between schizophrenia and metabolic al-
terations. For example, recent studies (Alameda et al., 2020) have found
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that severe stress during adolescence could contribute to increased waist
circumference in patients with psychosis.

The high prevalence of cardiovascular disease in patients with
schizophrenia contrasts with the low prevalence of MetS in patients who
are in the initial stages of the disease. This can be explained either
because the subsequent use of antipsychotics is what worsens the
prevalence of cardiovascular disease, or because MetS may be a marker
that underestimates such risk. Although MetS is a predictor of cardio-
vascular risk, it is a construct that was designed to predict cardiovas-
cular risk in the general population, without considering the
characteristics of the population with psychosis such as the usual young
age or the high prevalence of smoking, sedentary lifestyles, poor self-
care and barriers to consulting primary care. The individual alteration
of metabolic parameters such as HDL, HBP and homocysteine in naive
FEP patients has been widely documented (Enez Darcin et al., 2015a).
HDL has been shown to be an independent cardiovascular risk marker
for coronary heart disease (Hagstrom et al., 2016; Schaffer et al., 2014;
Zakiev et al., 2017; Allard-Ratick et al., 2021) Several studies have
shown that HDL levels are inversely associated with the risk of cardio-
vascular events (Saito et al., 2017). Saito et al. (2017) reported that HDL
levels are inversely associated with the risk of ischemic stroke. In
contrast to LDL cholesterol, HDL correlates with cardiovascular risk only
in healthy individuals without a history of cardiovascular disease (Marz
et al., 2017).

In the general population, low HDL should prompt examination of
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Table 5
Metabolic alterations and psychosis adjusted by social and health risk behaviors.
n % Crude OR p-Value Adjusted OR" p-Value
95 % CI 95 % CI
OR Lower Upper OR Lower Upper

MetS

Controls 8 5.6 1

FEP 17 5.1 1.1 0.464 2.608 0.829 2.046 0.584 7.174 0.263
HDL

Controls 31 19.9 1 1

FEP 96 31.7 1.87 1.178 2.967 0.007 2.553 1.208 5.398 0.014
Glycaemia

Controls 8 5.1 1 1

FEP 18 5.9 1.168 0.496 2.751 0.721 1.970 0.476 8.149 0.349
WC

Controls 29 18.6 1 1

FEP 43 14.2 0.724 0.432 1.214 0.220 2.418 1.112 4.464 0.026
Hypertension

Controls 7 4.5 1 1

FEP 83 27.4 8.031 3.612 17.853 0.001 28.746 6.342 130.290 <0.001
Tryglicerides

Controls 18 11.5 1 1

FEP 23 7.6 0.63 0.329 1.206 0.160 0.721 0.323 2.186 0.959

The revised National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) criteria require at least three of the following components: (1)
abdominal obesity (waist circumference >94 cm for Mediterranean men or >80 cm for Mediterranean women), (2) triglycerides >150 mg/dL, (3) HDL cholesterol
<40 mg/dL for men or 50 mg/dL for women, (4) systolic/diastolic blood pressure >130/85 mmHg or receiving drug treatment, and (5) fasting plasma glucose >100

mg/dL.

@ Adjusted by sex, currently student status, education level, low family socioeconomic status, urban zone, single, unemployed, cannabis, cocaine, alcohol and tabaco

consumption. WC, waist circumference.

additional metabolic and inflammatory pathologies. Low HDL occurs
much more frequently in patients with MetS or diabetes mellitus and are
also associated with systemic inflammation, e.g. with cigarette smoking,
chronic inflammatory diseases or chronic kidney disease. In this line,
recent studies suggest that schizophrenia is not only a brain disease, but
also a disorder with impairments throughout the body (Kirkpatrick
et al., 2014) and which involves multiple systems from illness onset,
such as the immune, cardiometabolic, and hypothalamic-pituitary ad-
renal systems (Pillinger et al., 2019). In our study, we found a higher
prevalence of altered HDL and HBP in naive FEP patients compared to
healthy controls, and a higher prevalence of HBP in men than in women
among the psychosis group. With regard to LDL, in contrast with a recent
meta-analysis, (Pillinger et al., 2017b), we found a lower prevalence of
altered LDL in FEP than in controls.

While the prevalence of MetS was similar in all samples, we wonder
if MetS is actually an adequate predictor of early cardiovascular risk in
patients with psychosis, in whom it is already demonstrated that there
are baseline metabolic alterations prior to the use of antipsychotics.
There are other cardiovascular risk predictors such as the Framingham
score that predicts the risk of coronary cardiovascular disease in the
United States, and the SCORE that predicts mortality from cardiovas-
cular coronary cerebrovascular cause in the European population. These
scales are made based on the general population and have little appli-
cability in patients with psychosis because the prevalence of psychosis or
other psychiatric diseases is not specified in the sample that served for
their preparation. They were also published about 2 decades ago, that is,
before the alarm was raised about the deficit in care for the physical
health of the population with schizophrenia.

The main limitation of these cardiovascular risk scales is that they
are designed for patients over 45 years of age, when the mean age of
onset of psychosis is much lower. If we used the Framinghan or the
SCORE to measure risk using our sample (mean age 32 years), the car-
diovascular risk would be underestimated. Among the existing algo-
rithms to predict cardiovascular risk in schizophrenia is PRIMROSE,
which, although it is validated in mental illness, was intended for
chronic patients with schizophrenia (Osborn et al., 2015) and is not
useful in young people with early stages of psychosis (Perry et al., 2020).
Likewise, a recent meta-analysis (Garrido-Torres et al., 2021) of the
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MetS prevalence in naive patients with psychosis found higher MetS
prevalence in FEP than controls and identified ethnicity as the main
source of heterogeneity, suggesting that ethnicity should be considered
in the prediction algorithms.

Smoking is a modifiable risk factor, which is associated with mor-
tality in people with schizophrenia (Dickerson et al., 2018). The high
prevalence of tobacco consumption among people with schizophrenia
and the association between smoking and cognitive impairment is also
well known (Coustals et al., 2020). In our sample, 56 % of patients with
FEP were smokers at study intake, the tobacco use being higher than
among controls. However, tobacco is not included among the MetS
criteria. Likewise, cannabis consumption has been associated to low
odds of MetS in both the general population (Vidot et al., 2016) and
patients with FEP (Stiles et al., 2020), low odds of overweightness
(Vazquez-Bourgon et al., 2019b) and low odds of non-alcoholic fatty
liver (Vazquez-Bourgon et al., 2019a) in patients with FEP at long-term.
However, when we explored the association between cannabis use and
MetS at baseline we did not find an effect of cannabis on MetS
prevalence.

Our study counts on several strengths like the non-antipsychotic
exposure and large sample size, the control group comparison, and the
gender analysis. Additionally, we explored social variables and found
that naive FEP patients are more frequently single, unemployed, living
alone and with lower socioeconomic status than controls. These factors
can form into additional everyday stresses for individuals, leading to risk
behaviors, such as tobacco use and unhealthy diets. This study high-
lights that there may be some factors, other than antipsychotic drugs,
that could be related to the risk for MetS in patients with schizophrenia.
Some limitations should be noted; in the first place, we were not able to
collect information about previous depression and trauma, both factors
related to overweightness in those with early psychosis (Aas et al., 2017;
Alameda et al., 2020). Likewise, prenatal development and fetal meta-
bolic programming have recently received considerable attention as a
factor to consider in the etiopathogenesis of obesity in the general
population and in individuals with psychosis but unfortunately we do
not have this information. Secondly, cross-sectional data cannot be used
to infer causality because temporality is not known. Thirdly, we decided
to exclude individuals with prior cardiovascular conditions as an
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Table 6a Table 6b
Gender differences in anthropometric and metabolic measurements. Gender differences in prevalence of MetS components and related factors.
Men Women t- p Men Women X2 p
Statistic
Mean SD Mean SD n =163 % n = 140 %
FEP FEP
Glycaemia mg/ 86.18 22.76 84.18 10.24 0.24 0.310 Glycaemia 8 4.9 10 7.1 0.673 0.412
dL Tryglicerides 16 9.8 7 5.0 2.490 0.115
Tryglicerides 91.37 55.85 76.91 34.765 8.19 0.004* HDL 50 30.7 46 329 0.166 0.684
mg/dL Blood pressure 60 36.8 23 16.4 15.730 0.001*
HDL mg/dL 48.36 11.82 58.45 16.66 10.37 0.001* WwC 14 8.6 29 20.7 9.090 0.003*
Systolic blood 121.55 14.21 115.08 16.26 0.11 0.001* Overweight 38 23.8 20 14.7 3.817 0.050
pressure mm/ LDL 83 51.2 57 40.7 3.342 0.068
hg Cocaine 31 19.4 8 5.8 12.165 0.001*
Diastolic blood 71.86 11.49 68.41 10.74 0.36 0.001* Tobacco 98 63.3 69 50 5.520 0.019*
pressure mm/ Cannabis 93 57.2 27 19.3 46.240 0.001*
hg
Waist 85.67 11.15 79.27 1.14 0.31 0.001*
circumference HC i
em Glycaemia 7 7.2 1 1.7 2.290 0.129
Body massindex 23372 375.12 2221  422.41 0.072  0.080 Tryglicerides 17 17.5 L7 9.000  0.003*
LDL md/dL 10396 3216 10644 2849 094 0333 HDL 20 26 11 186 009 - 0.764
Blood pressure 6 6.2 1 1.7 1.726 0.189
WwC 17 17.5 12 20.3 0.192 0.661
HC Overweight 37 38.5 17 29.3 1.352 0.245
Glycaemia mg/ 87.01 8.84 80.51 12.88 0.57 0.448 LDL 37 38.1 20 33.9 0.285 0.593
dL Cocaine 13 13.4 0 0 8.626 0.003*
Tryglicerides 102.9 57.92 76.85 33.55 7.29 0.008 Tobacco 46 47.4 33 55.9 1.063 0.303
mg/dL Cannabis 35 36.1 7 11.9 10.936 0.001*
HDL mg/dL 50.64 1245 6422  16.49 6.49 0.012* - - - X —
Systolic blood 112.66 10.45 99.59 10.18 0.93 0.001% FEP: First episode psychosis; HC: Healthy controls; HDL high-density lipopro-
pressure mm/ tein; LDL Low-density lipoprotein; WC Waist Circumference. If cell count in the
hg cross tabulation was <5, the Fishers exact test was used. The revised National
Diastolic Blood 65.88 9.04 65.88 9.04 11.91 0.001* Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III)
pressure mm/ criteria require at least three of the following components: (1) abdominal obesity
hg (waist circumference >94 cm for Mediterranean men or >80 cm for Mediter-
Wa_iSt 90.74 12.02 80.28 11.03 0.78 0.001* ranean women), (2) triglycerides >150 mg/dL, (3) HDL cholesterol <40 mg/dL
zi;cumference for men or 50 mg/dL for women, (4) systolic/diastolic blood pressure >130/85
Body mass index 26.17 407 23.83 3.01 0.17 0.001 mmHg o‘r recel\{mg. (.lrug tre.:atment, and (5) fasting plasma glucose >100 mg/dL.
LDL mg/dL 112.18 3121 113.15 24.99 231 0.130 * Statistically significant differences: p<0.05

FEP: First episode psychosis, HC: Healthy Controls. Statistically significant dif-
ferences: p < 0.05. The revised National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) criteria require at least three of the following
components: (1) abdominal obesity (waist circumference >94 cm for Mediter-
ranean men or >80 cm for Mediterranean women), (2) triglycerides >150 mg/
dL, (3) HDL cholesterol <40 mg/dL for men or 50 mg/dL for women, (4) sys-
tolic/diastolic blood pressure >130/85 mmHg or receiving drug treatment, and
(5) fasting plasma glucose >100 mg/dL.
" Statistically significant differences: p < 0.05.

analytic sample criterion and we recognize that this may has biased the
sample against identifying drug-naive FEP individuals with pre-
psychosis cardiovascular events and risk factors. And lastly, we
recruited and evaluated FEP patients and healthy controls with different
time ranges (2001-2018 vs. 2010-2012).

In summary, MetS could underestimate cardiovascular risk in young
FEP patients. FEP patients have a greater risk of presenting at least one
altered MetS component than healthy controls that could indicate the
need for development of screening methods detecting cardiovascular
risk. Likewise, gender differences in metabolic components such as WC,
which is by itself a predictor of cardiovascular events, have been found
associated and therefore require special attention. Keeping in mind that
HDL is also an independent cardiovascular risk marker for coronary
heart disease and can be increased through lifestyle changes, early
intervention in psychosis should include preventive measures such
nutrition and physical activity advice and tobacco intervention. Simi-
larly, research should focus on metabolic risk predictors that include not
only MetS, but also specific parameters for the early psychosis
population.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2022.07.007.
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Table S1. Health risk behaviors and MetS

FEP Controls
n=303 n=156
CI1 95% CI 95%

OR Lower Upper p OR Lower Upper p

MetS
Cannabis 0.81 029 226 0.691 289 0.69 12.1 0.131
Tabacco 1.07 039 290 0.882 097 0.23 4.03 0.971
Cocaine 146 040 534 0565 4.12 0.74 23.0 0.082
Alcohol 047 0.16 139 0.164 0.18 0.02 1.56 0.084
Glycemia
Cannabis 0.74 027 2.03 0553 289 0.69 12.14 0.131
Tabacco 0.45 0.17 120 0.103 0.568 0.131 2.465 0.441
Cocaine 1.36 037 493 0.635 1.61 0.18 14.27 0.662
Alcohol 043 0.15 126 0.119 045 0.88 230 0.236
Triglycerides
Cannabis 0.50 0.19 132 1.601 244 0.89 6.69 0.075
Tabacco 099 040 244 0993 211 0.75 596 0.148

Cocaine 1 028 353 1.003 625 1.78 21.8 0.002
Alcohol 0.53 021 1345 0.173 1.13 042 3.05 0.799
Blood pressure

Cannabis 1.30 0.78 2.18 0306 1.09 020 584 0929
Tabacco 1.09 064 1.83 0748 0.72 0.15 3.33 0.673
Cocaine 2.04 101 410 0046 190 021 173 0.560
Alcohol 1.36 081 226 0233 192 041 890 0.395
WC
Cannabis 029 0.13 066 0.002 086 032 213 0.708
Tabacco 075 039 143 0389 125 055 281 0.589
Cocaine 045 0.13 156 0202 0.78 0.16 3.73 0.756
Alcohol 040 020 0.83 0.121 030 0.11 0.78 0.011
HDL
Cannabis 1.22 0745 2.00 0428 239 1.04 548 0.035
Tabacco 1.90 1.131 320 0.015 145 0.65 321 0.356
Cocaine 126 0.62 251 0521 281 085 929 0.079
Alcohol 097 059 159 0911 1.19 054 263 0.659

MetS, metabolyc sindrome. WC, waist circunference. HDL, high density lipoprotein. The revised
National Cholesterol Education Program (NCEP) Adult Treatment Panel Il (ATP Ill) criteria require at
least three of the following components: (1) (waist circumference 295

(2) triglycerides 2150 mg/dL, (3) HDL cholesterol <40 mg/dL for men or 50 mg/dL for women, (4)
systolic/diastolic blood pressure >130/85 mmHg or receiving drug treatment, and (5) fasting plasma
glucose =100 mg/dL



Table S2. Metabolic alterations adjusted by social and health risk behaviors

95% C.l. para

B  standard error Wald gl Sig. OR EXP(B)
Inferior Superior
MetS
FEP 0.716 0.64 1251 1 0263 2046 0.584 7.174
Sex -1.45 0.608 5692 1 0017 0235 0.071 0.772
Currently student status 0.057 0.649 0.008 1 0929 1.059 0.297 3.778
Education level 0.197 0.517 0.144 1 0.704 1.217 0442 3.355
Low family socioeconomic status -0.338 0.516 043 1 0512 0713 0.26 1.959
Urban zone -0.809 0.596 1.842 1 0.175 0445 0.138 1.433
Single -0.627 0.545 1323 1 025 0534 0.184 1.555
Unemployed -0.502 0.5 1008 1 0315 0.605 0.227 1.613
Cannabis 0.151 0.615 006 1 0.806 1.163 0.348 3.884
Cocaine -1.105 0.709 2428 1 0.119 0331 0.082 1.33
Alcohol 1.354 0.596 5.157 1 0.023 3873 1204 12462
Tobacco -0.286 0.536 0286 1 0.593 0.751 0.263 2.146
Hypertension
FEP 3.385 0.772 19.197 1 <001 28.746 6.342  130.29
Sex -1.404 0.339 17.11 1 <001 0.246 0.126 0.478
Currently student status 0.275 0.361 0.579 1 0.447 1317 0.648 2.674
Education level 0.096 0.305 0.1 1 0.752 1.101 0.605 2.004
Low family socioeconomic status 0.106 0.299 0.126 1 0.723 1.112 0.619 1.996
Urban zone -0.161 0.308 0.273 1 0.601 0.851 0.465 1.558
Single -0.632 0.338 3.501 1 0.061 0.531 0.274 1.03
Unemployed 0.318 0.302 1.11 1 0.292 1.374 0.761 2.481
Cannabis 0.261 0.37 0496 1 0.481 1.298 0.628 2.681
Cocaine -0.502 0.446 1.268 1 0.26 0.605 0.252 1.451
Alcohol 0.162 0.321 0.254 1 0.615 1.175 0.627 2.204
Tobacco -0.107 0.323 011 1 0.74 0.898 0.477 1.691
Abdominal
FEP -0.591 0.369 2562 1 0.026 2.418 1.112 4.464
Sex 0.44 0.345 1.632 1 0.043 1.553 0.79 3.053
Currently student status -0.822 0.431 3.634 1 0.048 1.44 0.189 1.023
Education level -0.057 0.32 0.032 1 0.859 0.945 0.504 1.769
Low family socioeconomic status 0.515 0.318 2.614 1 0.106 1.673 0.897 3.124
Urban zone -0.306 0.325 0.885 1 0.347 0.737 0.39 1.392
Single -0.379 0.325 1356 1 0.244 0.685 0.362 1.295
Unemployed -0.043 0.312 0.019 1 0.891 0.958 0.52 1.765
Cannabis 0.747 0.436 2935 1 0.087 2.11 0.898 4.958
Cocaine -0.212 0.605 0.122 1 0.726 0.809 0.247 2.65
Alcohol 0.283 0.364 0.606 1 0.436 1.327 0.651 2.707
Tobacco -0.193 0.319 0.366 1 0.545 0.824 0.441 1.542



Tryglicerides
FEP
Sex
Currently student status
Education level
Low family socioeconomic status
Urban zone
Single
Unemployed
Cannabis
Cocaine
Alcohol
Tobacco
Glycaemia
FEP
Sex
Currently student status
Education level
Low family socioeconomic status
Urban zone
Single
Unemployed
Cannabis
Cocaine
Alcohol
Tobacco
HDL
FEP
Sex
Currently student status
Education level
Low family socioeconomic status
Urban zone
Single
Unemployed
Cannabis
Cocaine
Alcohol
Tobacco

0.026
-1.424
-1.453
0.157
0.664
-0.043
-0.191
-0.364
0.499
-0.596
0.911
-0.324

0.883
0.027
0.061
0.329
-0.072
0.279
-0.595
-0.97
-0.679
-1.36
1.223
1.067

0.937
0.171
0.072
-0.385
-0.407
-0.507
-0.383
-0.252
-0.218
0.033
0.249
-0.75

0.503
0.531
0.782
0.44
0.465
0.449
0.461
0.422
0.528
0.652
0.501
0.454

0.728
0.55
0.65

0.526

0.5

0.503

0.534

0.514

0.664

0.802

0.655

0.573

0.382
0.294
0.336
0.271
0.269
0.286
0.292
0.263
0.329
0.413
0.297
0.286

0.003
7.203
3.452
0.127
2.038
0.009
0.172
0.744
0.894
0.838
3.307
0.511

1.469
0.002
0.009
0.391
0.021
0.307
1.239
3.569
1.045
2.876
3.484
3.467

6.023
0.34
0.046
2.027
2.298
3.136
1.728
0.919
0.437
0.006
0.705
6.87

R R R R R R R R R R RB R

R R R R R R R R R R RB @R

0.959
0.007
0.063
0.722
0.153
0.924
0.678
0.388
0.344
0.36
0.069
0.475

0.349
0.96
0.925
0.532
0.885
0.579
0.266
0.059
0.307
0.09
0.062
0.063

0.014
0.56
0.83

0.155
0.13

0.077

0.189

0.338

0.509

0.937

0.401

0.009

0.721
0.241
0.234
1.17
1.942
0.958
0.826
0.695
1.648
0.551
2.487
0.723

1.970
1.028
1.063
1.39
0.93
1.322
0.552
0.379
0.507
0.257
3.398
2.908

2.553
1.187
1.075
0.68
0.666
0.602
0.682
0.777
0.804
1.033
1.283
0.472

0.323
0.085
0.051
0.494
0.781
0.397
0.335
0.304
0.585
0.154
0.932
0.297

0.476
0.35
0.298
0.495
0.349
0.493
0.194
0.139
0.138
0.053
0.941
0.945

1.208
0.667
0.556
0.4
0.393
0.343
0.385
0.464
0.422
0.46
0.717
0.269

2.186
0.681
1.083
2.771
4.834
231
2.038
1.589
4.637
1.975
6.638
1.759

8.149
3.018
3.797
3.898
2.478
3.542
1.572
1.037
1.865
1.236
12.275
8.944

5.398
2.111
2.076
1.156
1.127
1.056
1.207
1.301
1.534
2.321
2.294
0.828

MetS, metabolyc sindrome. WC, waist circunference. HDL, high density lipoprotein. The revised
National Cholesterol Education Program (NCEP) Adult Treatment Panel lIl.
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KEYWORDS Abstract

Metabolic syndrome; Background: Latest studies in patients with first episode psychosis (FEP) have shown alter-
First episode ations in cardiovascular, immune and endocrinological systems. These findings could indicate
psychosis; a systemic onset alteration in the metabolic disease as opposed to justifying these findings
Antipsychotic naive exclusively by antipsychotics’ side effects and long-term lifestyle consequences. In any case,

this population is considered at higher risk for developing cardiometabolic disorders than their
age-matched peers.

Methods: This is a prospective longitudinal study. Metabolic syndrome (MetS) prevalence
between 244 subjects with FEP and 166 controls at 3 years was compared. Additionally, we
explored whether baseline differences in any of the MetS components according to Adult
Treatment Panel Il definition and prescribed antipsychotic could help to predict the MetS
development at 3 years.
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PALABRAS CLAVE
Sindrome metabolico;
Primer episodio
psicotico;

Nunca tratados con
antipsicoticos

Introduction

Results: Patients with FEP present a similar baseline prevalence of MetS (6.6% vs 5.4%,
p=0.320), according to ATP-IIl criteria. but with a higher prevalence of metabolic alterations
than controls before the start of antipsychotic treatment. At 3-years follow-up the MetS preva-
lence had increased from 6.6% to 18.3% in the FEP group, while only from 5.4% to 8.1% in the
control group. The multivariate model showed that, before antipsychotic exposure, a base-
line altered waist circumference WC (OR=1.1, p=0.011), triglycerides (OR= 1.1, p=0.043) and
high-density lipoprotein HDL (OR=0.9, p=0.008) significantly predicted the presence of MetS
at 3-years. We propose a predictive model of MetS at 3 years in 244 drug-naive FEP patients.
Conclusion: We found that altered WC, HDL and triglycerides at baseline predicted the presence
of full MetS after 3-years of initiating antipsychotic treatment. Our findings support the need
for interventions to improve factors related to the physical health of FEP individuals.

© 2022 Published by Elsevier Espana, S.L.U. on behalf of SEP y SEPB.

Sindrome metabélico en pacientes con primer episodio de psicosis que nunca han
tomado tratamiento antipsicotico: seguimiento a 3 afios de la cohorte PAFIP

Resumen

Antecedentes: Recientes estudios han demostrado que existe una relacion entre alteraciones
cardiovasculares, inmunes y endocrinas y pacientes que presentan un primer episodio psicotico
(FEP). Estos hallazgos podrian sugerir que las alteraciones metabdlicas que se observan en los
pacientes con psicosis podrian ser parte de un componente sistémico y no deberse exclusiva-
mente al uso de antipsicdticos o a las consecuencias del estilo de vida a largo plazo. En cualquier
caso, se considera que las personas que presentan un FEP tienen mayor riesgo de desarrollar
trastornos cardiometabodlicos que los sujetos de su misma edad.

Métodos: Se trata de un estudio longitudinal prospectivo. Se comparo la prevalencia basal del
sindrome metabolico (MetS) entre 244 sujetos con FEP y 166 controles y después a los 3 afios.
Ademas, se exploro si las diferencias iniciales en cualquiera de los componentes del MetS segin
la definicion del Adult Treatment Panel Ill y el antipsicotico prescrito podrian ayudar a predecir
el desarrollo del MetS a los 3 afos.

Resultados: Los pacientes con FEP presentan una prevalencia basal similar de MetS (6,6% vs.
5,4%, p=0,320), segln criterios ATP-lIl, pero una mayor prevalencia de alteraciones en los
parametros metabdlicos individuales que los controles antes del inicio del tratamiento antip-
sicotico. A los 3 anos de seguimiento, la prevalencia de MetS habia aumentado del 6,6% al 18,3%
en el grupo FEP, mientras que solo del 5,4% al 8,1% en el grupo de control. El modelo multi-
variante demostroé que la circunferencia de la cintura WC (OR=1,1, p=0,011), los triglicéridos
(OR=1,1, p=0,043) y las lipoproteinas de alta densidad HDL (OR=0,9, p=0,008) alteradas pre-
viamente al uso de antipsicoticos predicen significativamente la presencia de MetS a los 3 anos.
Proponemos un modelo predictivo de MetS a los 3 anos en 244 pacientes con FEP que nunca han
tomado tratamiento antipsicotico.

Conclusion: Encontramos que WC, HDL y triglicéridos alterados al inicio del estudio predijeron
la presencia de MetS después de 3 anos de iniciar el tratamiento antipsicotico. Nuestros hal-
lazgos respaldan la necesidad de intervenciones para mejorar los factores relacionados con la
salud fisica de las personas con FEP.

© 2022 Publicado por Elsevier Espana, S.L.U. en nombre de SEP y SEPB.

other hand, schizophrenia is a clinical syndrome characte-
rized by psychotic symptoms and psychosocial deterioration

Metabolic syndrome (MetS) is a series of metabolic abnor-
malities that together are considered risk factors for
developing diabetes and cardiovascular disease. Diagnostic
criteria include high triglyceride values, low high-density
lipoprotein (HDL) cholesterol, high blood pressure, high
blood glucose levels and abdominal obesity (either increased
abdominal circumference or BMI>30kg/m?)."2 On the

that leads to a debilitating illness, with significant human
and economic costs. Its etiology, still under study, com-
bines genetic factors modulated by unknown environmental
factors.>™ Both schizophrenia and cardiovascular diseases
derived from MetS have a high impact on mortality and dis-
ability worldwide.®® In recent decades, a differential gap
has become evident between the mortality of patients with
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schizophrenia and the rest of the population, with a reduced
life expectancy of up to 20 years in psychosis patients.’"!
Around 60% of the causes of death in these patients are due
to cardiovascular diseases, which are in great part explained
by the higher risk of presenting MetS.2

Atypical antipsychotics can cause weight gain and consid-
erable changes in the metabolism, which can increase the
risk of type Il diabetes and increase circulating cholesterol
levels.'>""* Weight gain, metabolic and liver adverse effects
are highly frequent effect of atypical antipsychotics, and
severity varies widely among individuals and treatments.'>
After the first year of treatment 30%'® of patients suf-
fering from a first episode of psychosis (FEP) experienced
a weight gain higher than 20%. Thus, the first months of
exposure to antipsychotic treatment is a critical period for
development of obesity and metabolic abnormalities.'? 317
However, contrary to what was traditionally postulated,
recent studies have shown that this cannot be attributed
solely to antipsychotic treatment.'*'®' Latest studies in
patients with FEP have shown alterations in cardiovascular,
immune and endocrinological systems. These new findings
could indicate a systemic onset alteration in the metabolic
disease as opposed to justifying these findings exclusively
by antipsychotics’ side effects and long-term lifestyle con-
sequences, as had traditionally been done.?

In any case, this population is considered at higher risk
for developing cardiometabolic disorders than their age-
matched peers.'® However, although the high prevalence of
MetS in these patients is widely known, the available risk-
prediction algorithms, validated in the general population,
could underestimate the risk in young people with psychosis.
This fact seems to be mainly related to the role that age
plays in these algorithms.?' Cardiometabolic risk prediction
algorithms are also common in clinical practice, includ-
ing only three of them psychiatric predictors: QRISK3,?
QDiabetes?® and PRIMROSE.?* Despite of this, they all appear
to underestimate cardiovascular risk in young adults with
or at risk of developing psychosis. Therefore, recent meta-
analyses?'?® state that, at this point it is not useful to use
the pre-established diagnostic parameters in the general
population for the diagnosis of MetS in patients with a FEP.

Our objectives will be to compare the MetS prevalence
between FEP and controls at 3 years, and to explore whether
baseline differences in any of the MetS components could
help to predict the MetS development at 3 years.

Material and methods

Study design and setting

This is a prospective longitudinal study. Data were obtained
from a longitudinal intervention program of FEP called PAFIP
NCT02305823 (Programa de Atencion a las Fases Iniciales de
Psicosis) conducted at the outpatient clinic and the inpa-
tient unit of the University Hospital Marqués de Valdecilla
(Santander, Spain).?>%” Conforming to international stan-
dards for research ethics, this program was approved by the
local institutional review board (the Clinical Research Ethics
Committee of Cantabria). Patients meeting inclusion criteria
and their families provided written informed consent prior
to their inclusion in the program.

Participants

From February 2001 to October 2018, all referrals to PAFIP
were screened for patients who met the following crite-
ria: (1) 16-60 years old; (2) living in the catchment area;
(3) experiencing their FEP; (4) no previous antipsychotic
exposure; and (5) DSM-IV criteria for brief psychotic dis-
order; schizophreniform disorder; Schizophrenia; psychotic
disorder not otherwise specified; or schizoaffective disorder.
Patients were excluded for any of the following reasons: (1)
meeting DSM-IV criteria for intellectual disability; (2) hav-
ing a history of neurological disease or head injury; and (3)
having a diagnosis of drug dependence. The diagnoses were
confirmed using the Structured Clinical Interview for DSM-
IV,28 carried out by an experienced psychiatrist 6 months
on from the baseline visit. Our operational definition of a
FEP included individuals suffering from their first episode
of nonaffective psychosis (meeting the inclusion criteria
defined above) regardless of the duration of untreated psy-
chosis. A group of subjects, without psychiatric illness, was
recruited as a control group between April 2010 and January
2012. Their assessment included sociodemographic ques-
tionnaires, anthropometric measures and blood extraction
for laboratory testing. Control subjects were matched for
age and gender with study subjects.

Anthropometric and metabolic syndrome
assessment

Clinical measures of weight, height, waist circumference
(WC) were registered. Systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) were also taken. Blood samples
were drawn after 8h fasting for glucose and lipid profile
testing. In the current study, the Adult Treatment Panel IlI
(ATPII)? was used to define MetS. At baseline assessment,
all individuals were drug-naive and had not been exposed to
antipsychotic treatment.

Laboratory analysis

All biochemical determinations were performed in our hos-
pital. All measurements were obtained after an overnight
fast. Fasting state, as well as treatment compliance,
were reported by patients and their family members.
Glucose, HDL cholesterol, and triglycerides were mea-
sured by automated methods on a TechniconDax (Technicon
Instruments Corp, Tarrytown NY USA), using the reagents
supplied by Boehringer-Mannheim (Mannheim, Germany).
Low density lipoprotein (LDL) cholesterol was determined
by the Friedewald et al. calculation®’: LDL=total choles-
terol — (HDL + [triglycerides/5]).

Statistics

Sample size

Sample size was calculated based on the reported data about
MetS prevalence in patients with FEP 13.8% vs healthy con-
trols 7%."® According to the parameter choices for a desired
power of 0.90 and 95% confidence level we estimated that
we would need 216 participants distributed over 108 cases
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and 108 healthy controls. Sample size analysis was con-
ducted using Epidata software.>'

Data analysis

Data were analyzed using the Statistical Package for Social
Sciences (IBM SPSS. Version 27.0. Armonk. NY: IBM Corp). For
comparison between FEP and control groups of demographic
characteristics, MetS and individual metabolic component,
chi-square tests for categorical variables, t-student for inde-
pendent samples or the Mann-Whitney test for continuous
variables were used. A significance level of p<0.05 (two-
tailed) was applied. For the analysis of the baseline and
follow up data at 3 years, t-student for paired samples or
Wilcoxon test for quantitative measures and McNemar test
for paired nominal data were used. Regression analyses using
multivariate analysis controlling for age, sex, and type of
antipsychotic drug (risperidone, ziprasidone, quetiapine vs.
aripiprazole) were employed to examine the relationship
between baseline metabolic values and MetS after 3 years.
All metabolic alterations at 3 years (hyperglycemia, hyper-
triglyceridemia, altered WC, low HDL, high blood pressure)
were investigated in separate models adjusted for sex, age
and treatment.

For antipsychotic treatment comparison we followed an
intention-to-treat approach and clustered the FEP patients
into antipsychotic groups according to their prescribed
antipsychotic at study entry: aripiprazole, risperidone, que-
tiapine and ziprasidone.

In the multivariate analysis we used an age younger
than 30 years; women; and ziprasidone as reference pop-
ulation. The median age of the FEP group is 30 years.
Relevant literature about MetS in general population? has
reported that from 18 years to 70 years old, women
have higher MetS prevalence than men. Although both
aripiprazole and ziprasidone have been described as
“‘metabolically neutral’’, recent head-to-head comparisons
between antipsychotic groups have shown that ziprasidone
presents even significantly smaller increments in weight and
BMI than aripiprazole.’>3

Results

Demographic and treatment characteristics

The baseline sample consists of 244 cases of FEP and 166
controls; in FEP group the mean (SD) age was 32 years
(10); median 30 years (23-39); 54% (n=117) were men
and 45.1% (n=96) were women; and their ethnicity was
mainly white (92%). The prescribed antipsychotics at study
entry were aripiprazole (n=90, 42.3%), risperidone (n=60,
28.2%), ziprasidone (n=34, 16.0%) and quetiapine (n=29,
13.6%). In control group the mean (SD) age was 29.6 years
(7.9); median 28.9 years (23-39); 62% (n=151) were men
and their ethnicity was largely white (99%).

Metabolic syndrome: baseline prevalence, 3 years
follow-up and predictive analysis

Baseline MetS prevalence was similar between FEP and con-
trols according to ATP-llIl and IDF criteria ATP-1Il (6.6% vs

5.4%, p=0.320), IDF (5.3% vs 5.4), WHO (15.1% vs 8.8%)
(Table S.1). However, the FEP group had a worse evolu-
tion compared to the control group; at 3 years the MetS
prevalence had increased from 6.6% to 18.3% (p=0.001)
in the FEP group and from 5.4% to 8.1% (p=0.063) in the
control group (Tables 1 and 2). In the FEP group, the mul-
tivariate model, using the development of MetS at 3 years
as a dependent variable and age, sex, prescribed antipsy-
chotic at study entry and the numerical values of each of
the individual components of MetS as covariates, showed
that, before antipsychotic exposure, a baseline altered WC
(OR=1.1, p=0.011), triglycerides (OR=1.1, p=0.043) and
HDL (OR=0.9, p=0.008) significantly predicted the pres-
ence of MetS at 3-years. On the other hand, none of the
3 drugs included in the multivariate model (aripiprazole,
risperidone, quetiapine) had a higher risk than the reference
treatment (ziprasidone) of presenting MetS at 3 years. Age
and sex were also not determining factors for developing
MetS at 3 years (Table 3).

Comparison by specific metabolic components

Tables 1 and 2 provide data for mean values of WC, SBP,
DBP, glucose, triglycerides and HDL, for both groups, at
baseline and 3-years follow-up. We also observed differ-
ences between groups in the percentage of individuals in
each group reaching some of the MetS criteria: low HDL
(FEP 27% vs controls 17.5%, p=0.026), high blood pressure
(FEP 29.5% vs controls 4.8%, p=0.001) and elevated WC (FEP
17.6% vs controls 29.5%, p=0.016) (Table 1). Similarly, we
observed, among the FEP group, a greater increment in the
percentage of subjects reaching any of the individual MetS
components.

Glucose

Individuals meeting the glucose criteria increased from 6.1%
to 21.2% (p=0.001) in the FEP group and from 4.8% to 8.1%
(p=0.063) in the control group (Table 2). In addition, the
prevalence of hyperglycemia increased significantly more in
the FEP group than in the control group at 3 years (FEP group
21.2% vs control group 8.1%, p=0.007) (Table 1). Only in the
FEP group did the mean value of glucose increase significan-
tly at 3 years, from 86.36 mg/dL to 92.67 mg/dL (p=0.001)
(Table 2). The predictive model showed that being older
than 30 years and having baseline glucose altered are factors
for the development of hyperglycemia at 3 years (OR=1.97,
p=0.034) (Table 3).

Lipids

The prevalence of altered HDL was higher among FEP
patients than in controls at both time points (Table 2). Base-
line HDL mean value was lower in the FEP group than in
the control group (53.55mg/dL vs 57.7 mg/dL, respectively;
p=0.050), and these differences remained at 3-years follow-
up (51.71mg/dL vs 58.30mg/dL, respectively; p<0.001).
However, there were not significant differences in the aver-
age values of HDL within each group (Table 1). In the
FEP group the predictive model showed that only hav-
ing altered baseline HDL was risk factor for altered HDL
at 3 years.
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Table 1 Comparison of MetS prevalence and mean values of related components in FEP and control group.
FEP patients Control Stats*
N (%) N (%) p-Value
N=244 N=166
MetS prevalence™
MetS baseline 16 (6.6) 9 (5.4) 0.324
Glucose > 100 mg/dL 15 (6.1) 8 (4.8) 0.576
Blood pressure blood pressure > 130/85 mmHg 72 (29.5) 7 (4.3) <0.001
HDL <40 mg/dL in men and <50 mg/dL in women 66 (27) 29 (17.5) 0.026
Triglycerides > 150 mg/dL 19 (7.8) 20 (12.1) 0.143
Waist circumference > 102 cm in men and >88 cm in women 43 (17.6) 49 (29.5) 0.016
Body mass index over limits ™~ 14 (5.7) 24 (14.4) 0.023
N=202 N=86 Stats*p-Value
MetS 3 years 37 (18.3) 7 (8.1) 0.028
Glucose > 100 mg/dL 43 (21.2) 7 (8.1) 0.007
Blood pressure blood pressure > 130/85 mmHg 42 (20.7) 17 (20.5) 0.622
HDL <40 mg/dL in men and < 50mg/dL in women 51 (25.2) 10 (11.6) 0.006
Triglycerides > 150 mg/dL 47 (23.2) 10 (11.6) 0.020
Waist circumference > 102 cm in men and >88 cm in women 78 (38.6) 26 (30.6) 0.112
Body mass index over limits™ 47 (23.2) 18 (19.8) 0.412

MetS components mean values Mean (SD) Mean (SD) Stats*p-Value

Baseline
Glucose (mg/dL) 86.36 (21.5) 84.49 (8.54) 0.205
Systolic blood pressure (mmHg) 119.08 (15.11) 106.14 (12.08) 0.001
Diastolic blood pressure (mmHg) 70.65 (11.61) 62.24 (8.77) 0.001
HDL (mg/dL) 53.55 (15.76) 57.71 (15.50) 0.050
Triglycerides (mg/dL) 85.27 (38.76) 86.6 (40.94) 0.141
Waist circumference (cm) 83.30 (12.16) 89.80 (13.51) 0.005
Body mass index (kg/m?) 23.16 (4.26) 26.03(4.44) 0.001

3 years
Glucose (mg/dL) 92.67 (16.65) 85.52 (15.11) 0.001
Systolic blood pressure (mmHg) 114.09 (14.94) 114.56 (13.66) 0.979
Diastolic blood pressure (mmHg) 70.67 (10.75) 70.42 (11.18) 0.851
HDL (mg/dL) 51.71 (13.93) 58.30 (15.18) 0.001
Triglycerides (mg/dL) 117.05 (72.96) 93.76 (56.73) 0.003
Waist circumference (cm) 90.67 (13.69) 88.56 (13.25) 0.227
Body mass index (kg/m?) 26.60 (4.97) 26.27(4.51) 0.587

Abbreviations: FEP, First Episode Psychosis. SD, Standard deviation. HDL, High density lipoprotein.

* Statistics: chi squared and t student for independent samples or Mann-Whitney test were used. p-Value <0.05 is significant.

™ Mets prevalence and related components according to the Adult Treatment Panel Ill (ATP Ill): Glucose >100mg/dL, blood pres-
sure > 130/85 mmHg, triglycerides > 150mg/dL, HDL <40 mg/dL in men and <50 mg/dL in women, waist circumference > 102 cm in men

and >88 cm in women.
™" Body mass index > 30 kg/mZ.

With respect to triglycerides, the baseline prevalence
of hypertriglyceridemia (>150mg/dL) was similar in both
groups. However, at 3-years follow-up the prevalence was
significantly greater in the FEP group than in the control
group (23.3% vs 11.6%, respectively; p=0.020). Triglycerides
mean value significantly increased from 85.27mg/dL to
117 mg/dL at 3 years in the FEP group (p=0.001) while in
the control group it remained similar (Table 2). In the FEP
group the predictive model showed that being older than 30
years and having altered baseline tryglicerides were risks
factor for the development of hypertriglyceridemia at 3
years (OR=2.386, p=0.027) (Table 3).

Blood pressure

The baseline prevalence of high blood pressure was signifi-
cantly higher in the FEP group than in controls (29.5% vs
4.3%, p<0.001). However, high blood pressure decreased
significantly in FEP and increased significantly in control
group, in consequence, we didn’t find differences between
FEP and controls at 3 years (Table 1). SBP mean value
decreased significantly in the FEP group from 119 mmHg
to 114mmHg at 3 years (p=0.001) and increased from
106.14 mmHg to 114.56 mmHg at 3 years in the control group
(p=0.001). DBP mean value increased significantly from
62.24mmHg to 70.42 mmHg at 3 years in the control group
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Table 2 Three years follow-up of MetS and related factors mean values and prevalence in FEP and controls.

FEP Controls
Baseline 3 years Stats* p Baseline 3 years Stats p
N=244 N=202 N=166 N=86
MetS components mean  Mean (SD) Mean (SD) Mean (SD) Mean (SD)

values
Waist circumference 83.30 (12.16)  90.67 (13.69) —9.347 0.001 89.80 (13.51)  88.56 (13.25) 1.605 0.112
(cm)
Body mass index 23.16 (4.26) 26.60 (4.97) —15.358 0.001 26.03(4.44) 26.27(4.51) —1.069 0.288
(kg/m?)
SBP (mm/Hg) 119.08 (15.11) 114.09 (14.94) 3.851 0.001 106.14 (12.08) 114.56 (13.66) —5.563 0.001*
DBP (mm/Hg) 70.65 (11.61)  70.67 (10.75) —0.021 0.983 62.24 (8.77) 70.42 (11.18) —6.458 0.001*
Glucose (mg/dL) 86.36 (21.5) 92.67 (16.65) —4.466 0.001 84.49 (8.54) 85.52 (15.11) —0.79 0.432
Tryglicerides (mg/dL)  85.27 (38.76) 117.05 (72.96) —7.287 0.001 86.6 (40.94) 93.76 (56.73) —1.376 0.173
HDL (mg/dL) 53.55 (15.76)  51.71 (13.93) 1.839 0.067 57.71 (15.50)  58.30 (15.18) 0.17  0.865

MetS components N (%) N (%) Mc Nemar p N (%) N (%) Mc Nemar p
prevalence
MetS” 16 (6.6) 37 (18.3) Mc Nemar <0.001 9 (5.4) 7 (8.1) Mc Nemar 0.063
Glucose > 100 mg/dL 15 (6.1) 43 (21.2) Mc Nemar 0.001 8 (4.8) 7 (8.1) Mc Nemar 0.063
Blood pressure 72 (29.5) 42 (20.7) Mc Nemar 0.011 7 (4.3) 17 (20.5) Mc Nemar 0.001
>130/85 mmHg
HDL <40mg/dL in men 66 (27) 51 (25.2) Mc Nemar 0.706 29 (17.5) 10 (11.6) Mc Nemar 0.754
and <50mg/dL in
women
Triglycerides 19 (7.8) 47 (23.2) Mc Nemar <0.001 20 (12.1) 10 (11.6) Mc Nemar 1.00
>150mg/dL
Waist circumference 43 (17.6) 78 (38.6) Mc Nemar <0.001 49 (29.5) 26(30.6) Mc Nemar 0.227
>102cm in men and
>88 cm in women
Body mass 14 (5.7) 47 (23.2) Mc Nemar 0.001 24 (14.4) 45 (19.8) Mc Nemar 0.225
index > 30kg/m?2”

Abbreviations: FEP, First Episode Psychosis. SD, Standard deviation. HDL, High density lipoprotein. SBP, Systolic blood pressure. DBP,

Diastolic blood pressure.

* Statistics: t student for paired samples or wilcoxon test and McNemar test were used. p-Value <0.05 is significant.
™ Mets prevalence and related components according to the Adult Treatment Panel Ill (ATP Ill): Glucose >100mg/dL, blood pres-
sure > 130/85 mmHg, triglycerides > 150 mg/dL, HDL <40 mg/dL in men and <50 mg/dL in women, waist circumference > 102 cm in men

and >88 cm in women.
""Body mass index > 30 kg/m?.

(p=0.001) (Table 2). In FEP group, the predictive model
showed that the development of high blood pressure at 3
years was influenced by risperidone treatment (with respect
to ziprasidone) (Table 3).

Waist circumference

The baseline prevalence of altered WC was lower in the FEP
group (19.1% vs 29.5%, p=0.016), but we did not find dif-
ferences in either group after 3 years (Table 1). WC mean
value increased significantly from 83.30cm to 90.67cm at 3
years only in the FEP group (Table 2). In the FEP group, the
predictive model showed that the baseline factors increas-
ing the WC at 3 years were being male, having altered BMI
and altered HDL (Table 3).

Body mass index
The baseline prevalence of obesity (BMI>30kg/m?) was
lower in the FEP group (5.7% vs 11.8%, p=0.023), but we

did not find differences in either groups after 3 years. How-
ever, the prevalence increased significantly only in FEP group
from 5.7% to 24.2% (Table 1). In the FEP group, the predic-
tive model showed that the baseline factors increasing the
risk of obesity (BMI > 30kg/m?) at 3 years were being male,
having altered baseline SBP, DBP, BMI and HDL (Table 3).

Discussion

After analyzing the baseline prevalence and clinical corre-
lates of MetS in 244 FEP drug naive patients and 166 controls
and the follow up at 3 years, we found that the FEP group
had a worse evolution compared to the control group: (i)
the FEP group presented a clear greater increased in MetS
prevalence at 3 years compared with controls. At 3-years
follow-up the MetS prevalence had increased from 6.6% to
18.3% in the FEP group, while only from 5.4% to 8.1% in
the control group; (ii) Altered baseline values of HDL or
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Table 3 Summary of multiple binary logistic regression analysis.

B SD Wald df Sig OR 95% CI OR
Lower Upper
Metabolic syndrome 3 years”
Men 0.65 0.705 0.85 1 0.357 1.916 0.481 7.629
>30 years old (median) —0.186 0.618 0.091 1 0.763 0.83 0.247 2.785
Aripiprazole (ref ziprasidone) 0.084 0.904 0.009 1 0.926 1.088 0.185 6.392
Risperidone (ref ziprasidone) 0.843 0.91 0.857 1 0.354 2.323 0.39 13.837
Quetiapine (ref ziprasidone) 0.219 1.034 0.045 1 0.833 1.244 0.164 9.446
Baseline SBP (mm/Hg) 0.032 0.03 1.133 1 0.287 1.032 0.974 1.095
Baseline DBP (mm/Hg) —0.02 0.035 0.334 1 0.564 0.98 0.916 1.049
Baseline glucose (mg/dL) 0.022 0.028 0.618 1 0.432 1.022 0.968 1.08
Baseline Tryglicerides (mg/dL) 0.016 0.008 4.08 1 0.043* 1.016 1 1.031
Baseline HDL (mg/dL) —0.082 0.031 7.07 1 0.008* 0.911 0.867 0.979
Baseline Waist circumference (cm) 0.065 0.025 6.474 1 0.011* 1.067 1.015 1.122
BMI (kg/m?)™ 0.238 0.127 3.545 1 0.060 1.269 0.99 1.627
Glucose 3 years
Men 0.441 0.486 0.825 1 0.364 1.555 0.6 4.029
>30 years old (median) 0.679 0.457 2.204 1 0.034* 1.971 0.805 4.828
Aripiprazole (ref ziprasidone) 0.347 0.709 0.239 1 0.625 1.415 0.353 5.677
Risperidone (ref ziprasidone) 1.459 0.748 3.805 1 0.050 4.303 0.993 18.644
Quetiapine (ref ziprasidone) 0.539 0.831 0.42 1 0.517 1.714 0.336 8.746
Baseline SBP (mm/Hg) —0.014 0.021 0.412 1 0.521 0.986 0.946 1.029
Baseline DBP (mm/Hg) —0.022 0.029 0.6 1 0.439 0.978 0.924 1.035
Baseline glucose (mg/dL) 0.075 0.023 10.559 1 0.001* 1.078 1.03 1.128
Baseline Tryglicerides (mg/dL) 0.007 0.006 1.67 1 0.196 1.007 0.996 1.019
Baseline HDL (mg/dL) —0.029 0.016 3.196 1 0.074 0.971 0.941 1.003
Baseline Waist circumference (cm) 0.047 0.028 2.719 1 0.099 1.048 0.991 1.108
BMI (kg/m?)™ —0.09 0.084 1.17 1 0.279 0.914 0.776 1.076
Tryglicerides 3 years
Men 0.683 0.398 2.947 1 0.086 1.981 0.908 4.322
>30 years old (median) 0.87 0.392 4.911 1 0.027* 2.386 1.106 5.149
Aripiprazole (ref ziprasidone) —0.049 0.566 0.008 1 0.931 0.952 0.314 2.885
Risperidone (ref ziprasidone) —0.388 0.612 0.402 1 0.526 0.678 0.204 2.252
Quetiapine (ref ziprasidone) 0.226 0.664 0.116 1 0.734 1.253 0.341 4.604
Baseline SBP (mm/Hg) —0.013 0.022 0.34 1 0.560 0.987 0.945 1.031
Baseline DBP (mm/Hg) —0.007 0.029 0.058 1 0.810 0.993 0.938 1.051
Baseline glucose (mg/dL) 0.009 0.014 0.485 1 0.486 1.01 0.983 1.037
Baseline Tryglicerides (mg/dL) 0.02 0.006 11.472 1 0.001* 1.021 1.009 1.033
Baseline HDL (mg/dL) —0.025 0.019 1.826 1 0.177 0.975 0.94 1.011
Baseline Waist circumference (cm) 0.012 0.03 0.151 1 0.697 1.012 0.954 1.073
BMI (kg/m?)™ 0.075 0.072 1.065 1 0.302 1.078 0.935 1.242
Waist circumference
Men 0.272 0.526 0.268 1 0.604 1.313 0.469 3.679
>30 years old (median) —0.542 0.499 1.181 1 0.277 0.582 0.219 1.545
Aripiprazole (ref ziprasidone) 1.009 0.714 1.997 1 0.158 2.742 0.677 11.111
Risperidone (ref ziprasidone) 1.251 0.79 2.509 1 0.113 3.492 0.743 16.41
Quetiapine (ref ziprasidone) —0.84 0.897 0.877 1 0.349 0.432 0.075 2.504
Baseline SBP (mm/Hg) —0.048 0.024 4.078 1 0.053 0.953 0.909 0.999
Baseline DBP (mm/Hg) 0.053 0.031 2.956 1 0.086 1.055 0.993 1.121
Baseline glucose (mg/dL) 0.011 0.011 0.995 1 0.319 1.011 0.99 1.032
Baseline Tryglicerides (mg/dL) 0.004 0.007 0.449 1 0.503 1.004 0.992 1.018
Baseline HDL (mg/dL) —0.044 0.018 6.15 1 0.013* 0.957 0.925 0.991
Baseline Waist circumference (cm) —0.006 0.032 0.04 1 0.842 0.994 0.934 1.057
BMI (kg/m?)™ 0.591 0.124 22.715 1 0.001* 1.806 1.416 2.303
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Table 3 (Continued)

B SD Wald df Sig OR 95% Cl OR
Lower Upper
High blood pressure 3 years
Men 0.519 0.412 1.586 1 0.208 1.68 0.749 3.767
>30 years old (median) 0.128 0.412 0.097 1 0.756 1.137 0.507 2.548
Aripiprazole (ref ziprasidone) —0.649 0.692 0.879 1 0.348 0.522 0.135 2.029
Risperidone (ref ziprasidone) 0.928 0.431 4.642 1 0.031* 2.53 1.087 5.884
Quetiapine (ref ziprasidone) —1.983 9.176 0.244 1 0.998 1.78 1.089 6.987
Baseline SBP (mm/Hg) 0.043 0.023 3.501 1 0.061 1.044 0.998 1.093
Baseline DBP (mm/Hg) 0.014 0.03 0.235 1 0.628 1.014 0.957 1.075
Baseline glucose (mg/dL) 0.002 0.01 0.028 1 0.867 1.002 0.982 1.022
Baseline Tryglicerides (mg/dL) 0.005 0.006 0.575 1 0.448 1.005 0.993 1.016
Baseline HDL (mg/dL) —0.006 0.015 0.166 1 0.684 0.994 0.966 1.023
Baseline Waist circumference (cm) 0.052 0.027 3.632 1 0.057 1.053 0.999 1.111
BMI (kg/m?)™ —0.015 0.069 0.045 1 0.833 0.986 0.861 1.128
HDL 3 years
Men —1.887 0.587 4.323 1 0.054 0.152 0.048 0.479
>30 years old (median) —0.819 0.499 2.69 1 0.101 0.441 0.166 1.173
Aripiprazole (ref ziprasidone) —0.633 0.634 0.995 1 0.318 0.531 0.153 1.841
Risperidone (ref ziprasidone) -0.29 0.672 0.186 1 0.667 0.749 0.200 2.796
Quetiapine (ref ziprasidone) —2.066 0.924 4.993 1 0.052 0.127 0.021 0.776
Baseline SBP (mm/Hg) —0.013 0.023 0.332 1 0.564 0.987 0.943 1.032
Baseline DBP (mm/Hg) 0.039 0.033 1.405 1 0.236 1.039 0.975 1.108
Baseline glucose (mg/dL) 0.019 0.012 2.564 1 0.109 1.02 0.996 1.044
Baseline Tryglicerides (mg/dL) —0.001 0.006 0.027 1 0.87 0.999 0.987 1.011
Baseline HDL (mg/dL) —0.159 0.031 26.164 1 0.001* 0.853 0.803 0.907
Baseline Waist circumference (cm) —0.018 0.031 0.344 1 0.558 0.982 0.925 1.043
BMI (kg/m?)™ 0.068 0.079 0.748 1 0.387 1.071 0.917 1.25
BMI 3 years
Men 0.168 0.527 3.560 1 0.038* 1.183 0.421 3.322
>30 years old (median) —0.311 0.492 0.4 1 0.527 0.732 0.279 1.922
Aripiprazole (ref ziprasidone) 1.207 0.713 2.867 1 0.090 3.342 0.827 13.507
Risperidone (ref ziprasidone) 1.338 0.788 2.884 1 0.089 3.811 0.814 17.851
Quetiapine (ref ziprasidone) —0.518 0.88 0.347 1 0.556 0.596 0.106 3.341
Baseline SBP (mm/Hg) —0.059 0.024 5.815 1 0.016* 0.943 0.899 0.989
Baseline DBP (mm/Hg) 0.062 0.032 3.81 1 0.048* 1.063 1 1.131
Baseline glucose (mg/dL) 0.013 0.011 1.408 1 0.235 1.013 0.992 1.034
Baseline Tryglicerides (mg/dL) 0.001 0.007 0.01 1 0.919 1.001 0.988 1.014
Baseline HDL (mg/dL) —0.047 0.018 7.235 1 0.007* 0.954 0.922 0.987
Baseline Waist circumference (cm) —0.015 0.033 0.203 1 0.652 0.985 0.924 1.05
BMI (kg/m?)™ 0.64 0.127 25.192 1 0.001* 1.896 1.477 2.433

Abbreviations: Cl, confidence interval. OR, odds ratio. SE, standard error. DF, degree freedom. Ref, reference.

" p-Value <0.05 is significant.

™ Mets prevalence and related components according to the Adult Treatment Panel Ill (ATP Ill): Glucose >100mg/dL, blood pres-
sure > 130/85 mmHg, triglycerides > 150 mg/dL, HDL <40 mg/dL in men and <50 mg/dL in women, waist circumference > 102 cm in men

and >88 cm in women.
™" Body mass index > 30 kg/m?Z.

triglycerides levels or WC were associated to presenting
MetS 3 years later regardless of age, sex and type of antipsy-
chotic treatment.

These results are of clinical relevancy, given the fact that
the available cardiometabolic algorithms are of little use in
FEP population due to several reasons: firstly, this is a pop-
ulation that tends to seek less medical attention, so there
is a risk of underdiagnoses bias. On the other hand, certain
alterations require a time course to develop the disease,

although it is known that despite not reaching diagnostic
threshold values, they can be associated with higher mor-
tality and morbidity outcomes in the long term. Therefore,
there would be a gap in early intervention for cardiovas-
cular risk prediction in these patients that seems to be
inherent to the disease. Subsequently, it is urgent to focus
research on the main modifiable risk factors that contribute
to these mortality figures. A more systemic understanding of
schizophrenia could modify both the clinical evaluation and
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the treatment offered to these patients in order to prevent
and modify not only the neuropsychiatric symptoms but also
the set of symptoms that contribute to reducing their life
expectancy.

In a more detailed examination, our study showed dif-
ferences between groups in the individual components of
MetS. Thus, among the MetS individual components preva-
lence, low HDL, hypertriglyceridemia and hyperglycemia
were more frequently altered in FEP group than in control
group at 3-years follow-up, and this worsening was predicted
by different variables: (i) Age was associated to present-
ing hypertriglyceridemia and hyperglycemia 3 years later.
(ii) Prevalence and mean value of HDL was worse in the
FEP group compared to control group, not only at baseline
assessment but also at 3 years, but this alteration was not
influenced by age, sex or treatment. Despite the young age
of our sample, the prevalence of MetS increases significantly
more in the FEP patients than in the control group. However,
as in the general population,? age over 30 years is a risk
factor for hyperglycemia and hypertriglyceridemia.

The association of the use of antipsychotic drugs and
MetS is widely known."® Although antipsychotic medications
typically alleviate positive symptoms and delay relapse,
metabolic side-effects are particularly common in patients
treated with second-generation antipsychotics, especially
clozapine and olanzapine.** In this regard we may assume
that the differences between FEP patients and controls in
MetS prevalence at 3 years follow-up may be explained
in part by the antipsychotic treatment exposure. More-
over, we found that the detection of increased blood
pressure at three years is influenced by antipsychotic use.
Despite of this we found no significant differences between
antipsychotic drugs in the risk of developing MetS at 3
years follow-up. Clinical trials testing the effectiveness
of atypical antipsychotics in drug-naive young individu-
als, embodying a superlative model for the investigation
of new molecular mechanisms underlying type 2 diabetes,
hypertriglyceridemia, and other metabolic disturbances, are
required to advance in the knowledge of glucometabolic
disturbances beyond psychosis population.

With respect to MetS criteria, Garrido-Torres et al.
(2021)"® performed individual meta-analyses in studies
where both IDF and ATP-lIIA criteria were used to diagnose
MetS. They found that MetS prevalence in the same popula-
tion is higher when diagnosed according to IDF than ATP-IIIA.
In the current paper, we found similar results when we used
ATP-IIIA criteria and IDF criteria but a higher Baseline MetS
prevalence in both FEP and controls using WHO criteria.
The pre-established diagnostic parameters in the general
population for the diagnosis of MetS could be not useful in
patients with a FEP.2"2

There is evidence supporting that the metabolic dis-
turbances in psychosis may begin early, even prior to the
antipsychotic exposure. Our results are somehow contrary
to this previous evidence since we observed no significant
differences between FEP patients and controls in baseline
MetS prevalence. On the other hand we did find differences
when comparing the individual components of MetS between
groups. This is important since some if these individuals
components at baseline may be a risk factors for developing
MetS in the long-term; thus, our study showed that those
FEP patients presenting altered HDL, tryglicerides and WC

at baseline, where at greater risk of developing MetS at 3
years follow-up.

These results are in line with previous evidence. Among
the MetS components a low HDL cholesterol level and a
large WC are accepted as the most strongly correlated
with the syndrome.3*3> Measurements of the WC and HDL
cholesterol level are recommended for the diagnosis and
follow-up of MetS in patients with schizophrenia.3*3¢ Our
results show that from the beginning and up to 3 years,
the prevalence and the mean value of HDL is worse in
the FEP group than in controls. However, our attention is
drawn to the fact that at the intragroup level, there are
no changes from the beginning to 3 years, nor influence
of sex, age or drug treatment, as there are in the rest
of the components. This can be explained by the relation-
ship between the pro-inflammatory state, schizophrenia and
MetS.3”3 With regard to dyslipemia, reduced HDL levels
are correlated to a high inflammatory set point of mono-
cytes and macrophages.*°“° Likewise, an anti-inflammatory
effect has been observed in some antipsychotics. In humans,
the immunomodulatory effect of risperidone and aripipra-
zole has been demonstrated.*' Along these lines, it has
been described that the metabolic alterations observed in
patients with schizophrenia could be the manifestation of a
systemic inflammatory state that may or may not *‘trigger’’
in a vulnerable group of patients.> At a molecular level,
other factors are probably contributing to the weight gain
and related metabolic alterations observed in psychosis.
Crespo-Facorro et al. (2019)*® reported five obesity-related
genes (GPER, LTF, MMP8, OLR1, and OLFM4) and four
diabetes-related genes (ALPL, LTF, MMP8, and OLR1) to be
differentially expressed in patients who received atypical
antipsychotic treatment. These results suggest that altered
gene expression caused by atypical antipsychotics may con-
tribute to obesity and MetS in these patients.

On the other hand, epigenetic inheritance and prenatal
development have recently received considerable attention
within the research community as two factors to consider in
the etiopathogenesis of obesity in the general population*
and in individuals with mental disorders.*> In this sense, a
relationship between obesity, childhood maltreatment, and
elevated inflammatory markers in adults with schizophre-
nia has been demonstrated.“® Therefore, the relationship
between early life stress, fetal metabolic programming and
schizophrenia?’ through epigenetic markers has been estab-
lished. Consequently, stressful psychosocial experiences in
utero and/or during childhood can be interpreted as poten-
tially modifiable risk factors.

Some limitations in this study should be noted. First,
unfortunately, it is uncertain whether the patients have
fully complied with antipsychotic treatment throughout the
3-years study period. Second, for antipsychotic compar-
isons we have followed and intention-to treat approach and
clustered the FEP patients according to their prescribed
antipsychotic at baseline, without considering that patients
may have been changed to another antipsychotic during the
study period since we could not perform per-protocol analy-
sis. The type of antipsychotic included were at different risk
for developing cardiovascular events, for instance risperi-
done is different from aripiprazole®®; and third, we could
not include into the analyses other variables known to affect
weight change and MetS, such as diet and exercise. On the
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other hand, the study counts with relevant strengths. For
instance, our study is a representative sample of naive FEP
patients and controls with 3-year follow-up of metabolic
syndrome and related components.

In conclusion, patients with FEP present a similar preva-
lence of MetS, but with a higher prevalence of metabolic
alterations than controls before the start of antipsychotic
treatment. However, at 3 years, the prevalence of MetS is
higher in FEP than in controls.

Finally, in this work, we propose a predictive model of
MetS at 3 years in 244 drug-naive patients with FEP, in which
altered WC, HDL and triglycerides at baseline predicted the
presence of full MetS after 3-years of initiating antipsychotic
treatment. Our findings support the need for interventions
to improve factors related to the physical health of FEP
individuals.
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Table S.1 Comparison of MetS prevalence using ATP-IlI, IDF and WHO criteria

Baseline 3 years
FEP Controls FEP Controls
IDF
N 244 166 192 86
MetS prevalence n (%) 12 (4.9) 9 (5.4) 15(7.8) 7 (8.1)
ATP-1II
N 244 166 202 86
MetS prevalence n (%) 16 (6.6) 9 (5.4) 37 (18.3) 7 (8.1)
WHO
N 244 204 202 86
MetS prevalence n (%) 37 (15.1) 18 (10.8) 36 (17.8) 12 (14)

Abbreviations: FEP, First Episode Psychosis. ATP-llI, Adult Treatment Panel Ill criteria: Glucose = 100mg/dL, blood pressure 2130/85 mmHg, triglycerides 2150mg/dL, HDL
<40mg/dL in men and < 50mg/dL in women, waist circumference 2102cm in men and >88cm in women. IDF, International Diabetes Federation criteria: altered waist
circumference with two of the following: Glucose = 100mg/dL, blood pressure >130/85 mmHg, triglycerides >150mg/dL, HDL <40mg/dL in men and < 50mg/dL in
women. WHO, World Health Organization criteria: Glucose = 126 mg/dL, blood pressure >140/90 mmHg and two of the following: triglycerides >150mg/dL, HDL
<35mg/dL in men and < 39mg/dL in women, Body mass index (BMI) of more than 30 kg/m?*




Discusion

Después de analizar la prevalencia basal de MetS en PEP, en los controles y el
seguimiento a los 3 afos, se encontrd que en general los pacientes con PEP tienen una
peor evolucion en comparacion con el grupo de controles. 1) En el metaandlisis (Garrido-
Torres et al., 2021) se observd que los pacientes con PEP tienen el doble de riesgo de
presentar MetS que la poblacion general independientemente del uso de antipsicoticos.
i1) A través del estudio trasnversal en una muestra representativa de pacientes naive
(Garrido-Torres, Ruiz-Veguilla, Alameda, et al., 2022) se hizo evidente que la
prevalencia de MetS es similar a la de los controles, sin embargo, se confirmo6 que los
pacientes con PEP tienen mas alteraciones metabolicas basales que los controles sanos.
ii1) La prevalencia y el valor medio del HDL alterada fueron peores en el grupo de PEP
en comparacion con el grupo control, no sélo en la evaluacion basal sino también a los 3
afios, pero esta alteracién no se vio influenciada por la edad, el sexo, tratamiento, nivel
educativo, estado civil, nivel socioecondomico familiar, entorno urbano, situacion de
desempleo, situacion educativo o consumo de sustancias. iv); En el seguimiento a los 3
afos, (Garrido-Torres, Ruiz-Veguilla, Olivé Mas, et al., 2022) se encontrd que la
prevalencia de MetS aument6 mas en los PEP que en los controles y que los triglicéridos,
el HDL y la perimetro abdominal alterados basalmente se asocian al riesgo de tener
sindrome metabdlico a los 3 afios.

En un anélisis mas detallado, el estudio mostré diferencias entre los grupos en los
componentes individuales de MetS. Asi, el HDL, los triglicéridos y la glicemia se
alteraron con mayor frecuencia en el grupo PEP que en el grupo control a los 3 afios de
seguimiento, y este empeoramiento se predijo por diferentes variables, en primer lugar,

la edad se asocid6 a la presentacion de hipertrigliceridemia e hiperglucemia 3 afios después
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y, en segundo lugar, el sexo y el nivel educativo aumentaron el riesgo de tener perimetro

abdominal aumentada solamente en las mujeres con PEP.

Los pacientes con PEP tienen el doble de riesgo de presentar alteraciones
metabolicas que la poblacion general

Los pacientes con PEP, tienen el doble de riesgo de MetS que la poblacion general,
aunque no hayan tomado antipsicoticos. Es decir, los antipsicéticos no son la Gnica causa
del MetS. Existen otros factores que pueden explicar esas alteraciones que ya estan
presentes al inicio de la enfermedad.

El metaanalisis presentado en esta tesis doctoral (Garrido-Torres et al., 2021), es
el primer metanalisis que incluye estudios con pacientes que nunca en su vida han estado
expuestos a tratamiento antipsicOtico. Los resultados son consistentes con otros
metanalisis publicados, que incluyeron tanto pacientes con primer episodio psicotico
expuestos a varias semanas de medicacion como pacientes nunca tratados con
antipsicOticos en etapas cronicas, encontrando una prevalencia de 9.8% (Mitchell,
Vancampfort, De Herdt, et al., 2013). En contraste con esta investigacion, fueron
analizados especificamente los pacientes con un primer episodio psicotico sin exposicion
a antipsicoticos.

La prevalencia de MetS encontrada en los estudios transversal (Garrido-Torres,
Ruiz-Veguilla, Alameda, et al., 2022) y longitudinal (Garrido-Torres, Ruiz-Veguilla,
Olivé Mas, et al., 2022), en esta investigacion, van en la linea de los realizados en
poblaciones caucasicas en los cuales la prevalencia de MetS es mas baja (Garcia-Rizo &
Bitanihirwe, 2020; Martin Otafio et al., 2013b), en comparacién con los estudios hechos
en poblaciones no caucéasicas (Effat et al., 2012; Sahpolat & Ari, 2020; Srihari et al.,

2013). Sin embargo, a diferencia de los estudios encontrados en la revision sistematica y
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que no pudieron ser incluidos en el metaandlisis, el estudio transversal, aqui realizado,
estd hecho en pacientes que pueden considerarse verdaderamente naive, ya que se aceptd
como maximo dos dias de tratamiento antipsicotico que incluye comparacion con
controles y andlisis por sexo.

A pesar de la edad media joven de la muestra, la prevalencia de MetS aument6
significativamente mas en los pacientes con PEP que en el grupo control. Sin embargo,
al igual que en la poblacion general (Moore et al., 2017), la edad de més de 30 afios es
un factor de riesgo para la hiperglucemia y la hipertrigliceridemia.

Es de notar, que aunque los antipsicoticos son indiscutiblemente eficaces en la
mejoria de los sintomas psicoticos, la funcionalidad, la prevencion de recaidas y la calidad
de vida de las personas con esquizofrenia, los efectos secundarios metabolicos son
comunes en pacientes tratados con antipsicoticos de segunda generacion, particularmente
clozapina y olanzapina (Pillinger et al., 2020). En este sentido, es de suponer que las
diferencias entre los pacientes con PEP y los controles en la prevalencia de MetS a los 3
afios de seguimiento pueden explicarse en parte por la exposicion al tratamiento
antipsicético.

Ademas, se encontr6 que la deteccion de un aumento de la presion arterial a los tres
afios, esta influenciada por el uso de antipsicoticos. A pesar de esto, no se encontraron
diferencias significativas entre los tipos de firmacos analizados y el riesgo de desarrollar
MetS a los 3 afios de seguimiento, lo cual era de esperar, ya que recientemente se ha
encontrado que el aripiprazol y la riesperidona, que fueron los fArmacos analizados en el
estudio longitudinal (Garrido-Torres, Ruiz-Veguilla, Olivé Mas, et al., 2022) tienen

efectos metabolicos similares a largo plazo (Vazquez-Bourgon et al., 2022)
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La esquizofrenia como parte de una enfermedad multisistémica

Una comprension mas sistémica de la esquizofrenia podria explicar el mayor riesgo
metabdlico en PEP independientemente del uso de antipsicéticos y podria modificar tanto
la evaluacion clinica como el tratamiento ofrecido a estos pacientes para prevenir y
modificar no solo los sintomas neuropsiquiatricos, sino también el conjunto de sintomas
que contribuyen a reducir su esperanza de vida.

La hipotesis de la esquizofrenia como una enfermedad sistémica ha sido propuesta
por diferentes investigadores (Kirkpatrick et al., 2014; Mitchell & Dinan, 2010; Pillinger
et al., 2019). Si se entiende la esquizofrenia como un conjunto de sintomas que va mas
alla de los sintomas psicoéticos, se puede deducir que la exploracion clinica exclusiva de
sintomas psicoéticos y del funcionamiento social es una exploracion aiin incompleta y que
para que fuese realmente integral deberia tener una evaluacion fisica que incluyese otros
sistemas. Asi mismo, el tratamiento tanto farmacologico, como psicoterapéutico, como
de rehabilitacion social, no es un tratamiento completo necesariamente, si se aborda hacia
los sintomas psicoticos exclusivamente. Es decir, la esquizofrenia podria considerarse
una entidad clinica con manifestaciones psiquiatricas y manifestaciones no psiquiatricas
y para que realmente el tratamiento sea beneficioso habria que enfocarse en todas sus
dimensiones y sistemas, ya que como se ha expuesto, las muertes prematuras, se deben
principalmente a causas no psiquiatricas.

En este contexto, recientes evidencias sugieren una vulnerabilidad genética que
predispone especificamente a un subgrupo de individuos a presentar alteraciones
metabolicas que se desencadenan por el uso de antipsicéticos (Crespo-Facorro et al.,
2019). Ademas, el riesgo poligénico de esquizofrenia se asocia significativamente con
la resistencia a la insulina en pacientes con esquizofrenia que no han recibido

antipsicoticos (Tomasik et al., 2019), independientemente de factores demograficos, de
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estilo de vida y clinicos seleccionados. Este resultado sugiere que la resistencia a la
insulina es un sello distintivo de la esquizofrenia en lugar de un efecto secundario de los
sintomas emergentes y apoya la hipdtesis de que multiples genes de susceptibilidad
podrian ejercer efectos pleiotropicos que ocurren simultineamente entre las 2
condiciones. Adicionalmente, hay una asociacion entre la resistencia a la insulina con la
respuesta al tratamiento antipsicotico. Por lo tanto, los pacientes con esquizofrenia que
presentan resistencia a la insulina podrian constituir un subgrupo de pacientes distinto y
requerir un tratamiento personalizado adaptado a este endofenotipo.

Por otro lado, en una revision reciente de modelos animales de esquizofrenia
(Sanchez-Hidalgo et al., 2022) se ha encontrado relacion entre la alteracion reelina, que
es una proteina asociadas con el neurodesarrollo y la esquizofrenia y dietas altas en grasa
y calorias que inducen a la obesidad (Roberts et al., 2019), lo cual es otra evidencia de la
interaccion ambiental y genética en el desarrollo tanto de la esquizofrenia como de las

alteraciones metabdlicas.

Programacion fetal metabolica

La programacion fetal metabdlica se refiere al de modificaciones epigenéticas que
sufre el feto en respuesta a los estimulos recibidos de la madre para a asegurar su
supervivencia. Se trata de un modelo que explicaria parcialmente la elevada frecuencia
de alteraciones metabdlicas en los pacientes con trastornos mentales y su reducida
esperanza de vida. El peso al nacer es un marcador indirecto del ambiente intrauterino
(Barker, 1990) y se ha demostrado que se asocia con parametros metabolicos en la edad
adulta, como la diabetes mellitus, obesidad abdominal e incremento de peso asociado al
uso de antipsicoticos (Garcia-Rizo et al., 2020; Garcia-Rizo & Bitanihirwe, 2020).

Ademads, varios estudios de cohortes han demostrado que la enfermedad

cardiometabdlica (Lawlor et al., 2006) y los trastorno psicéticos comparten factores
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perinatales comunes, incluidos el bajo peso al nacer (Serensen et al., 2016) y el parto
prematuro (Morrison et al., 2016; Nosarti et al., 2012). Las deficiencias nutricionales en
el Utero pueden provocar cambios en el desarrollo neuroldégico que aumenten la
vulnerabilidad a los trastornos psicoticos (Brown & Susser, 2008). Igualmente, estudios
con roedores, han demostrado que el estrés prenatal aumenta el riesgo de diabetes y
produce alteraciones de conducta homologas a las de la esquizofrenia, en la descendencia
(Koenig et al., 2002).
Exposoma especifico: consumo de sustancias, estrés prenatal, trauma infantil
Ademas de los antipsicoticos, la dieta y el sedentarismo, la tendencia a la obesidad
en un grupo de pacientes con esquizofrenia, puede estar influenciada por factores
genéticos (Hasnain, 2015) y por el impacto de la adversidad social y el trauma en la
infancia (Aas et al., 2017; Alameda et al., 2020). Se sabe que el trauma en la infancia
se asocia a un peor funcionamiento social en las personas con trastorno psicotico (Christy
et al., 2022). En este sentido, un aspecto a considerar en futuras investigaciones podria
ser la posible via que vincula el estrés psicosocial con los resultados relacionados con la
obesidad en personas con trastorno psicoético, explorando el papel de la inflamacidn, las

hormonas del estrés y los fundamentos genéticos y epigenéticos (Coleman et al., 2018).

Por otro lado, el tabaquismo es un factor de riesgo modificable, que se asocia con
la mortalidad en personas con esquizofrenia (Dickerson et al., 2018). La alta prevalencia
del consumo de tabaco y de cannabis en las personas con esquizofrenia es ampliamente
conocida (Coustals et al., 2020). En la muestra del presente estudio, el 56% de los
pacientes con PEP eran fumadores al inicio del estudio, siendo el consumo de tabaco
mayor que en los controles. Sin embargo, el tabaco no estd incluido en todos los

algoritmos de riesgo metabdlico como se discute mas adelante en la seccion de otros
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predictores de riesgo cardiovascular. Asi mismo, el consumo de cannabis se ha asociado
con bajas probabilidades de MetS tanto en la poblacion general (Vidot et al., 2016) y
pacientes con PEP (Stiles et al., 2020), baja probabilidad de sobrepeso (Vazquez-
Bourgon, Setien-Suero, et al., 2019) y baja probabilidad de higado graso no alcohdlico
(Vazquez-Bourgon, Ortiz-Garcia de la Foz, et al., 2019a, 2019b) en pacientes con PEP a
largo plazo.

Es necesario el estudio adicional del papel del cannabis en la modulacién del
MetS. El meta-analisis realizado (Garrido-Torres et al., 2021) solamente un estudio
(Saloojee et al., 2018b) inform6 el consumo de cannabis. En el estudio transversal
(Garrido-Torres, Ruiz-Veguilla, Alameda, et al., 2022) no fue observada influencia de
cannabis en el desarrollo de MetS.

Exposoma general: capital social, entorno ambiental, normas culturales, etnicidad.

Varias investigaciones han abordado la influencia de los determinantes sociales
en el MetS y los primeros episodios psicoticos, sin embargo se ha encontrado que
independientemente de los habitos de vida y de los antipsicoticos, existe asociacion entre
la resistencia a la insulina y PEP (Dixon et al., 2000; Kirkpatrick et al., 2012; Tomasik
etal., 2019).

Una de las fortalezas de los articulos incluidos en esta tesis doctoral es que ademas
de tener una muestra representativa, también se exploraron variables sociodemograficas.
Se encontrd que los pacientes con PEP son mas frecuentemente solteros, viven solos y
presentan un nivel socioecondémico mas bajo que los controles. Estos factores son
estresores adicionales, que pueden generar riesgo de comportamientos, como el consumo
de tabaco y dietas poco saludables. Sin embargo, fue observado que la asociacion entre
HDL alterado y trastorno psicético se mantiene independientemente de la influencia de

estos factores confusores (sexo, nivel educativo, soltero, bajo nivel socioecondmico
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familiar, zona urbana, desempleado, actualmente estudiante estado, consumo de
cannabis, alcohol y cocaina). Asi mismo, la asociacién entre presion arterial alta y
trastorno psicotico también sigue siendo significativa independientemente de estos. En
el andlisis exploratorio se encontré ademés que el nivel educativo y el sexo femenino
aumentan el riesgo de tener mayor perimetro abdominal en personas con PEP.

El capital social hace referencia a aquellos aspectos potencialmente positivos de
la vida social y se construye a través de redes, normas y confianza compartidas. La
investigacion sobre este constructo, su complejidad y el impacto en la salud general ha
sido ampliamente estudiada, no habiendo un unico consenso para su medicion. Se acepta,
que el capital social estd compuesto basicamente por factores subjetivos que actuan para
mantener unidas las redes y medidos por indicadores como la confianza, por ejemplo, el
apoyo social y la satisfaccion del vecindario y por factores que incluyen el apego a
organizaciones como grupos religiosos, politicos, educativos y medido por la asistencia,
la fuerza del compromiso y la inclusion en la sociedad. En este contexto, se sabe que la
desventaja social y la barrera idiomatica son factores de riesgo que influyen en el mayor
riesgo de trastorno psicético (Garrido-Torres, Alameda, Cristobal, et al., 2022) y también
de MetS entre los grupos minoritarios, por lo tanto es necesario comprender mejor el
impacto de tales fendmenos, asi como explorar los factores que modulan esas
asociaciones.

En el meta-analisis (Garrido-Torres et al., 2021), se identificd que una de las
principales fuentes de heterogeneidad es el origen étnico, lo cual coincide con la mayoria
de los estudios previos donde se han descrito diferencias étnicas en la prevalencia de
MetS en pacientes con PEP (McEvoy et al., 2005; Tek et al., 2016). Teniendo en cuenta
las diferencias en la contextura de la poblacion asiatica , mas delgada con respecto a la

occidental, no se puede medir el perimetro abdominal con los mismos criterios de MetS
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(Lear et al., 2010). Ademas las poblaciones asidticas tienen una menor prevalencia de
obesidad (32,3% asiaticos frente a 38,6% occidentales) (Arai et al., 2006), colesterol HDL
mas bajo (8,2% frente a 37,1%) y triglicéridos mas altos (23,0% frente a 30,0%). La
prevalencia de MetS en la poblacion general también podria ser menor que la de la
poblacion occidental. Cuatro de los estudios incluidos en la revision sistematica (Chiliza
etal., 2015; Correll et al., 2010; Owiredu et al., 2012; Saloojee et al., 2018a) mencionaron
las diferencias étnicas como un posible elemento de confusion a la hora de determinar los
resultados, y en dos de ellas (Chiliza et al., 2015; Saloojee et al., 2018a), se sugiere que
esta es la principal fuente de variabilidad en la prevalencia de MetS en pacientes con PEP.
La baja prevalencia de MetS en pacientes naive podria explicarse porque se incluye una
alta proporcion de pacientes afrodescendientes (97%) y una alta prevalencia de consumo
de cannabis (49,3%), ambos factores que pueden modificar el riesgo de presentar MetS .
En la misma linea, se ha descrito (Patel et al., 2009) que para algunos grupos €tnicos la
prevalencia de MetS a las 52 semanas de tratamiento es casi el doble que la de los
afrodescendientes. Por el contrario, varios estudios epidemioldgicos han reportado que
los afrodescendientes tienen un mayor riesgo de trastornos metabolicos como resistencia
a la insulina y presion arterial alta (Chaturvedi, 2003). La explicacion de esta
contradiccion podria ser la subestimacion del riesgo de MetS en afrodescendientes
jovenes con PEP cuando se usan los criterios IDF y ATP-IIIA, ya que estos fueron
creados inicialmente para poblaciones caucasicas y hay factores no debidamente tomados
en cuenta, como la distribucion de la grasa corporal y el riesgo de resistencia a la insulina
(De Lucia Rolfe et al., 2015). Por lo tanto, partiendo de la base de ATP-IIIA y de IDF,
varias sociedades cientificas en paises asidticos y latinoamericanos han adaptado sus

propios criterios de MetS.
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En esta linea, se sabe que las poblaciones afrodescendientes tienen mas riesgo de trastorno
psicotico y a su vez de MetS. (Garrido-Torres, Alameda, Cristobal, et al., 2022; Garrido-
Torres, Suarez-Suarez, Rocha-Gonzalez, et al., 2022; Garrido-Torres, Westmoreland,
Piedra Cristébal, et al., 2022). La literatura previa también ha informado sobre la
asociacion entre las alteraciones metabolicas, especificamente los lipidos, la presion
arterial, la glucemia y la perimetro abdominal, dentro de algunos grupos étnicos y las
formas en que la condicién de minoria étnica se ha asociado con un peor perfil glucémico
(Veru-Lesmes et al., 2018). Se ha demostrado que hay algunos grupos étnicos que, aun
teniendo un perfil de HDL mas benigno, presentan un riesgo cardiovascular elevado
(Bravo & Velarde, 2015; Glueck et al., 1984). Hay factores sociales y ambientales como
la pobreza, el estilo de vida y el capital social que podrian explicar por qué los grupos

minoritarios migrantes tienen peores resultados metabolicos.

Por otro lado, existe una demanda por parte de la propia comunidad cientifica de
realizar estudios de trastorno psicético de una manera mas inclusiva que permita explorar
codmo las variaciones en los factores socioambientales en diferentes contextos sociales y
geograficos podrian contribuir a diferentes factores de vulnerabilidad para los psicosis
(Burkhard et al., 2021; Mote & Fulford, 2021). También es importante tener en cuenta
que los criterios utilizados para el MetS pueden no ser adecuados para todos los grupos
étnicos.

Dos de los estudios incluidos en el metanalisis, (Owiredu et al., 2012; Saloojee et
al., 2018a) fueron los tnicos realizados sobre la etnia afrodescendiente y la prevalencia
global de MetS aument6 cuando estos fueron eliminados en los andlisis de sensibilidad.
En el meta-andlisis (Garrido-Torres et al., 2021) se hallé una prevalencia elevada de

MetS en individuos con PEP que no habian recibido antipsicoticos y sugiere que el riesgo
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cardiovascular en estos pacientes podria estar subestimado, especialmente en aquellos de
origen no caucasico.
El papel del género

Otra de las fortalezas del estudio transversal, ademas de la muestra representativa
y la nula exposicion a antipsicoticos, es la estratificacion por género en todos los analisis.
Al respecto, se encontro que las mujeres con PEP son mas propensas a presentar mayor
perimetro abdominal que los hombres con PEP. Esta diferencia no se observo en el grupo
control. Los resultados son congruentes con estudios previos que han demostrado que el
trastorno psicotico per se aumenta el riesgo de perimetro abdominal elevado (Osby et al.,
2014) y que las mujeres, presentan alteraciones metabdlicas, independientemente del
tratamiento antipsicotico (Zhang et al., 2021). Ademas, se han identificado variantes
genéticas en pacientes con trastorno psicotico con perimetro abdominal elevado. (Hukic
etal., 2017).

De la misma forma, las mujeres con esquizofrenia cronica, presentan una mayor
prevalencia de MetS que los hombres (Bener et al., 2014; Huang, 2009; Kraal et al., 2017,
Wei et al., 2020). Se sabe que el perimetro abdominal tiene una relacion lineal
significativa con el riesgo de infarto de miocardio y la enfermedad cerebrovascular (Cho
et al., 2019) y que es mejor predictor de estos eventos que el indice de masa corporal.
Las investigaciones futuras deben tener en cuenta si este hallazgo se acentua con la
introduccion de algin antipsicotico concreto, y asi llevar a cabo medidas de prevencion
especificas para las mujeres.

Otros predictores de riesgo cardiovascular en PEP

Los resultados expuestos a lo largo de los tres articulos son muy relevantes

clinicamente, y se puede concluir que los algoritmos cardiometabdlicos disponibles

actualmente son de poca utilidad en la poblacion de personas jovenes con PEP debido a
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varias razones: en primer lugar, se trata de una poblacion que tiende a buscar menos
atencion médica, por lo que existe un riesgo de sesgo de infradiagnostico. Por otro lado,
ciertas alteraciones metabdlicas requieren un curso de tiempo para llegar a desarrollar la
enfermedad, aunque se sabe que, a pesar de no alcanzar valores de umbral diagnostico,
pueden asociarse con mayores resultados de morbilidad y morbilidad a largo plazo. Por
lo tanto, aunque los algoritmos actuales son utiles en la poblacion general, no detectan a
tiempo las alteraciones metabodlicas que predicen el riesgo cardiovascular y que tal y
como se ha descrito a lo largo de toda la tesis doctoral son inherentes a la esquizofrenia
y aparecen de forma muy temprana.

El MetS es un predictor de riesgo cardiovascular, sin embargo, a los 5 -10 afios,
el riesgo se calcula mejor con escalas clédsicas (Framingham o SCORE), que incluyen
edad, sexo, colesterol total, LDL y consumo de tabaco (Grundy, 2006). En este estudio
se encontr6 que la prevalencia del consumo de tabaco es alta entre los pacientes con PEP;
teniendo en cuenta que un gran porcentaje de los pacientes con esquizofrenia son
fumadores, seria til incluir la influencia del tabaco en los futuros predictores de riesgo
cardiovascular disefiados especificamente para personas jovenes con PEP.

Existen otros predictores de riesgo cardiovascular como el FRAMINGHAM, que
predice el riesgo de enfermedad cardiovascular coronaria y que es el mas utilizado en
Estados Unidos, y la escala SCORE que predice la mortalidad cardiovascular en la
poblaciéon europea. Ambos instrumentos se realizan en base a la poblacion general y
tienen poca aplicabilidad en pacientes con trastorno psicético ya que la prevalencia de
enfermedades psiquiatricas no se especifica en la muestra que sirvio para su elaboracion.
La principal limitacion de estas escalas de riesgo cardiovascular es que estan disefiadas
para pacientes mayores de 45 afios, cuando la edad media de inicio de los trastornos

psicoticos es mucho menor. Si se hubiese utilizado el Framinghan o el SCORE para medir
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el riesgo utilizando la edad media de los estudios incluidos en esta tesis doctoral (edad
media 32 afios), el riesgo cardiovascular estaria subestimado. También hay que resaltar
que estos instrumentos fueron desarrollados hace mas de 2 décadas, es decir, antes de
que se diera la voz de alarma sobre el déficit en la atencion a la salud fisica de la poblacion
con esquizofrenia.

Entre los algoritmos existentes para predecir el riesgo cardiovascular en la
esquizofrenia se encuentra PRIMROSE, que, aunque estd validado en enfermedades
mentales, estd pensado para pacientes cronicos con esquizofrenia (Osborn et al., 2015) y
no es util en jovenes con fases iniciales de psicosis (B. L. Perry et al., 2021). Asi mismo,
el metaanalisis que se incluye como compendio en esta tesis doctoral (Garrido-Torres et
al., 2021) identifico la etnicidad como la principal fuente de heterogeneidad, lo que
sugiere que la etnicidad deberia considerarse en los algoritmos de prediccion.

La alteracion de pardmetros metabolicos individuales como las alteraciones
glucémicas o lipidicas, estd ampliamente descrita en la literatura existente. En dos
metandlisis recientes (B. 1. Perry et al., 2016b; Pillinger, Beck, Gobjila, et al., 2017)
encontraron una mayor resistencia a la insulina en la PEP sin farmacos en comparacion
con los controles. Por esta razén, se ha propuesto el uso de otros marcadores como la
resistencia a la insulina como predictor de riesgo cardiovascular (Garcia-Rizo et al.,
2017). La mayoria de los estudios analizados en el metaanalisis muestran que, de los
componentes individuales, la perimetro abdominal y el HDL son los pardmetros que mas
se relacionan con la prevalencia de MetS. Hasta la fecha, se han desarrollado varios
algoritmos de prediccion del riesgo cardiovascular, pero solo tres estan validados en
pacientes psiquiatricos (QRISK3, QDiabetes y PRIMROSE) sin embargo, solamente han

sido validados con muestras de adultos mayores (B. L. Perry et al., 2020).
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Aunque en el presente estudio transversal (Garrido-Torres et al., 2022), la
prevalencia de MetS fue similar tanto en los PEP como en los controles sanos, surge la
pregunta: ;jrealmente el constructo de sindrome metabdlico es un predictor adecuado en
pacientes con PEP?, en los cuales ya estd demostrado que existen alteraciones
metabolicas basales previas al uso de antipsicoticos.

Limitaciones

Las principales limitaciones de este trabajo deben ser expuestas. Con respecto al
metaandlisis, en primer lugar, se hizo todo lo posible para tener en cuenta la
heterogeneidad potencial resultante de los diferentes criterios de MetS (realizar analisis
de sensibilidad segtn los estudios que utilizaron IDF o ATP-IIIA y realizar metanalisis
separados con estudios que informaron la prevalencia con ATPIII-A y con IDF), no fue
posible tener en cuenta las variaciones en todos los criterios (p.ej. JIS-2009 y los criterios
de la OMS). En segundo lugar, no fue posible excluir a los pacientes/controles a los que
se les prescribieron otros psicofarmacos que se sabe que afectan la funcion metabolica.
Tampoco fue posible tener en cuenta el nivel de sintomas depresivos o de depresion
comorbida en nuestras metarregresiones, un factor conocido por estar asociado con los
resultados relacionados con la obesidad (Lasserre et al., 2014), por lo que no se puede
excluir que la depresion influya en nuestras estimaciones de prevalencia. Ahora bien, no
fue posible recopilar informacion sobre traumas previos y estrés prenatal ambos factores
relacionados con el sobrepeso en personas con trastorno psicotico. En tercer lugar, se sabe
que las personas con trastornos psicéticos tienen menos probabilidades de presentarse a
los servicios de salud fisica en comparacion con la poblacion general. Como tal, existe el
riesgo de subnotificacion y, por lo tanto, de subestimar la prevalencia de MetS en esta

cohorte.
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Perspectivas de investigaciones futuras

La investigacion futura deberia centrarse en los predictores del riesgo
cardiovascular, incluidos los factores moleculares y ambientales comunes, en tanto que
los hallazgos de esta investigacion, respaldan que los parametros metabdlicos alterados
en los PEP no se deben exclusivamente a los tratamientos antipsicéticos.

Recientemente, en el Reino Unido se desarrolld y valido externamente la
Calculadora de riesgo metabdlico de trastorno psicético (PsyMetRiC), la cual ha
demostrado predecir hasta seis afios de riesgo de MetS a partir de datos clinicos
recopilados de forma rutinaria. El modelo completo incluye: edad, sexo, origen étnico,
indice de masa corporal, tabaquismo, prescripcion de medicamentos antipsicoticos
metabolicamente activos, lipoproteinas de alta densidad y triglicéridos. (B. I. Perry et al.,
2021). Esta calculadora fue validada en dos muestras europeas independientes: PsyMetab
de Lausana, Suiza y la cohorte PAFIP de Espaiia. En el futuro, PsyMetRiC podria ayudar
a identificar pacientes jovenes con trastorno psicético que presenten mayor riesgo
cardiometabdlico, de esta forma las intervenciones podrian dirigirse de manera efectiva

para reducir la morbilidad y la mortalidad a largo plazo (B. Perry et al., 2022)

A pesar de que la relacion entre MetS y PEP esta clara, atin no se sabe si el MetS
es especifico de esquizofrenia o si también se observa en trastorno psicotico breve,
trastorno bipolar o trastorno limite personalidad. Para resolver esta cuestion habria que
disefiar estudios con muestras grandes. Asi mismo, seria importante determinar si las
alteraciones metabolicas estan presentes en todos los trastornos psicéticos o si

corresponden a un marcador de gravedad.
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Es pertinente considerar que los ensayos clinicos que evaluen la efectividad de los
antipsicoticos atipicos en pacientes jovenes con PEP, requieren modelos que puedan
estudiar los factores comunes endogenos que subyacen entre MetS y PEP.

También es importante caracterizar otros moderadores potenciales de los
conocidos efectos secundarios de los antipsicoticos, incluidos los factores estresantes
ambientales y el trauma infantil (ya que son moderadores de huellas epigenéticas
(Tomassi & Tosato, 2017), el desempleo (Pandit et al., 2019), el consumo de tabaco,
alcohol y cannabis (Scheffler et al., 2018) la etnicidad (Veru-Lesmes et al., 2018) Ia
psicopatologia (ya que los sintomas negativos podrian estar asociados con peores
resultados metabolicos (Strassnig et al., 2007), los habitos dietéticos y el ejercicio que
contribuyen a las anomalias metabolicas y los pacientes en etapas tempranas de la
enfermedad psicotica muestran malos habitos de vida (Manzanares et al., 2014).

Ademas, las investigaciones futuras deben encaminarse a tener en cuenta la
perspectiva de género y esclarecer si la mayor prevalencia de alteraciones metabolicas
previas al uso de antipsicoticos en mujeres con PEP (aun cuando el PEP es un trastorno
mas frecuente en hombres) es un marcador de gravedad o si este hallazgo se acentia con
la introduccion de algln antipsicético concreto, y asi llevar a cabo medidas de prevencion

especificas para las mujeres y recomendaciones en cuanto a la eleccion del tratamiento.
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Conclusiones

Los pacientes con primer episodio psicotico tienen mas riesgo de sindrome
metabolico y més alteraciones metabolicas que la poblacion general.

Estas alteraciones no se deben exclusivamente al uso de antipsicoticos.

Hay varias causas que podrian justificar la presencia de esas alteraciones
metabolicas previas al inicio de antipsicoticos en pacientes jovenes. Una de ellas
es la hipdtesis de la esquizofrenia como parte de una enfermedad multisistémica
con origen en etapas muy tempranas del desarrollo y que ademas del cerebro,
compromete otros 6rganos.

Es necesario tener herramientas de medida de riesgo cardiovascular de acuerdo a
poblacion joven con primer episodio psicotico

Aunque los trastornos psicoticos, son mas prevalentes en hombres, las mujeres
con primer episodio psicOtico presentan algunas alteraciones metabolicas
especificas con mas frecuencia que los hombres previos al uso de antipsicéticos.

Las particularidades de la étnia y del género con respecto al riesgo de alteraciones
metabolicas, deberian tenerse en cuenta en futuras investigaciones de cara a las

recomendaciones terapéuticas y eleccion de antipsicoticos.
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Conclusions

Patients with FEP have a higher risk of metabolic syndrome and more metabolic
disturbances than the general population.

These alterations are not due exclusively to the use of antipsychotics.

There are several causes that could justify the presence of these alterations in
young patients, one of them is the hypothesis of schizophrenia as part of a
systemic disease that originates in the early stages of development and that in
addition to the brain, involves other organs.

It is necessary to have cardiovascular risk measurement tools validated in young
people with first psychotic episodes.

Women with first psychotic episode present some specific alterations more
frequently than men prior to the use of antipsychotics.

Taking into account the particularities of ethnicity and gender in relation to the
risk of developing metabolic syndrome in future research would assist in offering

specific therapeutic recommendations to both populations.
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Estancia internacional

Factores prenatales que influyen en las alteraciones metabdlicas y en los trastornos
del neurodesarrollo.

La herencia epigenética y el desarrollo prenatal han recibido recientemente una
atencion considerable dentro de la comunidad investigadora como dos factores a
considerar en la etiopatogenia de la obesidad en la poblacion general (Danese & Tan,
2014) y en individuos con trastornos mentales (Alameda et al., 2022). En este sentido, se
ha demostrado una relacion entre obesidad, maltrato infantil y marcadores inflamatorios
elevados en adultos con esquizofrenia (Aas et al., 2017). Por lo tanto, se ha establecido la
relacion entre el estrés de la vida temprana, la programacion metabolica fetal y la
esquizofrenia (Garcia-Rizo & Bitanihirwe, 2020) a través de marcadores epigenéticos.
En consecuencia, se ha demostrado que las experiencias psicosociales estresantes
intrauterinas y/o durante la infancia dejan huellas epigenéticas y pueden interpretarse
como factores de riesgo potencialmente modificables

En este contexto, cada vez hay mas evidencia de los perjuicios que la actual
pandemia SARS-COV-2 ha traido para la salud mental de las madres y de sus
descendientes. Estudios epidemioldgicos, realizados en otros periodos pandémicos,
apoyan la idea de que la activacion del sistema inmunitario durante el embarazo tiene
importantes consecuencias para el neurodesarrollo fetal y parece estar estrechamente
relacionada con los posteriores trastornos del desarrollo como la esquizofrenia y el
autismo (Menninger, 1994; Torrey et al., 2012); existe una asociacion epidemioldgica
entre la exposicion a la infeccion por gripe (HIN1) durante el embarazo y un mayor riesgo

de desarrollar trastornos neuropsiquidtricos, lo que sugiere que la activacion del sistema
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inmunitario materno y una respuesta inflamatoria en el feto pueden ser el origen de un
desarrollo cerebral anormal (Khambadkone et al., 2020). No solo las pandemias de
agentes infecciosos se han relacionado con un impacto intrauterino del sistema nervioso
central, también otros desastres naturales (como terremotos, inundaciones), se han
asociado a un impacto negativo en la salud mental de las madres, asi como del
neurodesarrollo del RN (Harville et al., 2010), siendo determinante el grado de nivel de
exposicion a la catastrofe. Para profundizar en el impacto del estrés emocional y la
infeccidn prenatal en el neurodesarrollo y en las alteraciones metabolicas, actualmente se
estan llevando a cabo varios estudios en cohortes de mujeres embarazadas durante la
pandemia y sus futuros hijos. Entre ellos, esta el proyecto MOM-COPE liderado por el
profesor Livio Provenzi (Provenzi et al., 2020) y el proyecto Signature liderado por

Nathalia Garrido Torres y el grupo de Psiquiatria traslacional. (Garrido-Torres, 2022).

Una de las criticas y aportes mas frecuentemente hecha por los revisores en dos
de los tres articulos que forman parte de este compendio , fue la consideracion de factores
prenatales y epigenéticos como causa de alteraciones metabolicas y del neurodesarrollo
en pacientes, en el contexto de una comprension sistémica de la esquizofrenia. Estos
aspectos se han discutido tanto en los articulos publicados como en el apartado de

programacion fetal metabolica.

Por este motivo, durante tres meses de mi etapa predoctoral, tuve la oportunidad
de realizar una estancia internacional, bajo la supervision del profesor Livio Provenzi en
el Developmental Psychology Lab de la Universidad de Pavia y el Pediatric Neuroscience
Center del Neurological Institute Foundation Casimiro Mondino. El profesor Provenzi

centra sus investigaciones en las huellas epigenéticas resultantes del estrés prenatal
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durante la actual pandemia (Grumi et al., 2021; Provenzi et al., 2020, 2021, 2022). Estos
meses, he podido analizar conjuntamente datos de la cohorte signature y de la cohorte
MOM-COPE sobre el impacto del estrés prenatal en las alteraciones metabdlicas y en el
neurodesarrollo y redactar un manuscrito que se encuentra en revision: “The impact
of SARS-COV-2 infection on offspring birth weight: new evidence data from
signature cohort. Under review”. Ademas he tenido la oportunidad de discutir con el
Profesor Provenzi y con su equipo los resultados de estas tesis doctoral y los relacionados
con los proyectos de estrés prenatal durante el embarazo para asi ampliar la discusion de
esta memoria y futuras investigaciones. Esta estancia me permitird aspirar al titulo de

doctor internacional.
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