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Resumen

Introduccion: El sindrome metabdlico (SMet) es un grupo de anomalias metabdlicas
caracterizadas por obesidad central, hipertension, dislipidemia y desregulacion de la
glucemia, que estd asociado con el riesgo de diabetes, enfermedad cardiovascular y
mortalidad general. Se ha convertido en una epidemia a nivel mundial, como resultado
del incremento de los problemas derivados de la obesidad (estrés oxidativo, inflamacién
de bajo grado, entre otros). Las alteraciones en la homeostasis del acido drico (AU) se
han correlacionado con varias enfermedades como gota, SMet, enfermedades
cardiovasculares, diabetes, hipertension y enfermedades renales. A su vez, la presencia
de enzimas hepéticas elevadas puede preceder al desarrollo del SMet, observandose
alteraciones del higado que se relacionan directamente con problemas metabolicos. El
recuento de leucocitos es un marcador selectivo de infeccién aguda e inflamacion, que

podria dar informacion sobre estado metabdlico de los sujetos.

Objetivos: Evaluar y comparar la eficacia diagnostica de variables proinflamatorias para
el SMet. Actualizar y revisar la evidencia cientifica disponible sobre la asociacion entre
SMet y variables proinflamatorias; incluyen el &cido drico, los niveles de transaminasas
y el recuento de leucocitos. Cuantificar el tamafio del efecto de cada variable
proinflamatoria sobre el SMet. Identificar qué biomarcadores proinflamatorios presentan

una asociacion significativa con el SMet.

Material y Métodos: Se realiz6 una revision sistematica y meta-analisis de los estudios
indexados en las bases de datos PubMed y Scopus. Se evalug la calidad metodoldgica con
la herramienta STROBE, el riesgo general de sesgo con RevMan (Colaboracion

Cochrane) y la calidad de la evidencia mediante Grade Pro.

Resultados: En la primera revision sistematica y meta-analisis se incluyeron 43 articulos
que compararon las concentraciones de AU entre 91,845 sujetos con SMet y 259,931
controles. Los sujetos que presentaban SMet tuvieron una media superior de AU, de 0,57
mg/dl (IC 95% 0,54-0,61) (p<0,001). En la segunda, se incluyeron 17 articulos que
compararon las concentraciones de enzimas hepéticas entre 76,686 sujetos SMet+ y
201,855 SMet-. La concentracion de ALT, AST y GGT en los sujetos con SMet+ fue
significativamente mas alta que en el grupo control 7,13 UI/L (CI95% 5,73 — 8,54;
p<0,001), 2,68 UI/L (CI195% 1,82 — 3,54; p<0,001; 1°= 96%) y 11,20 UI/L (CI95% 7,11
— 15,29; p<0,001; I>= 96%), respectivamente. Y en el tercero, se incluyeron 14 articulos
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que compararon las concentraciones de leucocitos en 21,005 sujetos con SMet y 66,339
controles. Los sujetos que presentaban SMet tuvieron una media de leucocitos superior,
0,64 cells x10%L; C195% 0,55 — 0,72; p<0,001; 1= 93%.

Conclusiones: Las variables proinflamatorias analizadas presentan una asociacion
significativa con el SMet. La evaluacion en profundidad de la relacion del AU, las
enzimas hepaticas (ALT, AST, GGT) y los leucocitos en el proceso fisiopatoldgico del

SMet podria conducir a nuevas perspectivas en el diagndstico temprano.

Palabras clave: acido Urico, alanina transaminasa, aspartato aminotransferasa, gamma-
glutamiltransferasa, leucocitos, marcador bioldgico, recuento de glébulos blancos,

sindrome metabdlico.
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Abstract

Introduction: Metabolic syndrome (MetS) is a group of metabolic abnormalities
characterized by central obesity, hypertension, dyslipidemia, and dysregulation of blood
glucose, associated with the risk of diabetes, cardiovascular disease, and overall
mortality. It has become a worldwide epidemic because of the increase in problems
derived from obesity (oxidative stress, and low-grade inflammation, among others).
Alterations in uric acid (UA) homeostasis have been correlated with several diseases such
as gout, MetS, cardiovascular disease, diabetes, hypertension, and kidney disease. In turn,
elevated liver enzymes may precede the development of MetS, with liver alterations being
observed that are directly related to metabolic problems. The leukocyte count is a
selective marker of acute infection and inflammation, which could provide information

on the metabolic status of the subjects.

Objectives: To evaluate and compare the diagnostic efficacy of proinflammatory
variables for MetS. To update and review the available scientific evidence on the
association between MetS and proinflammatory variables, including uric acid,
transaminase levels, and leukocyte count. Quantify the size of the effect of each
proinflammatory variable on MetS. To identify which proinflammatory biomarkers have

a significant association with MetS.

Material and Methods: A systematic review and meta-analysis of the studies indexed in
the PubMed and Scopus databases was performed. The methodological quality was
assessed with the STROBE tool, the overall risk of bias with RevMan (Cochrane

Collaboration) and the quality of evidence with Grade Pro.

Results: The first systematic review and meta-analysis included 43 articles comparing
UA concentrations between 91,845 subjects with MetS and 259,931 controls. Subjects
with MetS had a higher mean UA of 0,57 mg/dL (95% CI 0,54-0,61) (p<0,001). In the
second, 17 articles were included that compared liver enzyme concentrations between
76,686 MetS+ and 201,855 MetS- subjects. The concentration of ALT, AST and GGT in
MetS+ subjects was significantly higher than in the control group 7,13 1U/L (CI195% 5,73
— 8,54; p<0,001), 2,68 1U/L (CI95% 1,82 — 3,54; p<0,001; 1= 96%) and 11,20 1U/L
(C195% 7,11 — 15,29; p<0,001; 1= 96%), respectively. In the third, 14 articles were

included that compared leukocyte concentrations in 21,005 subjects with MetS and
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66,339 controls. Subjects with MetS had a higher mean leukocyte count, 0,64 cells
x10%L; C195% 0,55 — 0,72; p<0,001; 1= 93%.

Conclusions: The proinflammatory variables analyzed show a significant association
with MetS. An in-depth evaluation of the relationship of UA, liver enzymes (ALT, AST,
GGT) and leukocytes in the pathophysiological process of MetS could lead to new

perspectives in early diagnosis.

Keywords: alanine transaminase, aspartate aminotransferase, biologic marker, gamma-

glutamiltransferasa, leukocytes, metabolic syndrome, uric acid, white blood cells count.
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1. Introduccidén

1.1. Marco tedrico y justificacion

En la década de 1980, surgi6 el término "Sindrome X" para describir una serie de
anomalias metabodlicas que estaban interrelacionadas y aumentaban el riesgo de
desarrollar enfermedades cardiovasculares (ECV). Este sindrome englobaba
componentes como la obesidad abdominal, la hipertension, la dislipemia y la resistencia
a la insulina (RI). Fue una conceptualizacién crucial que permitié una comprension mas
integrada de las condiciones subyacentes a las ECV y la diabetes mellitus tipo 2 (DMT?2).
Esta nomenclatura sentd las bases para lo que posteriormente se conoceria como el
Sindrome Metabdlico (SMet)*.

Paraddjicamente, no existe una definicion clinica acordada para el SMet a pesar de
que las definiciones existentes comparten los mismos criterios diagndsticos. Sin embargo,
al tratarse de un sindrome, se acepta que el diagnostico requiere la asociacion de, al
menos, dos 0 més factores de riesgo de ECV. Después de que la Organizacion Mundial
de la Salud (OMS) definiera el SMet en 19982, los grupos de estudio y organizaciones
acreditadas han continuado los esfuerzos para unificar la definicion de SMet. Sin
embargo, todavia se utilizan varios criterios de diagnostico en la investigacion. A
continuacidn, se enumeran en orden cronoldgico, las definiciones mas representativas y

sus principales diferencias:
1. Criterios de la OMS (1998)2

El diagndstico de SMet se establece con la presencia de RI, definida como
DMT?2 o alteracion de la tolerancia a la glucosa o alteracion de la glucosa en ayunas

(>100 mg/dl), junto con dos 0 méas de los componentes enumerados a continuacion:

- Presion arterial >140/90 mmHg o tratamiento con antihipertensivos.

- Triglicéridos > 150 mg/dl.

- Obesidad abdominal (relacion cintura-cadera > 0,9 en hombres o0 > 0,85
en mujeres, o indice de masa corporal > 30 kg/m?).

- HDL-colesterol < 35 mg/dl hombres, < 39 mg/dl mujeres.

- Microalbuminuria (tasa de secrecion de albimina urinaria > 20 pg/min, o

proporcion de albumina a creatinina > 30 mg/dl).
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2. Criterios del Panel 111 de Tratamiento de Adultos del Programa Nacional de
Educacion sobre el Colesterol (NCEP ATP I11) (2001)3

El diagnostico de SMet se realiza con la presencia de tres de los siguientes

cinco criterios:

- Obesidad abdominal; mujeres > 88 cm, hombres >102 cm.
- Triglicéridos > 150 mg/dl.

- HDL-colesterol; mujeres < 50 mg/dl, hombres < 40 mg/dl.
- Presion arterial > 130/85 mmHg.

- Alteracién de la glucosa en ayunas o DMT2 >110 mg/dl.
3. Criterios de la Federacion Internacional de Diabetes (2005)*

En este caso, es necesario que la persona presente obesidad central (especifica

del grupo étnico), mas dos de los siguientes criterios:

Triglicéridos > 150 mg/dl.

HDL-colesterol; mujeres < 50 mg/dl, hombres < 40 mg/dl.
- Presion arterial > 130/85 mmHg.

Glucosa en ayunas o DMT2 >110 mg/dl.
4. Harmonizing the Metabolic Syndrome (2009)°

Para el diagnostico de SMet se requiere la presencia de tres 0 méas de los

siguientes componentes:

- Circunferencia de cintura elevada (poblacion y definiciones especificas de
cada pais).

- Triglicéridos > 150 mg/dl

- HDL-colesterol; mujeres < 50 mg/dl, hombres < 40 mg/dl.

- Presion arterial > 130/85 mmHg

- Glucosa en ayunas >100 mg/dl.

A pesar de las diferencias, todas las definiciones se basan sobre un pilar sélido
formado por cuatro caracteristicas principales: obesidad central, hipertension, dislipemia
y RI®. La alta prevalencia del SMet parece ser un punto en comln entre diferentes

definiciones y poblaciones de todo el mundo.
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En base a esto, se plantea un &mbito de intervencion y medidas preventivas. Cada
pais debe identificar sus propios factores de riesgo y aplicar estrategias para su prevencion
y gestion. Se refleja la necesidad de una mayor investigacion para esclarecer los
mecanismos comunes entre los factores de riesgo de la DMT2 y ECV, incluyendo los

presentes en el SMet.
> Epidemiologia

A nivel mundial, la prevalencia del SMet ha aumentado de manera constante en
las ultimas décadas, en gran parte debido a factores como el envejecimiento de la
poblacion, la urbanizacion, los cambios en los estilos de vida, entre ellos, la dieta. Segun
estimaciones de la OMS, alrededor de una cuarta parte de la poblacion adulta mundial se
ve afectada por el SMet. En Europa, la prevalencia del SMet varia segun los paises.
Algunos estudios epidemioldgicos indican que aproximadamente el 20-30% de la
poblacion adulta europea puede cumplir con los criterios diagndsticos para el SMet’.

Se trata de una alteracion no transmisible multifactorial que contribuye de forma
importante a la morbimortalidad, por lo que se considera una carga para la salud publica
en todo el mundo®. Por ello, el diagnostico precoz y la prevencion del SMet son

esenciales.
» Fisiopatologia

De manera similar a su definicion, la fisiopatologia del SMet no esta consensuada;
sin embargo, se sostiene de manera sélida que este sindrome surge como resultado de la
interaccion compleja entre factores genéticos y ambientales. EI SMet se distingue por un
conjunto de factores de riesgo aterogénicos interconectados que incluyen resistencia a la
insulina, estrés oxidativo, dislipidemia, niveles elevados de presion arterial, inflamacion
cronica, obesidad y factores de estilo de vida como patrones dietéticos e inactividad

fisica®.
- Resistencia la insulina

En una situacion normal, un aumento de la glucosa en sangre estimula la
liberacion de insulina de las células beta pancreaticas. La insulina, favorece la captacion
de glucosa de la circulacion por las células para la glucolisis o se almacena como

glucogeno en el higado o en el musculo. La insulina no solo regula el metabolismo de la
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glucosa, sino que también modula el metabolismo de los lipidos. La lipogénesis aumenta
en respuesta a la insulina, mientras que inhibe la lipdlisis'®!! La RI es una respuesta
fisiolOgica alterada a la estimulacion de los tejidos diana, como el higado, los musculos
y el tejido adiposo, lo que dificulta el metabolismo de la glucosa y resulta en hipertrofia
de las células beta, aumento de la produccion de insulina en las células beta e

hiperinsulinemial?*3,

Se ha demostrado que la acumulacion ectopica de lipidos en el masculo y el
higado predispone a la RI, desempefiando un papel central en el inicio, la progresion y la
transicion del SMet a ECV y DMT24%,

- Estrés oxidativo

El estrés oxidativo resulta de la produccion desequilibrada de especies reactivas
de oxigeno y nitrogeno (ROS y RNS, respectivamente) asociadas con una disminucién
de la cantidad/expresion y una actividad deteriorada de los sistemas antioxidantes.
Cuando estan disponibles en cantidades bajas, ROS y RNS actian como moléculas de
transduccion de sefiales que impulsan las actividades celulares y brindan proteccién
celular. Sin embargo, cuando se producen en exceso, como en el caso de los tejidos
inflamados, pueden generar otras especies altamente reactivas capaces de oxidar
irreversiblemente proteinas, lipidos y &cidos nucleicos. Esta modificacion oxidativa
desencadena la alteracion de la sefializacion celular y la muerte celular programada®®. El
estrés oxidativo puede ocurrir por multiples mecanismos, con papeles destacados
atribuibles a la disfuncion mitocondrial, la activacion de la enzima productora de
ROS/RNS vy al deterioro de la actividad del sistema antioxidante. Varios mediadores
proinflamatorios, conocidos por promover el estrés oxidativo, se liberan a los tejidos
vasculares, donde estimulan la activacion y disfuncién endotelial. Las citoquinas
inflamatorias (leptina, TNF-a e IL-6), altas cantidades de glucosa, y los &cidos grasos

libres desempefian un papel fundamental en la desregulacion y actividad de ROS"18,

En el SMet, la produccion de ROS podria aumentar mediante la acumulacion de
acidos grasos libres plasmaticos que eleva la formacion y liberacion de ROS y RNS en
las células endoteliales y el musculo liso vascular. La exposicion del tejido adiposo al
estrés oxidativo da como resultado el desarrollo de un estado inflamatorio sistémico, que

contribuye a la vasculopatia asociada a la obesidad y al riesgo vascular'®.
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- Inflamacién crénica

Se ha observado inflamacion cronica de bajo grado en la obesidad, la DMT2, las
ECV vy otras enfermedades cronicas relacionados con el SMet. Esta ampliamente
establecido que las células inmunitarias desempefian un papel importante en esta
patogénesis. Las alteraciones metabdlicas activan el sistema inmunolédgico y aumentan
sistematicamente los marcadores inflamatorios plasmaticos, como TNF-a, IL-6, IL-1b,
etc?. Por ello, la inflamacion parece ser el vinculo patogénico entre la obesidad y los

trastornos metabolicos a través de la activacion del sistema inmunol6gico®.

Estas alteraciones subyacentes a menudo se presentan como parametros clinicos
del SMet y niveles plasmaticos elevados de citoquinas proinflamatorias y proteinas de
fase aguda como la proteina C reactiva. EI mantenimiento prolongado o el empeoramiento
de este estado metabdlicamente disfuncional perpetta ain mas la desregulacion del
metabolismo de los lipidos y la respuesta inmune, aumentando asi el riesgo de que un
individuo desarrolle una amplia gama de enfermedades crdnicas, entre las que se incluye
el SMet?,

- Factores ambientales

Se han identificado algunos factores ambientales y de estilo de vida (comer en
exceso e inactividad fisica), como principales contribuyentes al desarrollo del SMet. Se
puede atribuir un papel causal a la ingesta calorica elevada, ya que se ha demostrado que
la adiposidad visceral es un desencadenante importante que activa la mayoria de las vias
del SMet?2. En este sentido, el metaanalisis realizado por Neale et al. sugiere que un
alimentacion rica en frutas, verduras, cereales integrales y con ingestas reducidas de carne
roja resultdé en una disminucion de los niveles de PCR, lo que sugiere atenuacion del

estado inflamatorio®.

Por todo lo comentado anteriormente, la fisiopatologia subyacente involucra la
RI, la inflamacion cronica de bajo grado, la disfuncion endotelial y el estrés oxidativo

crénico, jugando un papel crucial en la patogenia del SMet?*2°,
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» Variables proinflamatorias

Los marcadores inflamatorios generalmente aumentan en pacientes con SMet,
pero el vinculo entre la inflamacion y el desarrollo de SMet no estd completamente
establecido. Debido a su complejidad y las diversas influencias y consecuencias para otras
enfermedades, es dificil hacer una distincion bien definida de la capacidad diagnostica de
los diversos grupos de biomarcadores. La subdivision tiene limitaciones: la complejidad
del sindrome, la interaccion de las diversas vias bioquimicas y la superposicion de los

marcadores.

No obstante, existen algunos estudios que han mostrado asociacion entre SMet y
las siguientes variables indicativas de procesos inflamatorios: &cido Urico (AU),
leucocitos, transaminasas hepaticas, proteina C reactiva (PCR), velocidad de

sedimentacion globular (VSG), entre otras?’?8:2%,

En la presente tesis doctoral profundizaremos en tres grupos de biomarcadores

inflamatorios: AU, transaminasas y leucocitos.
A. Acido Urico

En primer lugar, el AU se define como el producto final del metabolismo de las
purinas en los seres humanos®. La hiperuricemia es una enfermedad metabélica causada
por el aumento de la formacion o la reduccion de la excrecidon de acido Urico sérico
(AUS). Desajustes en la homeostasis del SUA se han relacionado con varias

enfermedades como gota, SMet, ECV, diabetes, hipertension y enfermedades renales®..

A pesar de la frecuente asociacion entre los niveles de AUS y el SMet®>% |a
hiperuricemia no figura en los criterios de diagnéstico propuestos para definir esta
patologia. Sin embargo, la accion prooxidante de la hiperuricemia puede desencadenar
inflamacion y disfuncién endotelial al reducir la disponibilidad de Oxido nitrico,

promoviendo asi el desarrollo de las patologias mencionadas anteriormente®*35:36,
B. Transaminasas

Ademas de incrementar el riesgo de padecer una ECV, se ha demostrado que el
SMet y sus factores de riesgo, incluyendo la obesidad y la DMT2, estan asociados con la
patologia hepatica. En este sentido, el SMet tiene una relacion directa con la Enfermedad
del higado graso no alcohdlico (EHGNA)®’, siendo ambos predictores del desarrollo de
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fibrosis y carcinogénesis hepatocelular®. La EHGNA afecta aproximadamente al 25% de
la poblacion mundial, y es una de las principales causas de cirrosis, carcinoma
hepatocelular y trasplante hepatico®. Esta alteracion, caracterizada por el depdsito de
lipidos en los hepatocitos, engloba a un grupo de patologias hepaticas que se asemejan a
la enfermedad hepatica alcohdlica, y van desde la esteatosis simple hasta la
esteatohepatitis y la cirrosis*. Cuando la grasa se deposita en 6rganos sensibles a la
insulina, como el higado, los musculos y los compartimentos viscerales, aumentan los
acidos grasos libres y las citoquinas inflamatorias, mientras que los niveles de
adiponectina disminuyen®>*!, Esta situacion puede desembocar en resistencia a la insulina

periférica, aterogénesis temprana, alteraciones en el metabolismo de la glucosa y SMet
42,43

Estas patologias hepaticas han ganado relevancia como por ser las principales
causas de morbilidad y mortalidad relacionadas con el higado, y por ser un factor de
riesgo de la DM, la enfermedad renal crénica, la hipertension arterial, el SMet y el ECV*4,
En este contexto, la deteccion precoz de la alteracion hepatica ayudaria a evitar o
diagnosticar otras alteraciones metabdlicas. Segun estudios recientes, las pruebas de
funcién hepatica, incluida la concentracion sérica de alanina transaminasa (ALT),
aspartato transaminasa (AST), fosfatasa alcalina (ALP) y gamma-glutamiltransferasa
(GGT), pueden ser parametros valiosos en la evaluacion del estado metabdlico,
especialmente en la investigacion de trastornos cardio-metabdlicos®. De manera
especifica, distintos autores han explorado las asociaciones entre las enzimas hepéticas y
SMet y ECV en diferentes poblaciones*®4’. A este respecto, en estudios prospectivos se
ha demostrado que niveles elevados de ALT son predictores de ECV “8%9 asi como con
el SMet y sus componentes®. Por su parte, aunque la GGT se considera un indicador del
grado de enfermedad hepética y del consumo de alcohol, varios trabajos revelaron que el
nivel de esta enzima también se asocia con diabetes, hipertension y mortalidad
cardiovascular independientemente del dafio hepatico o el consumo de alcohol®*°2, Una
de las ventajas de estos parametros es que son medidos de forma comun en las pruebas
de funcion hepética y son marcadores bien conocidos de dafio hepatico®. Por lo tanto,
esta posible relacion entre las enzimas hepaticas séricas y el SMet han llamado mucho la

atencion en los ultimos afos.
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C. Leucocitos

La evidencia sugiere que los cambios en los parametros hematologicos
relacionados con procesos inflamatorios, como el recuento de glébulos blancos (WBC) y
los marcadores protrombéticos, pueden estar asociados con SMet***, EI WBC, los
neutrofilos y los linfocitos son marcadores de inflamacion comunes, econémicos y
ampliamente utilizados en el entorno clinico®. Estos marcadores activan los principales

tipos de células involucradas en la inflamacion aguda y cronica®.

La serie blanca alterada por los factores de riesgo inflamatorios cronicos
mencionados anteriormente, tienen una mayor probabilidad de unirse y adherirse al
endotelio vascular, lo que puede causar leucocitosis capilar y, en Ultima instancia,
provocar vasoconstriccion e hipertension®. Asi mismo, el WBC esta directamente
asociado con la RI e inversamente con la secrecion de insulina. En relacién con esto, se
ha demostrado que el WBC predice tanto el empeoramiento de la sensibilidad a la insulina
como la incidencia de DMT2%°. Ademas, como consecuencia de la inflamacién inducida
por la hipertrofia y la infiltracion de leucocitos, el tejido adiposo pierde sensibilidad a la
insulina, lo que resulta en un aumento de la lipolisis y un deterioro del almacenamiento
de lipidos, aumentando su disfuncionalidad. Los &cidos grasos libres y los triglicéridos se
movilizan a la circulacion, lo que conduce a la acumulacion de derivados de lipidos en el
musculo esquelético, el higado y las células B del pancreas, lo que conlleva un deterioro

del funcionamiento de los tejidos y una resistencia sistémica a la insulina®.

El aumento de leucocitos puede estar directamente involucrado en la patogénesis
del SMet, al aumentar el desplazamiento de las células inflamatorias al tejido adiposo. El
mantenimiento prolongado o el empeoramiento de este estado metabolicamente
disfuncional perpetia ain mas la desregulacion del metabolismo de los lipidos y las
respuestas inmunitarias, lo que aumenta el riesgo de un individuo de desarrollar una
amplia gama de enfermedades cronicas®®®l., Ademas de asociarse de manera
independiente con algunos de los factores que condicionan la aparicion del SMet, estudios
previos han demostrado una relacion significativa entre el WBC y SMet>*52, En este
sentido, se ha observado que el nimero de subtipos de células inmunitarias,
especificamente, el numero total de leucocitos, linfocitos y monocitos es mayor en
individuos con SMet®. Por lo tanto, ya que la inflamacion subclinica cronica esta

implicada en la génesis del SMet y el WBC puede emplearse como un marcador de
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inflamacion, la evaluacion de la asociacion entre el recuento de WBC y el desarrollo de

SMet puede generar un nuevo parametro que ayude en su deteccion.

Dado que la prevalencia de SMet esta aumentando en todo el mundo e incrementa
el riesgo de morbimortalidad, la identificacion de biomarcadores que permitan detectar
de manera precoz el SMet es de gran importancia para su deteccion precoz, la
monitorizacion de su evolucion clinica y la prevencion de complicaciones asociadas a

este.
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2. Hipotesis y objetivos de estudio

2.1. Hipdtesis de estudio

El SMet engloba un conjunto de anomalias metabolicas que incluye la obesidad
central, la hipertension, la dislipidemia y la desregulacion de la glucemia. Esta alteracion
esta asociada con un incremento del riesgo de desarrollar diabetes, ECV y un aumento de
la tasa de mortalidad general. La incidencia y la prevalencia de SMet han aumentado a
nivel global, convirtiendo esta enfermedad no transmisible en un importante peligro para
la salud publica. Por tanto, la identificacion de biomarcadores que permitan detectar de

manera precoz el SMet es de gran importancia.
2.2.ODbjetivos de estudio
2.2.1. Objetivo principal

Evaluar y comparar la eficacia diagndstica de variables proinflamatorias para el
SMet.

2.2.2. Objetivos especificos

- Actualizar y revisar la evidencia cientifica disponible sobre la asociacion entre
SMet vy variables proinflamatorias; incluyen el &cido drico, los niveles de
transaminasas y el recuento de leucocitos.

- Cuantificar el tamafio del efecto de cada variable proinflamatoria sobre el SMet.

- ldentificar qué biomarcadores proinflamatorios presentan una asociacion
significativa con el SMet.

- Establecer la fuerza de asociacion de las distintas variables proinflamatorias y el
SMet.
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3. Resultados

3.1.Capitulo |
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Association between metabolic
syndrome and uric acid:

a systematic review

and meta-analysis

Elena Raya-Cano?, Manuel Vaquero-Abellan?, Rafael Molina-Luque?~,
Domingo De Pedro-Jiménez®, Guillermo Molina-Recio’? & Manuel Romero-Saldafa?

This systematic review and meta-analysis aim to provide the best evidence on the association
between metabolic syndrome (MetS) and uric acid (UA) by determining the size of the effect of this
biomarker on MetS. The review protocol is registered with PROSPERO (CRD42021231124). The search
covered the PubMed and Scopus databases. Methodological quality was assessed with the STROBE
tool, overall risk of bias with RevMan (Cochrane Collaboration) and quality of evidence with Grade
Pro. Initially, 1582 articles were identified. Then, after excluding duplicates and reviewing titles and
abstracts, 1529 articles were excluded from applying the eligibility criteria. We included 43 papers

(56 groups) comparing UA concentrations between subjects 91,845 with MetS and 259,931 controls.
Subjects with MetS had a higher mean UA of 0.57 mg/dI (95% CI 0.54-0.61) (p <0.00001). Given the
heterogeneity of the included studies, the researchers decided to perform subgroups analysis. Men
with MetS have a higher UA concentration mg/dl 0.53 (95% Cl 0.45-0.62, p <0.00001) and women
with MetS 0.57 (95% Cl 0.48-0.66, p <0.00001) compared to subjects without MetS. Assessment of
UA concentration could provide a new avenue for early diagnosis of MetS, as a new biomarker and the
possibility of new therapeutic targets.

Metabolic syndrome (MetS) is defined as a set of metabolic abnormalities, including dysglycaemia, central obe-
sity, dyslipidaemia (elevated triglycerides and decreased HDL-cholesterol) and hypertension. These alterations
increase the risk of type 2 diabetes mellitus and cardiovascular disease’. The pathogenesis of Mets is not well
understood but involves complex interactions between genetic background, hormones, and environmental fac-
tors such as air pollution, toxins and nutrients’. Previous evidence supports that insulin resistance (IR), oxidative
stress and low-grade inflammation play a central role’.

Chronic low-grade systemic inflammation appears to be a central mechanism underlying the pathophysiology
of MetS**. This inflammation is characterised by an increase in pro-inflammatory mediators and the activation
of several inflammatory pathways that are significantly associated with cardiovascular events®. In addition, the
increased concentration of pro-inflammatory substances is primarily related to obesity, especially central obesity,
resulting in altered endocrine function of visceral adipose tissue®.

Due to the increasing prevalence of obesity, the prevalence of MetS has grown worldwide, and it is expected
to continue increasing in the coming years’. In this respect, the adult population with MetS is estimated between
20 and 30% in most countries®. Due to the complexity of MetS, with diverse influences and implications for other
diseases, it is not easy to make a clear-cut distinction of the diagnostic ability of the various biomarker groups.
Moreover, the subdivision has limitations: the complexity of the syndrome, interactions of various biochemical
pathways and the overlap of markers’.

Nevertheless, some studies have shown an association between MetS and the following variables indicative
of inflammatory processes: uric acid (UA), C-reactive protein (CRP), liver transaminases (ALT), erythrocyte
sedimentation rate (ESR), leukocytes, among others'®"'2. Likewise, through magnetic resonance spectroscopy,
different metabolites have been identified in urine, highlighting glucose, lipids, aromatic amino acids, salicylic
acid, maltitol, trimethylamine N-oxide and p-cresol sulphate, which have been associated with the progression
of MetS*>.

!Department of Nursing, Pharmacology and Physiotherapy, University of Cérdoba, Cérdoba, Spain. 2Lifestyles,
Innovation and Health (GA-16), Maimonides Biomedical Research Institute of Cordoba (IMIBIC), Avd. Menéndez
Pidal N/N, 14004 Cérdoba, Spain. *Faculty of Nursing, University of Cadiz, Cadiz, Spain. “‘email: p72molur@uco.es
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UA is an enzymatic end product of purine metabolism in humans'“. Hyperuricaemia is a metabolic disease
caused by increased formation or reduced serum uric acid (SUA) excretion. Alterations in SUA homeostasis
have been correlated with several diseases such as gout, MetS, cardiovascular disease, diabetes, hypertension
and kidney disease'.

Although SUA levels are often associated with MetS'®"7, hyperuricaemia is not included among the diagnostic
criteria that have been proposed internationally for the definition of this pathology. However, the pro-oxidant
action of hyperuricaemia may induce inflammation and endothelial dysfunction by decreasing the availability
of nitric oxide, thus promoting the development of the pathologies discussed above'®-2!.

Given that the prevalence of MetS increases worldwide and raises the risk of morbidity and mortality, iden-
tifying biomarkers for the early detection of this pathology is of great importance®. Therefore, the main Aim
is to provide the best evidence on the association between MetS and UA by determining the effect size of this
biomarker.

Methods

Literature search and selection. A systematic review and meta-analysis were carried out, following the
criteria established by the PRISMA statement?. The search covered the PubMed and Scopus databases. The
search strategy was developed by combining the following Medical Subject Headings (MeSH) descriptors: "met-
abolic syndrome", "uric acid", using the Boolean operator AND. The review was carried out from 2015 to May
2021. In addition, hand searching the reference lists of included studies supplemented the tracking of the avail-
able literature. The systematic review was registered in PROSPERO with ID CRD42021231124.

Eligibility criteria. We included longitudinal, cross-sectional, case-control and cohort studies, which inves-
tigated the association between MetS and UA. In addition, their results had to include the mean and standard
deviation of the study parameters. Furthermore, only papers in English and Spanish and those articles collected
data in subjects older than 18 years were considered. Finally, abstracts and unpublished studies comparing sub-
jects with and without MetS were excluded.

Data collection. Two authors (E.R.C. and M.R.S.) separately screened all articles obtained in the search to
eliminate duplicates. Then, two other authors (D.PJ. and R.M.L.) independently read the title and abstract and
applied the eligibility criteria to select the articles that were finally included in the review. Finally, a fifth authors
(M.V.A.) acted as a judge in case of discrepancy. One researcher (E.R.C.) oversaw extracting the data, verified by
a second researcher (G.M.R.). A third researcher (M.R.S.) resolved the disagreement in case of a tie.

The extracted articles were drawn up with a table with the main characteristics (author, year, country, study
design, reporting guidelines, age of participants, MetS, Aims, conclusions).

The following data were extracted from each study: citation, details of the study population (including age
and sex), study design, sample size, study, aims, the mean and standard deviation of UA in those subjects with
and without MetS.

Evaluation of the qualitative synthesis. Four authors (R.M.L., D.PJ., G.M.R. and E.R.C.) were respon-
sible for the evaluation of the qualitative synthesis through a triple analysis:

1. Assessment of methodological quality. The STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) statement?* was used for observational studies.
2. Risk of bias assessment. Researchers were using the Cochrane Collaboration® tool included in the REVMAN
5.4.2. software, the risks of selection, conduct, detection, attrition, and reporting were analysed.
3. Assessment of the quality of evidence. With the help of the Grade Protool, the evidence profile table was
developed, establishing the following levels®:
e High: high confidence in the match between the actual and estimated effect.
e Moderate: moderate confidence in the effect estimate. There is a possibility that the actual effect is far
from the estimated effect.
e Low: limited confidence in the estimate of the effect. The actual effect may be far from the estimated
effect.
e Very low: low confidence in the estimated effect. The actual effect is very likely to be different from the
estimated effect.

Statistical analysis (evaluation of the quantitative synthesis or meta-analysis). For the meta-
analysis, the Cochrane Review Manager software (RevMan 5.4.2) was used to perform the statistical calculations
and create the forest plots and funnel plots. Due to the difference in effect size of the included studies, a meta-
analysis was performed using the Mantel-Haenszel random-effects method according to the DerSimonian and
Laird model. The difference between arithmetic means with a 95% confidence interval was used to measure
effect size. The risk of publication bias was assessed using the funnel plot. Heterogeneity was analysed using the
Chi-square test and the inconsistency index (I?). According to the Cochrane Collaboration tool, heterogeneity
was classified as: unimportant (0-40%), moderate (30-60%), substantial (50-90%) and considerable (75-100%).
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Figure 1. PRISMA flowchart. MetS: metabolic syndrome; SD: standard deviation.

Results
Characteristics of the studies. Initially, 1582 articles were identified. Then, after excluding duplicates
and reviewing titles and abstracts, 1529 articles were excluded from applying the eligibility criteria. Finally, a
total of 43 articles were selected for systematic review and meta-analysis (Fig. 1).Given the large number of
articles found in the search, it was divided into three subgroups: (i) articles providing UA data globally without
distinction of sex (n=24); (ii) articles with disaggregated data for men (n=17) and (iii) women (n=15). The
detailed characteristics of the selected studies are shown in Table 1. Regarding research design, all studies were
observational. Twenty-seven studies’” ** defined MetS according to the third report of the National Cholesterol
Education Program (NCEP-Adult Treatment Panel (ATP III)*. Seven studies®®' assessed metabolic syndrome
using the International Diabetes Federation (IDF) criteria®’. Four studies®-%® used the harmonised criteria®.
Three studies®®-" used Chinese Medical Association criteria’'; Sumiyoshi et al.”? used the Japanese criteria” and,
finally, Osadnik™ used the criteria defined in the study by Buscemi et al.”.
Concerning the articles’ origin, twelve (27.9%) were conducted in China**?#39424850,61.646668-70 Tp) total, the
43 selected papers compared UA concentrations between 91,845 subjects with MetS and 259931controls. The
age of study participants ranged from 18 to 90 years.

Methodological quality assessment.  All papers scored 16 points or more out of the 22 items included
(highest tercile). No article was excluded for insufficient methodological quality. Table 1 shows a column with
the score for each of the reports.

Bias risk analysis. Overall (Fig. 2), the main biases were: random sequential generation, allocation and
participant and staff concealment, and blinding of outcome assessment, affecting 72% of the reports. Figure 3
represents the individual assessment of the included studies.

Quantitative analysis. Meta-analysis. Meta-analysis 1. This analysis comprises 43 papers, including
men and women, together or separately, resulting in 56 groups (Fig. 4). Subjects with MetS had a mean UA
8.2% higher than those without this syndrome (5.89 mg/dl vs. 5.44 mg/dl; p<0.00001). The funnel plot (Fig. 5)
shows a low risk of publication bias. The sensitivity analysis performed to assess the pooled estimate’s stability
concerning each meta-analysis study did not show that any study significantly affected the heterogeneity of the
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Ahmadnezhad et al,,
2018, Iran™

Cohort study

49.5+8.1 MetS+
47.1£8.1 MetS—

2481/4727
Total 7208

IDF

Aim: association
between serum
prooxidant antioxidant
balance (PAB), AU

and hs-CRP in 7208
participants in the
MASHAD study cohort
Conclusion: PAB,

UA and hs-CRP are
independently associated,
with the presence of
MetS

Akboga et al., 2016,
Turkey*”

Cross-sectional study

19

57.2+8.7 MetS+
55.2+8.9 MetS—

114/63
Total 177

NCEP ATP III

Aim: The aim of the
study was to assess the
association of serum
YKL-40 levels with the
presence and severity
of MetS

Conclusion: Serum
levels of YKIL-40 are
significantly associated
with the presence of
MetS

Ali et al,, 2020,
Bangladesh®®

Cross-sectional study
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27.8+10.4 MetS—

93/327
Total 420

NCEP ATP IIT

Aim: To assess the
relationship of SUA
with MetS and its
components in
Bangladeshi adults
Conclusion: Elevated
SUA is significantly
associated with the
prevalence of MetS and
its components

Chang et al., 2019,
Taiwan®

Longitudinal cohort
study

20

230 years

409/2959
“Total 3368

NCEP ATP IIT

Aim: to examine
whether the inclusion
of additional metabolic
components to the
current five markers
can improve the
discriminative validity
for MetSdiagnosis
Conclusion: The five
current metabolic
markers used for
MetSdiagnosis represent
the best combination
with the highest
discriminative validity

Chen Y et al,,
2017, Taiwan*

Cross-sectional study

20

33.8+4.8 MetS+
30.1£5.6 MetS—

2225/20,982
Total 23,207

NCEP ATP 111

Aim: to investigate the
relationship between
UA and the presence

of T2DM in the young
adult population, and to
determine cut-off values
for UA to predict the
incidence of T2DM, DM
and HTN

Conclusion: UA is an
important predictor of
the risk of developing
T2DM, HT in adults,
especially in the male
population

Cheng et al,, 2017, Italy™

Cross-sectional study

18

56.5+16.2 Men+
47.8+18.4 Men—
56.6+17.5 Women+
44.5+18.3 Women—

969/2595 Men
“Total 3564
1130/2676 Women
Total 3806

NCEP ATP 111

Aim: To explore gender
differences between
leukocyte telomere
length (LTL) and MetS,
1999-2002

Conclusion: the more
MetS components, the
greater the shortening
of the LTL, especially in
women
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Ding et al., 2018, Japan®

Retrospective cohort
study

20

46.9+9.4 MetS+
43.5+8.5 MetS—

7835/55,845
Total 63,680

NCEP ATP IIT

Aim: to estimate future
risks of long-term
health outcomes
related to MetS and its
components
Conclusion: MetS can
help identify individuals
with metabolic profiles
that confer substantial
risk for multiple
diseases, providing
ancillary value in
disease prediction and
prevention

Fawzy et al., 2020, Saudi
Arabia™

Cross-sectional study

20

43.1 12 MetS+
373416 MetS—

90/90
Total 180

NCEP ATP ITT

Aim: To investigate
possible relationships
between UA and MetS
and its components in
a sample of Saudi adult
population
Conclusion: Serum
UA levels in the Saudi
population may be
associated with the
risk of MetS and its
components

He etal., 2021, China*

Retrospective cohort
study

21

58.3+7.4 Men+
57.5+7.3 Men—
57.2+7.6 Women+
53.3+7.9 Women—

1339/1895 Men
Total 3234
3032/3694 Women
Total 6726

NCEP ATP IIT

Aim: association
between haemoglobin
levels and MetS
Conclusion:
haemoglobin may play
an important role in the
development of MetS in
both men and women

Jeong et al., 2019,
Korea*

Cross-sectional study

20

49.8+0.5Men+
43.8+0.4 Men—
58.9+0.6 Women+
44.4+0.4 Women—

790/1712 Men
Total 2502
809/2447 Women
“Total 3256

NCEP ATP 111

Aim: to identify optimal
AU level limits for MetS
prediction

Conclusion: Among
Korean adults, SUA
levels were found to be
strongly associated with
the presence of MetS

Kawada et al., 2015,
Japan®

Cross-sectional study

43.7£7.2 MetS+
42.4+6.8 MetS—

862/4240
Total 5102

NCEP ATP IIT

Aim: To examine the
association between
MetS and biomarkers,
including CRP, UA and
plasma fibrinogen levels,
in combination with
lifestyle factors
Conclusion: CRP, UA,
no regular exercise and
current smoking are
associated with MetS

Klongthlay et al., 2020,
‘Thailand®

Cross-sectional study

20

56.2+10.4 MetS+
51.7+14.2 MetS—

66/136
“Total 202

Harmonised criteria

Aim: to assess the
prevalence of T2DM
and to investigate the
relationship between
T2DM and risk factors
Conclusion: Decreasing
SUA, promoting physical
activity and smoking
cessation may decrease
the risk of developing
MetS among Thais

Lee etal., 2016, Korea™

Retrospective study

21

52.1+8.1 Men+
52+8.5 Men—
52.6+7.7 Women+
48.8+7.2 Women—

1695/5195 Men
Total 6890
744/3979 Women
Total 4723

NCEP-ATP III

Aim: to determine

the effect of change in
bilirubin concentration
on the risk of incident
MetS in Korean adults
Conclusion: elevated
bilirubin values increase
the risk of Met$

Lietal, 2016, China*

Cross-sectional study

20

18-79 years

691/1452 Men
Total 2143
1223/2207 Women
Total 3430

NCEP ATP IIT

Aim: to assess the
relationship between
SUA and MetS
Conclusion: normal SUA
level is a contributing
clinical predictor of
MetS, especially in
women
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Aim: to investigate the
association of MetS with
the incidence of thyroid

Liang et al.,, 2020,
China®

Prospective cohort study

40+8.9 Men+
3749.9 Men—
45.14+9.5 Women+
36.2+10 Women-—

576/1949 Male
Total 2525
289/1935 Women
Total 2224

NCEP ATP 11T

nodules in Chinese
adults

Conclusion: nodular
thyroid disease is more
common in Met$ cases

Liu et al., 2018, China®

Cross-sectional study

69.5+7.0 MetS+
70.0+7.6 MetS—

524/920
“Total 1444

Harmonised criteria

Aim: to explore the
associations between
liver enzymes and the
risk of MetS in older
populations
Conclusion: elevated
liver enzyme levels are
positively associated
with the prevalence of
MetS

Martins et al,, 2021,
Brazil®®

Case-control study

35-65 years

30/30
Total 60

IDF

Aim: to understand

the pathophysiology by
assessing the oxidative
status associated with
inflammatory processes
in patients with MetS in
comparison to controls
Conclusion: AChE, CRP
and AU markers can be
used as a focus for MetS
treatment

Mukhopadhyay et al.,
2019, India*’

Cross-sectional study

18-60 years old

113/292
Total 405

NCEP ATP IIT

Aim: to find out the
prevalence of UA
problems and their
correlation with various
anthropometric and
metabolic parameters
Conclusion: Elevated UA
in subjects with MetS

Nardin et al., 2018,
Ttaly™

Cross-sectional study

68.4+10.4 MetS+
67+11.9 MetS—

2167/2563
Total 4730

IDF

Aim: to evaluate the
relationship between
MetS and mean platelet
volume in a large cohort
of patients undergoing
coronary angiography
Conclusion: MetS is

not an independent
predictor of higher mean
platelet volume

Nejatinamini et al., 2015,
Iran"!

Case-control study

40.6+ 6 MetS+
37+5.5 MetS—

41/60
Total 101

NCEP
ATP 11T

Aim: to examine the
association of SUA
concentrations with
MetS components
Conclusion: people with
Met$S have higher levels
of UA, the association
of UA and MetS
components supports
that it could be an
additional component
of MetS

Nietal,, 2020, China*

Cross-sectional study

454+ 11.7 MetS+
37.9£10.8 MetS—

100/3049
Total 3149

NCEP ATP IIT

Aim: to examine the
association between
SUA and the prevalence
of MetS

Conclusion: UA

levels were associated
with MetS and its
components

Onat et al,, 2016,
Turkey*

Prospective cohort study

48112 Men+
48.5+12 Men—

49+ 12 Women+
45.8+11.6 Women—

253/615 Men
Total 868
293/541 Women
Total 834

NCEP ATP III

Aim: to investigate
different variables

with respect to the
independent predictive
value of MetS risk
Conclusion: elevated
UA levels are a strong
predictor of MetS in
women
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Osadnik et al., 2020,
Poland™

Cross-sectional study

28+ 4.4 MetS+
26.8+4.4 MetS—

70/390
Total 460

Buscemi et al. study
criteria”

Aim: to evaluate the
association between
calcium, phosphorus
and MetS in normal
weight individuals
Conclusion: calcium and.
phosphorus levels are
significantly associated
with MetS

Porchia et al., 2017,
Mexico®

Cross-sectional study

47.2112.5 MetS+
37.1+12.8 MetS—

269/164
“Total 433

Harmonised criteria

Aim: to determine

the interaction of
hyperinsulinaemia and
hyperuricaemia on the
prevalence of MetS
Conclusion: UA and
insulin increase the
prevalence of MetS

Pugliese et al., 2021,

Ttaly*

Prospective cohort study

62+ 13 MetS+
52416 MetS—

5100/4489
Total 9589

NCEP ATP ITT

Aim: to evaluate the
prognostic role of SUA
in patients with MetS
Conclusion: SUA
levels are associated
with an increased

risk of cardiovascular
mortality independently
of the presence of
MetS.A threshold of
cardiovascular SUA
may improve risk
stratification

Rhee et al., 2015, Korea"

Cross-sectional study

24-50 years

90/821
Total 911

NCEP ATP I1I

Aim: to identify the
prevalence of METS and
assess the association
with clinical markers
among male aviators
Conclusion: low
prevalence of MetS
among aviators. Aviators
with high ALT, AU,
white blood cell counts
should be screened for
MetS

Sreckovic et al., 2020,
Serbia™®

Cross-sectional study

46.7 115 Men+
47.7 £16.7 Men—

21/15
Total 36

ATPIIT

Aim: to correlate the
risk factors for METS
and associated factors
(HOMA-IR, CRP, AU,
ALT, GGT) in patients
with and without METS
Conclusion: MetS
patients had higher
values of associated
factors HOMA-IR, CRP,
AU, ALT, GGT

Sumiyoshi et al,, 2019,
Japan™

Retrospective
observational study

50.8+9.5 MetS+
48.849.6 MetS—

899/7963 Men
Total 8862
132/5799 Women
Total 5931

Japan Diagnostic
Criteria

Aim: to examine the
association between
the level of SUA and
incident MetS in a
Japanese population
Conclusion: UA levels
were independently
associated with MetS

Tabak etal,, 2017,
Turkey"’

Case-control study

30-65 years

130/50
Total 180

ATP III

Aim: to investigate
whether there is a
relationship between
circulating irisin, RBP-
4, PTX-3,1L-33 and
adiponectin together
with anthropomorphic
and biochemical
variables involved in the
development of insulin
resistance in MetS
Conclusion: irisin,
RBP-4, adiponectin and
PTX-3 are characteristic
of MetS, which is
related to low-grade
inflammation
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Tao et al., 2020, China*

Case—control study

62.7+7 MetS+
62+7.8 MetS—

455/457 Women
Total 912

NCEP ATP III

Aim: to investigate the
association between UA
and creatine ratio and
MetS in postmenopausal
women

Conclusion: the UA/
creatinine ratio was
significantly higher in
patients with MetS than
in controls

Tayefi et al,, 2017, Iran®®

Cross-sectional study

20

50.05+7.9 MetS+
46.74 1 8.0 MetS—

3211/3367
Total 6578

IDF

Aim: to determine which
of the IDF criteria is
suitable for the Iranian
population to identify
patients with and
without Met$
Conclusion: suggest
that the IDF criteria
are adequate to identify
individuals within the
Iranian population into
those with or without
MetS

Vigna et al,, 2017, Italy®

Cohort study

16-84 years

154/80 Men
Total 234
300/291 Women
Total 591

NCEP ATP 111

Aim: to assess

gender differences in
UA, homocysteine
and inflammatory
biomarkers as
determinants of MetS
Conclusion: UA is
positively related to
Met$ in both sexes

Wang et al. 2019,
China®

Cohort study

21

68.91+7.3 MetS+
69.5+8.3 MetS—

258/999
“Total 1257

Chinese Medical
Association

Aim: to assess the
prevalence of MetS and
its association with
subclinical carotid
atherosclerosis and
cardiovascular morbidity,
and mortality in a
Chinese population
Conclusion: older
adults with Mets have

a significantly higher
risk of subclinical
carotid atherosclerosis,
myocardial

infarction, stroke and
cardiovascular disease
(CVD) death than those
without MetS

‘Wang et al,,2020,
China*

Cross-sectional study

19

68.7 6.5 MetS+
68.3+6.5MetS—

2207/1791
“Total 3998

NCEP ATP 111

Aim: to investigate the
association between SUA
and ALT levels and the
risk of MetS

Conclusion: a combined
increase in SUA and
ALT is significantly more
associated with MetS
than an increase in SUA
or ALT alone

‘Wang et al, 2021,
China®

Case-control study

20

76.4+6.9 MetS+
75.3+7.5 MetS—

100/102
Total 202

Chinese Medical
Association

Aim: to elucidate the
relationships between
MetS, Apolipoprotein

E (ApoE) and cognitive
dysfunction in an elderl;
Chinese population
Conclusion: MetS
diagnosis and ApoE

are independently
associated with cognitive,
dysfunction

Wang, etal., 2018,
China®

Cross-sectional study

69.34+£7.1 MetS+
70.6 6.7 MetS—

161/307
Total 468

Harmonised criteria

Aim: to investigate the
relationship between
UA and MetS in elderly
women

Conclusion: high UA

is positively associated
with the prevalence of
MetS in elderly women
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‘Wu et al., 2018, Taiwan®*

Cohort study

20

35.7+5.7 Men+
32.7+5.8 Men—
36.9+5.9 Women+
32.9+6.4 Women—

2225/20,982 Men
Total 23,207
115/3964 Women
Total 4079

NCEP ATP III

Aim: to explore the
prediction of aerobic
exercise and resistance
training in MetS and
diabetes

Conclusion: poor
performance in aerobic
and endurance exercise
tests may be predictive
of MetS and diabetes

Yang et al., 2021, China™

Case—control study

54.8+12.5 MetS+
45.6+12.7 MetS—

538/5164
Total 5702

Chinese Society of
Diabetes

Aim: to explore the
association between
MetS and biochemical
profiles

Conclusion: cystatin C
levels were significantly
associated with the
incidence of MetS

Yen et al., 2015, Taiwan*

Cohort study

20

76.416.7 MetS+
75.8+7.0 MetS—

31,307/42,240
Total 73,547

ATPIIT

Aim: to assess the
effects of MetS and

its components on
mortality

Conclusion: individual
components of MetS are
better predictors of all-
cause and cause-specific
mortality than MetS as
awhole

Yu et al., 2015, Korea™

Retrospective
longitudinal study

20

51.9+8.2 Men+
51.6+8.3 Men—
52.9+7.6 Women+
48.6+7.2 Women~—

2974/5741 Male
Total 8715
1241/4486 Women
Total 5727

IDF

Aim: to investigate
whether longitudinal
effects of baseline SUA
levels influence incident
MetS while including
body composition as a
confounder in a large
number of subjects
Conclusion: elevated
SUA levels are strong
and independent
predictors of MetS

Yu etal,, 2018, Korea®

Longitudinal study

20

51.8+7.9 Men+
51.7 8.4 Men—
52.4+7.5 Women+
48.6+7.2 Women—

2012/5682 Men
Total 7694
901/4462 Women
Total 5363

IDF

Aim: to investigate the
relationship between
changes in SUA level and,
the development of Met$S
Conclusion: increased
SUA independently
protects against the
development of MetS,
suggesting a possible
antioxidant role in the
pathogenesis of incident
MetS

Zhang et al., 2018,
China®

Cross-sectional study

55.1+9.9 Men+
57.6+9.8 Men—
57.4+8.8 Women+
54.41+9.9 Women-—

1390/4964 Men
Total 6354
3998/6225 Women
Total 10,223

IDF

Aim: to explore the
association between
SUA and MetS in rural
Chinese adults
Conclusion: positive
association between
SUA and prevalence of
MetS in rural Chinese
population

Zomorrodian et al.,
2015, Iran™

Cross-sectional study

50.4+7.9 MetS+
46.848.1 MetS—

2175/4317
Total 6492

NCEP ATP III

Aim: to explore the
association between
Mets and the risk of
developing CKD in 6492
participants with and
without Mets
Conclusion: we
demonstrate a significant
association between
some components of
METS and increased
prevalence of chronic
CKD in the Iranian
population

Table 1. Characteristics of included studies (n=43). STROBE Strengthening the Reporting of Observational
Studies in Epidemiology, MetS metabolic syndrome, Dx diagnosis, IDF International Diabetes Federation,
UA uric acid, hs-CRP high-sensitivity C-reactive protein, NCEP ATP III National Cholesterol Education
Program Adult Treatment Panel III, SUA serum uric acid, DM diabetes mellitus, T2DM type 2 diabetes
mellitus, HOMA-IR Homeostatic Model Assessment of Insulin Resistance, HT hypertension, ALT alanine
aminotransferase, GGT gamma glutamyl transferase, CKD chronic kidney disease.
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Figure 2. Overall risk of bias of the studies.

meta-analysis; therefore, none was excluded. Given the heterogeneity of the included studies, it was decided to
perform subgroup analysis.

Meta-analysis 2. Figure 6, which includes 17 studies, represents the results obtained when analysing the pres-
ence of UA in men with and without MetS. In this case, men with MetS showed a higher mean UA, (0.53 mg/d};
95% CI 0.45 —0.62; p <0.00001; I*=97%). Figure 7 shows that there is a low risk of publication bias.

Meta-analysis 3. Figure 8 compiles the results of 15 studies that examined the association between UA in
women and the presence of MetS. The results show that UA level was associated with the diagnosis of METS
(0.57 mg/dl; 95% CI 0.48-0.66; p <0.00001; I>=97%). This meta-analysis also observed a low risk of publication
bias (Fig. 9).

Quality of evidence. Table 2 shows the evidence profile of the three meta-analyses, providing specific
information regarding the overall certainty of the evidence of the studies included in the comparison, the mag-
nitude of the studies examined and the sum of the data available for the outcomes assessed.

Discussion

A systematic review and meta-analysis were conducted to analyse the most recent evidence on the relationship
between MetS and UA. Forty-three studies were selected, the effect size and the limitations that have conditioned
the results of the different studies were quantified.

Of the included papers, 26 directly associated UA with MetS§?8-30:33:35.36.38:40-46:48-50,56,57,59-61,63.65.6672 and 17
reports collected data indirectly?”-3"323437,3947.51-53.57.586468-70.74 1§ e _they study parameters related to MetS and
collect data associated with UA. These studies had limitations, but overall, all demonstrated a sufficient degree
of methodological reliability and quality in terms of the association of UA and MetS.

This meta-analysis provides evidence of a relationship between UA level and MetS. The concentration of UA
in subjects with MetS was significantly higher than in the control group. The meta-analysis is notable for its large
sample size, with 91,845 subjects in the MetS group and 259,931 in the control group. Given the heterogeneity of
the included studies, it was decided to perform subgroup analysis. The results obtained show that men with MetS
have a higher UA concentration than those without MetS (mean difference (MD): mg/dl 0.53; 95% CI 0.45-0.62;
p <0.00001). This was also observed in women (MD 0.57 mg/dl; 95% CI 0.48-0.66, p <0.00001).

Changes in the UA concentrations in human fluids can reflect the metabolic state, immunity, and other human
body functions. If the concentration of UA in the blood exceeds normal, the human body fluid becomes acidic,
which affects the normal function of human cells, leading to long-term metabolic disease’. UA correlates with
obesity, diabetes mellitus®, hypertension”’, cardiovascular disease” and chronic kidney disease”, where UA acts
as an oxidant, inducing oxidative stress and endothelial dysfunction®.

Previous studies have reported significant associations between hyperuricaemia and individual elements
of the metabolic syndrome®*2, The study by Norvik et al.** showed that elevated UA levels are associated with
components of the MetS, such as hypertriglyceridaemia, insulin resistance, elevated blood pressure and low
high-density lipoprotein cholesterol. Xu et al.** concluded that the relationship between SUA and elevated body
mass index, hypertension and hyperglycaemia varies by sex. Reducing SUA levels by adopting a healthier lifestyle
may be a valuable strategy to reduce the burden of MetS**.

Overall, the results have shown that people with MetS have 8.2% more UA, so reducing UA could positively
impact the development of this syndrome. The results found by several authors*-*" support this. Yuan et al.*>, in a
meta-analysis based on prospective studies of various populations, suggest that for every 1 mg/dl increase in SUA
level, the risk of MetS increases by 30% with a linear dose-response relationship. Liu et al.*® observed a consistent
and linear causality of increased UA on the incidence of MetS, concluding that SUA could be an individualised
predictor in detecting systemic/hepatic metabolic abnormalities. It is estimated that people with high UA are 1.6
times more likely to develop MetS*. Therefore, reducing SUA levels could be a potential treatment to prevent
comprehensive metabolic disorders.
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Figure 3. Summary of risk of bias by study.

At the methodological level, the assessment of risks of bias in studies is a major issue in this type of research,
in line with PRISMA recommendations. Studies with similar methodologies but with discrepancies in quality
may have biased results. Among all the papers included in this review, only ten studies?*3>3%1:42:50:56,63.65.68 haq
performed this step correctly. The quality of the evidence obtained is "very low" since observational studies
have been analysed where there is a high risk of bias and, in addition, they present a very high inconsistency
(heterogeneity).
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SMet + SMet - Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% CI v, d 95% ClI
Ahmadnezhad, 2018 4.9 141 90 4.81 1.03 90 0.8%  0.09[-0.27, 0.45] R
Akboga, 2016 4.7 14 114 44 13 63 0.6%  0.30[-0.11, 0.71] =
Ali, 2020 5.58 1.88 93 5.18 1.79 327 0.6%  0.40 [-0.03, 0.83] )
Chang, 2019 6.45 1.55 409 5.57 1.48 2959 1.8% 0.88[0.72, 1.04] il
Chen Y, 2017 Men 6.89 1.42 2225 6.01 1.24 20982 2.5% 0.88 [0.82, 0.94] %
Cheng, 2017 Men 6.42 1.47 969 5.93 1.25 2595 2.2% 0.49 [0.39, 0.59] e
Cheng, 2017 Women 529 146 1130 44 1.2 2676 2.3% 0.89 [0.79, 0.99] b
Ding, 2018 6.72 1.58 7835 5.72 1.51 55845 2.6% 1.00 [0.96, 1.04] =
Fawzy, 2020 5.41 1.66 90 4.81 1.03 90 0.6% 0.60 [0.20, 1.00] —
He, 2021 Men 5.48 1.26 1339 4.74 1.09 1895 2.4% 0.74 [0.66, 0.82] hd
He, 2021 Women 4.15 1.03 3032 3.48 0.83 3694 2.6% 0.67 [0.62, 0.72] k.
Jeong, 2019 Men 6.16 0.06 790 5.71 0.04 1712 2.7% 0.45 [0.45, 0.45] .
Jeong, 2019 Women 4.8 0.05 809 4.23 0.02 2447 2.7% 0.57[0.57, 0.57] o
Kawada, 2015 Men 6.5 1.26 862 5.8 1.14 4240 2.3% 0.70 [0.61, 0.79] R
Klongthalay, 2020 54 1.4 66 4.8 14 136 0.6% 0.60 [0.19, 1.01] —
Lee, 2016 Men 6.02 1.25 1695 5.73 1.11 5195 2.5% 0.29 [0.22, 0.36] o
Lee, 2016 Women 4.42 0.89 744 4.02 0.82 3979 2.5% 0.40[0.33, 0.47] .
Li, 2016 Men 499 0.67 691 4.83 0.74 1452 2.5% 0.16 [0.10, 0.22] -
Li, 2016 Women 3.94 0.64 1223 3.8 0.66 2207 2.6% 0.14 [0.09, 0.19] ki
Liang, 2020 Men 7.46 1.63 576 6.75 1.41 1949 1.9% 0.71[0.56, 0.86] =
Liang, 2020 Women 5.85 1.22 289 49 1.08 1935 1.9% 0.95 [0.80, 1.10] ==
Liu, 2018 6.26 1.52 524 5.67 1.36 920 1.8% 0.59[0.43, 0.75] —
Martins, 2021 5.65 1.5 30 4.36 0.59 30 0.4% 1.29(0.71, 1.87) .
Mukhopadhyay, 2019 4.7 1.42 113 4.1 1.29 292 1.0% 0.60 [0.30, 0.90] =
Nardin, 2018 6.29 2.35 2167 6.07 3.87 2563 1.6% 0.22 [0.04, 0.40] B
Nejatinamini, 2015 5.87 1.52 41 4.85 1.28 60 0.4% 1.02 [0.45, 1.59]
Ni, 2020 5.67 1.37 1000 4.76 1.28 3049 2.3% 0.91[0.81, 1.01] *
Onat, 2016 Men 6.09 1.29 253 5.62 1.28 615 1.6% 0.47 [0.28, 0.66] s
Onat, 2016 Women 4.92 1.27 293 4.36 1.13 541 1.7% 0.56 [0.39, 0.73] ==
Osadnik, 2020 5.61 1.06 70 4.65 1.07 390 1.1% 0.96 [0.69, 1.23] T
Porchia, 2017 5.42 1.45 269 4.87 14 164 1.1% 0.55[0.27, 0.83] -
Pugliese, 2021 5.7 14 5100 4.8 12 4489 2.6% 0.90 [0.85, 0.95] =
Rhee, 2015 Men 6.79 1.16 90 5.98 1.19 821 1.2% 0.81[0.56, 1.06] -
Sreckovic, 2020 Men 6.04 1.44 21 5.17 131 15 0.2%  0.87[-0.03, 1.77] e
Sumiyoshi, 2019 Men 63 1.2 899 59 1.2 7963 2.4% 0.40[0.32, 0.48] e
Sumiyoshi, 2019 Women 51 1.2 132 43 0.9 5799 1.5% 0.80 [0.59, 1.01] L
Tabak, 2017 5.35 1.57 50 3.94 1 130 0.5% 1.41[0.94, 1.88] —
Tao, 2020 Women 5.26 1.29 455 4.76 1.16 457 1.8% 0.50 [0.34, 0.66] =
Tayefi, 2017 4.99 142 3211 4.6 1.35 3367 2.5% 0.39[0.32, 0.46] =
Vigna, 2017 Men 6.4 14 154 6 13 80 0.8% 0.40 [0.04, 0.76] T
Vigna, 2017 Women 51 13 300 4.7 11 291 1.5% 0.40 [0.21, 0.59] .
Wang, 2018 Women 5.72 1.49 161 5.03 1.28 307 1.1% 0.69 [0.42, 0.96] T
Wang, 2019 6.35 1.68 258 5.76 1.58 999 1.3% 0.59 [0.36, 0.82] =
Wang, 2020 5.46 1.46 2207 5.09 1.42 1791 2.3% 0.37[0.28, 0.46] e
Wang, 2021 5.48 1.51 100 5.51 1.55 102 0.6% -0.03 [-0.45, 0.39] —
Wu, 2018 Men 6.96 1.4 2225 6.27 1.11 20982 2.5% 0.69 [0.63, 0.75] *
Wu, 2018 Women 5.5 1.12 115 4.59 0.88 3965 1.5% 0.91[0.70, 1.12] -
Yang, 2021 6.47 1.47 538 5.83 1.58 5164 2.0% 0.64 [0.51, 0.77] ==
Yen, 2015 6.3 4 31307 5.7 1.7 42240 2.6% 0.60 [0.55, 0.65] i
Yu, 2015 Men 6.1 1.2 2974 57 141 5741 2.6% 0.40 [0.35, 0.45] =
Yu, 2015 Women 44 0.9 1241 4 08 4486 2.5% 0.40 [0.34, 0.46] w
Yu, 2018 Men 6 1.2 2012 5.7 11 5682 2.5% 0.30[0.24, 0.36] o
Yu, 2018 Women 44 09 901 4 0.8 4462 2.5% 0.40 [0.34, 0.46] b
Zhang, 2018 Men 5.67 1.44 1390 5.01 1.21 4964 2.4% 0.66 [0.58, 0.74] il
Zhang, 2018 Women 4.47 1.07 3998 3.96 0.95 6225 2.6% 0.51[0.47, 0.55] *
Zomorrodian, 2015 4.9 145 2175 4.5 1.58 4317 2.4% 0.40[0.32, 0.48] =
Total (95% CI) 91845 259931 100.0% 0.57 [0.54, 0.61] []
Heterogeneity: Tau? = 0.01; Chi? = 3619.10, df = 55 (P < 0.00001); I* = 98% _42 _41 t 2

N 0 1
Test for overall effect: Z = 30.52 (P < 0.00001) Favours [experimental] Favours [control]

Figure 4. Results and summary statistics of studies analysing uric acid levels in the total population with and
without metabolic syndrome (MetS) (meta-analysis 1).

One of the main strengths of this review is the comprehensive search that covered a wide geographical area.
In addition, a large sample size of subjects with and without MetS was included, which strengthened the study’s
statistical power.

The interpretation of the findings in this systematic review and meta-analysis must be made considering
some limitations. First, most of the studies are from China, making it difficult to generalise the results to other
countries. Author bias should also be a limitation since the same research team wrote several studies. Finally,
it should be noted that there is still a lack of uniformly accepted diagnostic criteria for the diagnosis of MetS.

Conclusions
Current diagnostic criteria for MetS vary, although there is a consensus on the main components of the syndrome.
None of these criteria includes UA levels in the definition of MetS.
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Figure 5. Funnel plot (meta-analysis 1).

MD

SMet + SMet - Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% ClI v, ds 95% ClI
ChenY, 2017 Men 6.89 1.42 2225 6.01 1.24 20982 6.8% 0.88 [0.82, 0.94] -
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Rhee, 2015 Men 6.79 1.16 90 5.98 1.19 821 4.4% 0.81 [0.56, 1.06] il
Sreckovic, 2020 Men 6.04 1.44 21 5.17 131 15 0.8% 0.87[-0.03, 1.77] T
Sumiyoshi, 2019 Men 63 1.2 899 5.9 1.2 7963 6.6% 0.40 [0.32, 0.48] B
Vigna, 2017 Men 6.4 1.4 154 6 1.3 80 3.1% 0.40 [0.04, 0.76] R
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Figure 6. Results and summary statistics of studies analysing uric acid levels in men with and without
metabolic syndrome (MetS) (meta-analysis 2).
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Figure 7. Funnet plot (meta-analysis 2).
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Jeong, 2019 Women 4.8 0.05 809 4.23 0.02 2447 7.8% 0.57[0.57,0.57] .
Lee, 2016 Women 4.42 0.89 744 4.02 0.82 3979 7.4% 0.40 [0.33, 0.47] -
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Onat, 2016 Women 4.92 1.27 293 436 1.13 541 6.0% 0.56 [0.39, 0.73] = B
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Vigna, 2017 Women 51 I3 300 4.7 11 291 5.7% 0.40 [0.21, 0.59] -
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Figure 8. Results and summary statistics of studies analysing uric acid levels in women with and without
metabolic syndrome (MetS) (meta-analysis 3).
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Figure 9. Funnet plot (meta-analysis 3).
Meta-analysis 1
g‘lﬁie;:atioml ‘ Very serious Tt is not serious | It is not serious ‘ g':sdei;:sp Onse | 91,845 ‘ 259,931 | 0,57 (0.54-0.61) 31?),%9
Meta-analysis 2
Obs?rYntionnl Very serious It is not serious | It is not serious Dose'—resp onse) 19,165 86,883 0.53 (0.45-0.62) @OOO
studies gradient Very low
Meta-analysis 3
Obs‘ervali(mal Very serious It is not serious | It is not serious Dose_-response 14,823 | 43471 0.57 (0.48-0.66) eO000
studies gradient Very low

Table 2. Evidence profile with GRADE pro for the three meta-analyses. MetS metabolic syndrome, CI
confidence interval.

The results have shown that UA levels are associated with the presence of MetS. In particular, subjects with
MetS have been found to have higher plasma UA. The assessment of UA concentration could provide a new
avenue for early diagnosis, identifying new biomarkers, and discovering new therapeutic targets.

A detailed understanding of the components of MetS is essential for the development of effective prevention
strategies and appropriate intervention tools, which could curb its increasing prevalence and limit its comorbidity.
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However, well-designed, high-quality randomised controlled trials are needed to confirm these findings.

Data availability

All

data generated or analysed during this study are included in this published article [and its supplementary

information files].
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Abstract

Background Metabolic syndrome (MetS) is a group of metabolic abnormalities characterised by hypertension,
central obesity, dyslipidaemia and dysregulation of blood glucose, associated with the risk of diabetes, cardiovascular
disease and overall mortality. The presence of elevated liver enzymes may precede the development of MetS, with
alterations of the liver being observed that are directly related to metabolic problems. The study aims to provide the
best evidence on the association between liver enzymes (ALT, AST, GGT) and MetS by determining the effect size of
these biomarkers.

Methods A systematic review and meta-analysis of studies indexed in PubMed and Scopus databases were
performed. Study quality was assessed using the STROBE tool. The Grade Pro tool was used to evaluate the evidence,
and the quantitative synthesis was performed using RevMan (Cochrane Collaboration).

Results Seventeen articles comparing liver enzyme concentrations between 76,686 with MetS (MetS+) and 201,855
without MetS (MetS-) subjects were included. The concentration of ALT, AST and GGT in the MetS +subjects was
significantly higher than in the control group 7.13 IU/L (CI95% 5.73-8.54; p < 0.00001; I>=96%), 2.68 IU/L (CI95%
1.82-3.54; p<0.00001; [?=96%) and 11.20 IU/L (CI95% 7.11-15.29; p<0.00001; 1> =9609%), respectively.

Conclusions The evaluation of the relationship of liver enzymes in the pathophysiological process of MetS could
lead to new insights into early diagnosis.

Keywords Metabolic syndrome, Alanine transaminase, Aspartate aminotransferase, Gamma-glutamyltransferase,
Biologic marker

Background

Metabolic syndrome (MetS) encompasses several cardio-
vascular risk factors, including insulin resistance, athero-
genic dyslipidaemia, central obesity and hypertension [1].
It is a multifactorial non-communicable disease that sig-
nificantly contributes to morbidity and mortality and is
considered a public health burden worldwide [2].

;C?"Tifl’olf‘derl_‘m In addition to increasing the risk of cardiovascular dis-
pgza;omc:gféogue ease (CVD), MetS and its risk factors, including obesity
"Faculty of Medicine and Nursing, University of Cérdoba, Avd. Menéndez and diabetes mellitus (DM), are associated with liver
Pidal N/N, Cordoba 14004, Spain disease. Liver function is essential for glucose and fatty
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Research Institute of Cordoba (IMIBIC), Cérdoba, Spain acid metabolism. Fiepatic glucose homeostasis intluences
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insulin sensitivity, while peripheral insulin resistance
and lipolysis contribute to fat accumulation in the liver
(hepatic steatosis) [3].

In this regard, MetS has a direct relationship with non-
alcoholic fatty liver disease (NAFLD) [4], both being pre-
dictors of the development of fibrosis and hepatocellular
carcinogenesis [5].

NAFLD affects approximately 25% of the world’s popu-
lation and is a leading cause of cirrhosis, hepatocellular
carcinoma and liver transplantation [6]. This disorder,
characterised by lipid deposition in hepatocytes, encom-
passes a group of liver diseases that resemble alcoholic
liver disease, ranging from simple steatosis to steatohepa-
titis and cirrhosis [7]. These liver diseases have become
the leading causes of liver-related morbidity and mor-
tality and a risk factor for DM, chronic kidney disease,
hypertension, MetS and CVD [8].

In this context, early liver impairment detection
would help prevent or diagnose other metabolic disor-
ders. According to recent studies, liver function tests,
including serum alanine transaminase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP) and
gamma-glutamyltransferase (GGT), can be valuable
parameters in the assessment of metabolic status, espe-
cially in the investigation of cardio-metabolic disorders
[9]. Specifically, several authors have explored the asso-
ciations between liver enzymes, MetS, and CVD in dif-
ferent populations [10, 11]. In this regard, elevated ALT
levels have been shown to help predict CVD in prospec-
tive studies [12, 13], and MetS and its components [14].
Although GGT is considered an indicator of the degree
of liver disease and alcohol consumption, several studies
have shown that the level of this enzyme is also associated
with diabetes, hypertension and cardiovascular mortality
independently of liver damage or alcohol consumption
[15, 16]. One of the advantages of these parameters is
that they are commonly measured in liver function tests
and are well-known markers of liver damage [17].

Therefore, this possible relationship between serum
liver enzymes and MetS has recently attracted much
attention. Therefore, the main objective of the systematic
review and meta-analysis is to provide the best degree
of evidence on the association between liver enzymes
(ALT, AST, GGT) and MetS, determining the effect size
of these biomarkers.

Methods

Search strategy and eligibility criteria

This systematic review and meta-analysis were con-
ducted according to the criteria established by the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [18] (Supplementary file). The
search was carried out in the PubMed and Scopus data-
bases. The search strategy was developed by combining
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the following Medical Subject Headings (MeSH) descrip-
tors: (“aspartate aminotransferase” OR “alanine amino-
transferase” OR “gamma-glutamyltransferase”) AND
(“metabolic syndrome”) (Supplementary file). In addi-
tion, we included cross-sectional and longitudinal studies
published between January 2017 and July 2022 that inves-
tigated the association between liver enzymes (ALT, AST,
GGT) and MetS. In addition, the results had to include
the mean and standard deviation. Only papers written in
English and Spanish, and those that collected data from
subjects over 18 years of age, were considered. The sys-
tematic review was registered in PROSPERO with ID
CRD42023366810.

Selection of papers

Two researchers (E.R.C and M.R.S) reviewed titles,
abstracts and full texts. In addition, three researchers
independently extracted data for studies that met the
inclusion criteria (R.J.M, R.M.L. and G.M.R.). Finally, a
fourth author (M.\V.A.) acted as a judge in case of discrep-
ancy. After sensitivity analysis, two articles [19, 20] were
eliminated from the qualitative synthesis due to the het-
erogeneity of the reported data.

Data extraction

One researcher (E.R.C.) was responsible for extracting
the data verified by a second researcher (R.J.M.). A third
researcher (M.R.S.) resolved the disagreement in case of a
tie. Cohen’s Kappa index was used to assess the degree of
agreement. The following data were extracted from each
study: citation, details of the study population (including
age and sex), study design, follow-up period, sample size,
and mean and standard deviation of ALT, AST, and GGT
in those subjects with Metabolic Syndrome (MetS+) and
without Metabolic Syndrome (MetS-). In addition, for
articles collecting ALT, AST and GGT data, the mean
and standard deviation were extracted.

Evaluation of the qualitative synthesis

The evaluation of the qualitative synthesis was carried
out through a triple analysis, and four authors were
responsible (R.M.L., R.J.M., E.R.C. and GMR):

a) Assessment of methodological quality. The
STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) statement
[21] was used for observational studies.

b) Risk of bias assessment. Using the Cochrane
Collaboration tool [22] included in the REVMAN
5.4.2 software, the risks of selection, conduct,
detection, attrition and reporting were analysed.

c) Assessment of the quality of evidence. With the help
of the Grade Pro tool, the evidence profile table was
developed, establishing the following levels [23]:
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« High: high confidence in the match between the
actual and estimated effect.

+ Moderate: Moderate confidence in the effect
estimate. There is a possibility that the actual
effect is far from the estimated effect.

+ Low: limited confidence in the estimate of the
effect. The actual effect may be far from the
estimated effect.

+ Very low: low confidence in the estimated
effect. The actual effect is very likely to be
different from the estimated effect.

Statistical analysis (evaluation of quantitative synthesis or
meta-analysis)

The Cochrane Review Manager software (RevMan
5.4.2) was used for the meta-analysis to perform the
statistical calculation and create the forest and fun-
nel plots. Due to the difference in effect size of the
included studies, a meta-analysis was performed using
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the Mantel-Haenszel random-effects method accord-
ing to the DerSimonian and Laird model. The differ-
ence between arithmetic means with a 95% confidence
interval was used to measure effect size. Liver enzyme
counts were considered in IU/L. The risk of publica-
tion bias was assessed using the funnel plot. Hetero-
geneity was analysed using the Chi-square test and the
inconsistency index (I?). According to the Cochrane
Collaboration tool, heterogeneity was classified as fol-
lows: unimportant (0-40%), moderate (30-60%), sub-
stantial (50-90%) and considerable (75-100%).

Results
Characteristics of the studies
The search yielded 2,687 records, of which 205 were
identified for full-text review (Fig. 1).

Of these, 17 met the inclusion criteria and were
selected for systematic review and meta-analysis.
Cohen’s Kappa clinical concordance index between

Identification of studies via databases and registers

Identification

Databases
(n=2687)

Records identified from:

Records removed before screening:
Duplicate (n=504)
Records marked as ineligible by
automation tools (k=0)
Records removed for
reasons (n=2183)

other

v

Records screened
(n=205)

» Records excluded (n=67)

.

Screening

(n=138)

Reports sought for retrieval

Reports not retrieved (n=106)

A 4

v

(n=32)

Reports assessed for eligibility

» Reports excluded:
Reason 1 (n=7)

v

Reason 2 (n=5)
Reason 3 (n=3)

Included

(0=17)

Studies included in review

Fig.1 PRISMA flow chart
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the two authors (E.R.C and M.R.S.) who conducted the
search was 82.8% (95% CI 70.3-95.3).

The detailed characteristics of the selected studies
are shown in Table 1.

In total, 17 articles compared liver enzyme concen-
trations between 76,686 MetS+and 201,855 MetS-
subjects. The age of the participants ranged from
22 to 78 years. Most papers (82.35%) [25, 26, 29-40]
included participants of both sexes but analysed the
data globally; 3 studies (17.65%) [24, 27, 28] collected
data from men and women separately. Concerning ori-
gin, 5 articles were developed in China [27, 31, 37, 38,
40], 5 in Japan [26, 32, 34, 35, 37], three articles in Tai-
wan [25, 30, 39], 1 in Italy [24], 1 in Poland [33], Korea
[28] and Iran [29]. Data were extracted from 17 reports
from ALT [24-40], 15 studies from AST [25, 26, 28—
40], and five from GGT [25, 26, 29, 31, 32].

In seven of the manuscripts [24, 26, 27, 34, 35, 38,
39], MetS was defined according to the criteria of the
third report of the National Cholesterol Education
Program (NCEP - ATP III) [41]; 5 studies [28-31, 37]
assessed MetS using the harmonised criteria [42]; 2
papers [25, 32] using the International Diabetes Fed-
eration (IDF) definition [43]; and one article [40] used
the Chinese diabetes Society criteria [44]. Finally,
Sumiyoshi et al. [36] used the Japanese standards [45]
and Osadnik [33], those defined by Buscemi et al. [46].

Methodological quality assessment

According to the STROBE reporting guidelines [21],
all reports scored 18 points or more out of the 22 items
included (highest tercile). No articles were excluded
for poor methodological quality. The score for each of
the papers is shown in Table 1.

Random sequence generation (selection bias)
Allocation concealment (selection bias) _
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
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Bias risk analysis

Overall (Fig. 2), it can be seen that the main biases
were: random sequential generation, concealment of
allocation and blinding of outcome evaluation (related
to participants and staff). Figure 3 represents the indi-
vidual assessment of the included studies.

Quantitative analysis. Meta-analysis

Figure 4 includes the results for both sexes from the
17 reviewed papers. MetS+subjects showed a higher
mean ALT, with the difference reaching 7.13 IU/L (95%
CI 5.73-8.54); compared to MetS- subjects. Further-
more, this analysis had a low risk of publication bias
(Fig. 5). On the other hand, MetS+subjects showed
a higher mean AST, namely, the mean difference was
2.68 IU/L (95% CI 1.82-3.54); compared to MetS- sub-
jects (Fig. 6). Concerning GGT (Fig. 7), the mean dif-
ference reached 11.20 IU/L (95% CI 7.11-15.26), being
higher among MetS +subjects. All results showed con-
siderable heterogeneity (>95%). Annex I shows a low
risk of publication bias in the AST and GGT analysis.

Quality of evidence

Using the Grade Pro tool, the quality of the evidence in
this meta-analysis was assessed, and a very low degree
of certainty was obtained due to the high inconsistency
and risk of bias in the included studies (Table 2).

Discussion

This systematic review with meta-analysis was con-
ducted to analyse the most recent evidence on the rela-
tionship between MetS and liver enzymes (ALT, AST
and GGT). Seventeen articles were selected in which
the effect size was quantified and the limitations that
have conditioned the results of the different studies.

Other bias | |

0% 25% 50% 75%  100%

Bl Low risk of bias

D Unclear risk of bias

[l High risk of bias

Fig.2 The overall risk of bias in the studies
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(2023) 15:220

Page 5 of 12

Author, Study  STROBE(21) Age of No. Of subjects MetS Results
year, design Reporting participants MetS+/MetS- crite-
country Guidelines ria
Cheng,et  Cross 18 Men Men NCEP  ALT values were significantly higher in MetS + participants.
al, 2017,  sec- MetS+56.57+16.25 969/2595 ATP Men Women
Italy [24].  tional MetS- 47.88+1845 Total 3564 Il MetS +33.89+23.55 (ALT) MetS+24.92+5829
study Women Women MetS- 293+32.27 (ALT) (ALT)
MetS+56.61+17.58 1130/2676 MetS 2045 + 19.43
MetS-44.57+1836 Total 3806 (ALT)
ChengYL, Cohort 18 MetS+563+125  8564/21,233 IDF Subjects with MetS +have higher ALT, AST and GGT levels
etal,2017. study MetS- 50.6+132 Total 29,797 compared to subjects without MetS-.
Taiwan[25] MetS +35.1+29.1 (ALT) MetS+34.2+50.9
MetS-23.8+17.6 (ALT) (GGT)
MetS-21+284
(GGT)
Choj, etal, Cross 21 Men Men NCEP  ALT, AST, and GGT were significantly higher in middle-aged
2017. sec- MetS+49.5+65 251/474 ATP  men with MetS +than in those without MetS-.
Japan [26] tional MetS- 48.8+6.1 Total 725 Il MetS +37.5+225 (ALT) MetS +58.3+48.1
study MetS- 27.6+17.7 (ALT) (GGT)
MetS-40.8+49.2
(GGT)
Huang,et  Cross 18 Men Men NCEP  Subjectswith elevated ALT levels are at increased risk of
al, 2018. sec- MetS+45.2+94 43176 ATP  MetS. ALT may be significantly associated with the presence
China[27] tional MetS-4214+110  Total 219 1l of MetS.
study Women Women Men Women
Met5+48.5+133  18/196 MetS+27.7+7.5 (ALT) MetS+22.3+9.5 (ALT)
MetS-41.9£109  Total 214 MetS- 244+8.9 (ALT) MetS- 17.4+7.6 (ALT)
Kim,etal,  Cross 19 Men Men Har-  Elevated ALT and AST levels in MetS +subjects.
2022,Korea sec- MetS+68.5+6.1 583/1106 mon-  Men Women
[28]. tional MetS- 69.5+6.3 Total 1689 ised  MetS+25.8+15.3 (ALT) MetS+212+123
study Women Women crite- - MetS- 20.1+10.3 (ALT) (ALT)
Met5+69.3+6.1 1299/1493 fMa  MetS+252+124 (AST) MetS-179+11.3 (ALT)
MetS- 68864 Total 2792 MetS- 233£7.7 (AST) MetS+233+92
(AST)
MetS-22.5+83 (AST)
Kohsariet  Cross 18 Age of participants  Men Har-  Significant association between elevated ALT, AST, GGT and
al, 2021,  sec- 473+41 1329/3397 mon-  ALP levels and increased risk of MetS.
Iran[29].  tional Total 4730 ised  MetS+276+27.1  MetS+218+85 MetS+289+222
study Women crite-  (ALT) (AST) (GGT)
1936/3141 Ma  MetS-235+139  MetS-212+89  MetS-224+182
Total 5092 (ALT) (AST) (GGT)
Kuoetal, Cross 19 MetS+61.0+11.0  54,361/125998  Har-  Subjectswith MetS+had higher ALT and AST levels.
2018, Tal-  sec- MetS —575+11.6  Total 180,359 mon-  MetS+33.1+25.0 (ALT) MetS+286+158
wan[30].  tional ised  Mets- 246+19.1 (ALT) (AST)
study crite- MetS- 25.1£12.1(AST)
ria
Liyetal,  Cross 19 MetS+69.58+7.01  524/920 Har-  Elevated ALT, GGT and ALP levels are positively associated
2018.China sec- MetS-70.04+765  Total 1444 mon- with the prevalence of MetS in the elderly population.
(31 tional ised  MetS+2698+1551 (ALT) MetS +29.80+19.54
study crite-  MetS- 22.01 +12.58 (ALT) (GGT)
ria MetS-2342+1893
(GGT)
Mitsuhashi Cohort 18 MetS+50.1+£9.3 698/13,266 IDF  Higher AST, ALT and GGTP values in non-fatty liver MetS
etal, 2017, study MetS- 445+9.4 Total 13,964 subjects.
Japan [32] MetS+232+12.7 (ALT) MetS+34.6+40.0
MetS-17.5+11.4(ALT) (GGTP)
MetS-193+19.0
(GGTP)
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Author, Study  STROBE(21) Age of No. Of subjects MetS Results
year, design Reporting participants MetS+/MetS- crite-
country Guidelines ria
Osadniket Cross 19 MetS+28.07+448 70/390 Bus-  MetS+subjects had increased activity of liver enzymes ALT,
al, 2020, sec- MetS- 26.86+449  Total 460 cemi  ASTand GGTP.
Poland.  tional etal  MetS+3061+2697 MetS+3627+3878
[33] study (46)  (ALT) (GGTP)
MetS- 18.74 £16.01 MetS- 1656 £9.65
(ALT) (GGTP)
Sakaneet  Cluster 20 MetS+49.4+6.7 490/844 NCEP  MetS +group has elevated AST and ALT levels compared to
al, 2020, ran- MetS-484+7.9 Total 1334 ATP  the MetS- group.
Japan [34].  domised i MetS+27.9+11.4 (AST) MetS+37.2+220
con- MetS- 23.4+13.8(AST) (ALT)
trolled MetS- 25+15.8 (ALT)
trial
Sobageet  Cross 20 MetS+51.2+9.7 418/2246 NCEP  ALT, AST, GGT and the prevalence of NAFLD were significantly
al, 2020, sec- MetS-554+7.2 Total 2664 ATP  higherin the MetS+group.
Japan [35].  tional I MetS+37.0+253 (ALT) MetS+48.0+37.5
study MetS-193+114(ALT) (GGTP)
MetS-26.2+27.0
(GGTP)
Sumiyoshi  Retro- 19 MetS+50.8+9.5 1031/13,762 Japan Higher ALT and AST levels are observed in the MetS+group.
etal,2018, spect. MetS-488+9.6 Total 14,793 Diag- MetS+32+22 (ALT) MetS+25+ 12 (AST)
Japan [36].  obser- oS- MetS-21+15(ALT) MetS- 21+9 (AST)
vational tic
study crite-
ria
Wang,et  Cross 19 MetS+69.34+7.11  161/307 Har-  Significantly higher ALT levels in the MetS +group.
al, 2018, sec- MetS-706+6.76  Total 468 MO~ MetS+24.77+ 14,58 (ALT) MetS +24.62 +14.58
China[37]. tional nized MetS- 21.64 +14.17 (ALT) (AST)
study crite- MetS- 24.19+8.80
ria (AST)
Wang,et  Cross 19 MetS 68.79+653  2207/1791 NCEP  The combined increase in serum uric acid (SUA) and alanine
al, 2020, sec- MetS- 68.34+658  Total 3998 ATP  aminotransferase (ALT) were significantly correlated with
China[38]. tional 1l MetS and its components.
study MetS+22.32+1839 (ALT) MetS+23.18 £1431
MetS- 18.27 £13.52 (ALT) (AST)
MetS-22.08+10.98
(AST)
Wuetal, Prospec- 20 MetS+42.88+896 66/680 NCEP Higher ALT and AST levels are associated with an elevated risk
2021, Tal-  tive MetS-3797+90  Total 746 ATP  of MetS+.
wan[39].  Cohort [l MetS+31.77+23.77 (ALT) MetS+22.92+12.09
study MetS- 20.58 +24.07 (ALT) (AST)
MetS- 1949+12.52
(AST)
Yang, et Case- 18 MetS+54.89+1253 538/5164 Chi-  Higher ALT, AST levels in MetS +subjects.
al, 2021. control MetS- 456741273 Total 5702 nese  MetS- 30.19+19.87 (ALT) MetS +25.65 +10.82
China[40]  study soc-  MetS- 25.38 £20.74 (ALT) (AST)
ety of MetS- 2337+1142
Dia- (AST)
betes

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; IDF, International
Diabetes Federation; MetS, metabolic syndrome; NAFLD, Non-alcoholic fatty liver disease; NCEP ATP I, National Cholesterol Education Program Adult Treatment
Panel lll; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; SUA, serum uricacid

All demonstrated sufficient reliability and method-
ological quality regarding the association between
ALT, AST, GGT and MetS.

The present meta-analysis has shown the relation-
ship between the levels of different liver enzymes

studied and MetS. The concentration of the liver
enzymes studied in the 76,686 MetS +subjects was sig-
nificantly higher than in the group of 201,855 controls
(MetS-).
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cheng,2017Men | @ (@ | @ | @ | ® | ®
Cheng, 2017 Women . . . ‘ . .

chengYL, 2017 | @ | @ | @ | @ | @ | ® | 2

choi,2017 | @ | @ @ @ & @
Huang, 2018 Men . . ‘ . . ‘ ?

Huang, 2018 Women ‘ . . . ‘ . ?

kim,2022Men | @ | @ | @ | @ | ® | @ | 2
kim, 2022 Women | @ | @ | @ | @ | ® | @ | 2

Kohsari,2021 | @ | @ | @ | ® [ ® (@ | 2

Kuwo,2013 | @ | @ | @ | @ | @ | ®| 2
Liw21e | @ | @ @ @ ® | ®| 2
Mitsuhashi, 2017 | @) | @ | @ | @ | ® @ | 2

osadnik, 2020 | @ | @ | @ | @ | ® | ®

Sakane, 2020 . . . ‘ . .
Sobage, 2020 | @ | @ | @ | @ | ® | @ | 2
sumiyoshi, 2018 | @ | @ | @ | @ | @ | ® | 2

wang,2018 | @ | @ | @ | @ | ® | ®| 2
wang,2020 | @ | @ | @ | @ | ® | S| 2

wu2021 | @ @ O @ & ®| 2
vang,2021 | @ | @ @ | @ | ® | @®| 2

Fig.3 Summary of risk of bias by study
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MetS + MetS - Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD__ Total Weight IV, Random, 95% CI IV, Random, 95% CI

Cheng, 2017 Men 3389 2355 969 293 3227 2595  53% 4,59 (2,66, 6,52] s

Cheng, 2017 Women 24,92 5829 1130 2045 1943 2676 4,3% 4,47 (0,99, 7,95] I

Cheng YL, 2017 351 291 8564 238 176 21233 58% 11,30(10,64, 11,96] m

Choi, 2017 375 228 2561 2768 177 474 4,5% 9,90 [6,69, 13,11] -

Huang, 2018 Men 27,7 75 43 244 8,9 176 4,9% 3,30 (0,70, 5,90] -

Huang, 2018 Women 223 95 18 174 76 196 3,7% 4,90 (0,38, 9,42] =

Kim, 2022 Men 258 153 583 201 103 1106 5,6% 5,70 [4,32, 7,08] i

Kim, 2022 Women 21,2 123 1299 179 113 1493 5.8% 3,30 [2,42, 4,18] =

Kohsari, 2021 276 271 3265 235 139 6538 57% 4,10 [3,11, 5,09] =

Kuo, 2018 331 25 54361 246 19,1 125098 59% 8,50 [8,26, 8,74] y

Liu, 2018 26,98 15,51 524 22,01 12,58 920 55% 4,97 [3,41, 6,53] -

Mitsuhashi, 2017 232 127 698 175 114 13266 5,7% 5,70 [4,74, 6,66) 22

Osadnik, 2020 30,61 26,97 70 18,74 16,01 390 26% 11,87[536, 18,38] —l.

Sakane, 2020 37,2 22 490 25 158 844  51% 12,20 [9,98, 14 42] -

Sobage, 2020 37 253 418 193 114 2246 50% 17,70 (15,23, 20,17] ——

Sumiyoshi, 2018 32 22 1031 21 15 13762 5,6% 11,00 [9,63, 12,37] 6 3

Wang, 2018 2477 1458 161 21,64 1417 307 4,8% 3,13 (0,38, 5,88] = ==

Wang, 2020 2232 18,39 2207 1827 13,52 1791 5,7% 4,05 3,086, 5,04] -

Wu, 2021 31,77 23,77 66 20,58 24,07 680 28% 11,19(5,18, 17,20] .

Yang, 2021 30,19 19,87 538 2538 20,74 5164 54% 4,81 (3,04, 6,58] ==

Total (95% Cl) 76686 201855 100,0% 7,13 (5,73, 8,54] >

Heterogeneity: Tau? = 8,70; Chi® = 540,33, df = 19 (P < 0.00001); |* = 96% _2?0 3 140 150 P

Test for overall effect: Z = 9,95 (P < 0.00001)

0
MetS - MetS +

Fig.4 Results and summary statistics of studies analysing ALT levels in the total population with and without metabolic syndrome (MetS)
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Fig.5 Publication bias ALT (Funnel plot)

The presence of elevated liver enzymes may precede
the development of MetS, with alterations of the liver
being observed that are directly related to metabolic
problems, such as NAFLD. Recently, it was consid-
ered a manifestation of metabolic diseases. However,
it has been suggested that NAFLD temporarily pre-
cedes DM and that hepatic steatosis may cause insulin
resistance [47] and may be an early sign of the devel-
opment of metabolic diseases [48]. In addition, when

fat is deposited in insulin-sensitive organs such as the
liver, muscle and visceral compartments, free fatty
acids and inflammatory cytokines increase while adi-
ponectin levels decrease [49, 50]. These changes can
lead to peripheral insulin resistance, early atherogen-
esis, impaired glucose metabolism and MetS [51, 52].
Previous studies have reported that NAFLD pre-
dates MetS components such as impaired fasting glu-
cose and hypertension [53-55]. The study in young

59



Raya-Cano et al. Diabetology & Metabolic Syndrome (2023) 15:220

Page 9 of 12

MetS + MetS - Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD__ Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Cheng YL, 2017 26 182 8564 219 103 21233 76% 4,10 (3,69, 4,51] .
Choi, 2017 306 124 2561 274 13 474 56% 3,20 (1,27, 5,13] =
Kim, 2022 Men 252 124 583 233 v 1106 6,8% 1,90 [0,80, 3,00] B
Kim, 2022 Women 233 92 1209 225 83 1493 74% 0,80 [0,15, 1,45] I
Kohsari, 2021 218 85 32656 212 89 6538 76% 0,60 [0,24, 0,96] a
Kuo, 2018 286 158 54361 251 12,1 125998 7,7% 3,50 [3,35, 3,65] .
Liu, 2018 2337 885 524 2325 866 920 71% 0,12[-0,82, 1,06] r
Mitsuhashi, 2017 20,7 1 698 178 8 13266 7.2% 2,90 (2,07, 3,73) .
Osadnik, 2020 31,06 54,85 70 2058 97 390 04% 10,48 [-2,41,23,37] &y
Sakane, 2020 279 114 490 234 138 844  64% 4,50 [3,13, 5,87] -
Sobage, 2020 296 151 418 223 66 2246 63% 7,30 [5,83, 8,77] i
Sumiyoshi, 2018 25 121031 21 9 13762 7.3% 4,00 [3,25, 4,75] =
Wang, 2018 2462 1458 161 2419 88 307 47% 0,43 [-2,03, 2,89] e
Wang, 2020 23,18 14,31 2207 22,08 1098 1791  7.2% 1,10 (0,32, 1,88] "
Wu, 2021 2292 12,09 66 19,49 12,52 680 3,9% 3,43 (0,37, 6,49] P
Yang, 2021 2565 10,82 538 23,37 20,74 5164 6,9% 2,28 [1,20, 3,36] >
Total (95% CI) 74526 196212  100,0% 2,68 [1,82, 3,54] (]

ity e - Chi2 = = - 12 = 98Y + + + +
Heterogeneity: Tau® = 2,50; Chi* = 396,46, df = 15 (P < 0.00001); I* = 96% 20 0 0 10 20

Test for overall effect: Z = 6,11 (P < 0.00001)

MetS - MetS +

Fig.6 Results and summary statistics of studies analysing AST levels in the total population with and without metabalic syndrome (MetS)

MetS + MetS - Mean Difference Mean Difference
Study or Subgroup  Mean SD _Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cheng YL, 2017 342 509 8564 21 284 21233 22,4% 13,20 [12,06, 14,34] *
Choi, 2017 58,3 48,1 251 408 49,2 474 13,0% 17,50 [10,08, 24,92] _—
Kohsari, 2021 289 222 3265 224 182 6538 226% 6,50 [5.,62, 7,38] -
Liu, 2018 298 19,54 524 23,42 18,93 920 21,6% 6,38 [4,31, 8,45] -
Mitsuhashi, 2017 346 40 698 193 19 13266 20,4% 15,30[12,32, 18,28] =
Total (95% ClI) 13302 42431 100,0% 11,20 [7,11, 15,29]

Heterogeneity: Tau? = 19,08; Chi* = 111,01, df = 4 (P < 0.00001); I* = 96%
Test for overall effect: Z = 5,37 (P < 0.00001)

Fig. 7 Results and summary statistics of studies analysing GGT levelsin the to

adults by Yoo et al. [56] concludes that the degree of
hepatic steatosis can predict the future occurrence of
MetS. Several studies have reported that NAFLD con-
tributes to the development of DM2 and is associated
with increased cardiovascular risk [57, 58]. The meta-
analysis of prospective studies by Ballestri et al. [59]
concluded that NAFLD significantly increases the inci-
dent risk of DM2 and MetS. This fact is highly relevant
given that NAFLD is associated with elevated liver
enzymes, such as ALT, AST and GGT, so early detec-
tion can help in interventions to prevent metabolic
diseases such as MetS.

Concerning MetS, studies have shown that liver
enzymes could be new candidate biomarkers for its
early diagnosis. Our results are consistent with the
associations reported between liver enzymes and
MetS by other authors. The cross-sectional study
by Chen et al. [17] concludes that serum ALT lev-
els, even within the reference range, are significantly
associated with MetS. The study by Sattar et al. [60]
informs that serum ALT levels, but not AST levels,
increased progressively as the number of MetS compo-
nents increased. The meta-analysis of 10 prospective

20 -0 0 10 20
MetS - MetS +

tal population with and without metabolic syndrome (MetS)

cohort studies by Kunutsor et al. [61] reported a dose-
response relationship between GGT level and the risk
of MetS. The meta-analysis by Liu et al. [62], involv-
ing 9 cohort studies, evidenced a positive association
between GGT levels and the risk of MetS independent
of alcohol intake.

In addition, there are significant gender differences,
with males having higher levels than females, and the
reference ranges established by the laboratories also
vary. The study by Cheng et al. [24] reveals that male
subjects had a higher prevalence of MetS and higher
ALT levels; these results are in line with studies by
Huang et al. [27] and Kim et al. [28].

However, further epidemiological investigations
using longitudinal designs are needed to understand
the associations between serum ALT, AST, and GGT
levels and MetS.

These findings have important clinical implications
regarding the optimal strategies to be adopted to pre-
vent the development of MetS. In addition, monitoring
liver enzyme values to detect their gradual elevation
could alert to future metabolic problems.
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Limitations and strengths

At the methodological level, the assessment of risks of
bias in studies is a major issue in this type of research,
in line with PRISMA recommendations. Studies with
similar methodologies but with discrepancies in qual-
ity may have biased results. The quality of the evidence
obtained is “very low” because observational studies
have been analysed where there is a high risk of bias
and, in addition, present a very high inconsistency
(heterogeneity).

The authors were unable to fully examine the impact
of adjustment for all known and potential risk factors,
due to the varying degree of adjustment for confound-
ing factors across individual studies.

One of the main strengths of this review is the
comprehensive search covering a wide geographical
area. In addition, a large sample size of subjects with
and without MetS was included, which increased the
study’s statistical power. However, considering some
limitations, interpreting the findings in this systematic
review and meta-analysis should be done cautiously.
Firstly, non-randomised comparisons in observational
studies may suffer from bias, which could affect the
findings and thus weaken the strength of the evidence.
Secondly, the included studies used different defini-
tions to diagnose MetS, which may alter the findings.
Also, the heterogeneity of the analyses was very high,
which makes the results less robust. Finally, another
limitation was that no additional strategies were used
in the current search to locate unpublished reviews
(grey literature).

Conclusions

The results have shown that MetS+subjects have
higher levels of all liver enzymes tested than MetS-
subjects. These findings provide a rationale for further
evaluation of the relationship of liver enzymes in the
pathophysiological process of MetS and could lead to
new perspectives in early diagnosis.

The relevance of these findings has several implica-
tions for clinical practice, such as early diagnosis of
MetS, early prevention of associated liver damage, bet-
ter understanding of the pathophysiology, as well as
the management and direction of effective care strate-
gies for these patients.

However, primary studies with higher method-
ological quality should be performed to provide more
robustness to the collected findings. Also, regarding
this severe health problem, more research is needed
in different populations to identify the importance
of liver enzymes in MetS or other cardiovascular
diseases.
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Abstract: Background: Metabolic syndrome (MetS) is a group of metabolic abnormalities charac-
terised by central obesity, hypertension, dyslipidaemia, and dysregulation of blood glucose, which
is associated with the risk of diabetes, cardiovascular disease, and overall mortality. White blood
cell count is a selective marker of acute infection and inflammation, which could provide infor-
mation on the metabolic status of subjects. This study aims to provide the best evidence on the
association between MetS and white blood cell count by determining the effect size of this biomarker.
Methods: A systematic review and meta-analysis of studies indexed in the PubMed and Scopus
databases were performed. Methodological quality was assessed using the STROBE tool, overall
risk of bias using RevMan (Cochrane Collaboration), and quality of evidence using Grade Pro. Re-
sults: We included 14 articles comparing leukocyte concentrations in 21,005 subjects with MetS
and 66,339 controls. Subjects with MetS had a higher mean leukocyte count, 0.64 cells x10%/L;
CI95% 0.55-0.72; p < 0.00001; I? = 93%. Conclusions: An in-depth evaluation of the relationship of
leukocytes in the pathophysiological process of MetS could lead to new insights into early diagnosis.

Keywords: metabolic syndrome; leukocytes; white blood cells; biologic marker

1. Introduction

Metabolic syndrome (MetS) is a group of metabolic abnormalities that includes central
obesity, hypertension, dyslipidaemia, and blood glucose disorders. This condition is associ-
ated with an increased risk of developing diabetes, cardiovascular disease, and a raised
overall mortality rate [1]. In addition, the incidence and prevalence of MetS have increased
globally, making this non-communicable disease a major public health hazard [2,3]. There-
fore, early diagnosis and prevention of MetS are essential. The underlying pathophysiology
involves insulin resistance (IR), chronic low-grade inflammation, and oxidative stress,
playing a crucial role in the pathogenesis of MetS [4,5].

Inflammatory markers are generally increased in patients with MetS, but the link
between inflammation and the development of MetS is less well established. However,
evidence suggests that changes in haematological parameters related to inflammatory
processes, such as white blood cell count (WBC) and prothrombotic markers, may be
associated with MetS [6,7]. WBC, neutrophils, and lymphocytes are common, inexpensive,
and widely used markers of inflammation in the clinical setting [8]. These markers activate
the main cell types involved in acute and chronic inflammation [9]. Additionally, white
blood cells altered by chronic inflammatory risk factors are more likely to bind and adhere
to vascular endothelium, which can cause capillary leukocytosis and eventually lead to
vasoconstriction and hypertension [10].
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Likewise, WBC count is directly associated with insulin resistance and, inversely,
with insulin secretion. Concerning this, WBC count has been shown to predict both wors-
ening insulin sensitivity and the incidence of type 2 diabetes [11]. Furthermore, due to
hypertrophy-induced inflammation and leukocyte infiltration, adipose tissue loses sensi-
tivity to insulin, resulting in increased lipolysis and impaired lipid storage, augmenting
its dysfunctionality. As a result, free fatty acids and triglycerides are mobilised into the
circulation, accumulating lipid derivatives in skeletal muscle, liver, and pancreatic B-cells,
leading to impaired tissue function and systemic insulin resistance [12].

Thus, increased WBC may be directly involved in the pathogenesis of MetS by increas-
ing the movement of inflammatory cells into adipose tissue. Prolonged maintenance or
worsening of this metabolically dysfunctional state further perpetuates dysregulation of
lipid metabolism and immune responses, increasing the individual’s risk of developing a
wide range of chronic diseases [13,14].

In addition, previous studies have shown a significant relationship between WBC
and MetS [6,15]. In this regard, it has been observed that the number of immune cell
subtypes, specifically, the total number of leukocytes, lymphocytes, and monocytes, is
higher in individuals with MetS [16]. Therefore, since chronic subclinical inflammation
is implicated in the genesis of MetS and WBC can be used as a marker of inflammation,
assessing the association between WBC count and the development of MetS may generate
anew parameter to aid in its detection.

The primary aim of this systematic review and meta-analysis is to offer the most robust
evidence regarding the correlation between Metabolic Syndrome (MetS) and leukocyte
levels, ascertaining the magnitude of this biomarker’s impact.

2. Materials and Methods
2.1. Search Strategy and Eligibility Criteria

This systematic review and meta-analysis were conducted according to the criteria
established by the PRISMA statement [17] (Supplementary Materials). The search was
performed in the PubMed and Scopus databases, covering January 2017 to January 2022.
The search methodology was formulated by amalgamating the following Medical Subject
Headings (MeSH) descriptors: “metabolic syndrome”, “leukocytes”, and “white blood cells”
with the Boolean operator AND. Cross-sectional and longitudinal studies investigating
the association between MetS and leukocytes or articles collecting data related to both
parameters were included. In addition, the results had to include the mean and standard
deviation. Only manuscripts in English and Spanish and those collecting data on subjects
older than 18 years were considered. Papers from subjects previously diagnosed with
diabetes, obesity or active infections that could increase the level of leukocytes in their
study groups were excluded. The systematic review was registered in PROSPERO with ID
CRD42022228327.

2.2. Selection of Papers

E.R.C.and M.R.S. conducted independent reviews of all the articles retrieved in the
search to remove duplicates. Subsequently, R].M., RM.L., JM.G.G,, and GM.R,, four other
authors, individually examined the titles and abstracts, applying eligibility criteria to select
the articles that ultimately made it into the review. Lastly, M.V.A,, the fifth author, served
as a judge in the event of any discrepancies.

2.3. Data Extraction

One researcher (E.R.C) extracted the data, verified by a second investigator (R.J.M). A
third researcher (M.R.S) decided in case of disagreement between them. Cohen’s Kappa
index was used to assess the degree of agreement. We collected the following information
from each study: citation, characteristics of the study population (including age and
gender), study methodology, duration of follow-up, sample size, as well as the average and
standard deviation of leukocyte levels in individuals with Metabolic Syndrome (MetS+)
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and those without Metabolic Syndrome (MetS—). In addition, the mean and standard
deviation were extracted for reports collecting neutrophil, lymphocyte, and monocyte data.

2.4. Evaluation of the Qualitative Synthesis

A team of four authors (RM.L, RJ.M, ER.C, and G.M.R) conducted a thorough
qualitative synthesis assessment through a triple analysis:

(a) Methodological quality evaluation was performed using the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) statement [18] for observa-
tional studies.

(b) Risk of bias evaluation was conducted using the Cochrane Collaboration tool [19]
integrated into the REVMAN 5.4.2 software (Cochrane Collaboration, Copenhagen,
Denmark). This analysis assessed risks related to selection, conduct, detection, attri-
tion, and reporting.

(c)  Evaluating the evidence quality. Utilizing the Grade Pro tool (McMaster University
and Evidence Prime), we constructed the evidence profile table, assigning specific
levels as outlined [20]:

e High: Strong assurance in aligning the actual and estimated effect;

e  Moderate: Reasonable confidence in the estimated effect. The actual effect may
differ significantly;

e  Low: Restricted confidence in the estimated effect. The actual effect may deviate
substantially from the estimate;

e Very Low: Minimal confidence in the estimated effect. The actual effect is highly
likely to vary extensively from the estimate.

2.5. Statistical Analysis (Evaluation of Quantitative Synthesis or Meta-Analysis)

The statistical computations and generation of forest and funnel plots for the meta-
analysis were conducted using the Cochrane Review Manager software (RevMan 5.4.2).
Given the variation in effect sizes among the included studies, a meta-analysis was executed
utilizing the Mantel-Haenszel random-effects approach, following the DerSimonian and
Laird model. The difference between arithmetic means with a 95% confidence interval was
used to measure effect size. Leukocyte count was measured in cells x10° /L. Publication
bias risk was evaluated through an examination of the funnel plot. Heterogeneity was
assessed by computing the Chi-square test and the inconsistency index (I?). Following
the Cochrane Collaboration tool, heterogeneity was categorized as follows: unimportant
(0-40%), moderate (30-60%), substantial (50-90%), and considerable (75-100%).

3. Results
3.1. Characteristics of the Studies

The search yielded 89 records, of which 25 were identified for full-text review (Figure 1).
Of these, 14 met the inclusion criteria and were therefore selected for systematic review
and meta-analysis.

Regarding the research design, all studies were observational: 10 cross-sectional
studies [10,21-29], 3 cohort studies [9,30,31], and 1 case—control study [32]. In total, the
14 papers compared leukocyte concentrations between 21,005 MetS+ and 66,339 MetS—
subjects. The ages of the participants ranged from 18 to 85 years. Most of the pa-
pers (57.14%) [9,22,24,26-28,30,32] included participants of both sexes, but analysed the
data globally; 3 studies (21.4%) included only men [21,23,25], and 3 others collected
data from men and women separately [10,29,31]. In relation to provenance, half of
the articles found were developed in the Chinese population [9,10,22,26,28-31]. In ad-
dition, neutrophil data were extracted from 7 articles [9,22,26-30], lymphocyte data from
6 studies [9,22,24,27,31,32], monocyte data from 4 papers [28-30,32], and eosinophil and
basophil data from 2 manuscripts [28,29].
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No. of records identified through database
searches;

No. of records excluded by title and abstract

H PUBMED (n=593) (n=681)
E SCOPUS (n=576)
2 ,
g J
=
No. of records after removing duplicate ——>  No. of records that do not provide relevant
citations (n=488) information (n=399)

0 No. of records excluded;

=

k| - Do not MetS+ y MetS- (n=43
§ No. of records screened (n=89) —> S xfomparc i e )
] - Not available full text (n=9)

wl

- Do not show mean+SD (n=12)

;E' No. of full-text articles assessed for L No. of full text articles excluded, with reasons;
g eligibility (n=25) - Include others diseases (n=11)

=]

No. of studies included in the qualitative
synthesis (n=14)

o

51

©

=2

2

synthesis (n=14)

No. of studies included in the quantitative

Figure 1. PRISMA flow chart. MetS, metabolic syndrome; SD, standard deviation.

MetS was defined according to the National Cholesterol Education Program (NCEP-
ATPIII) third report criteria [33] in 7 research studies [22-24,27,29,31,32]; 3 studies [10,21,28]
assessed MetS using the International Diabetes Federation (IDF) definition [34];
2 studies [25,26] used harmonised criteria [35]; and 2 articles [9,30] as defined by the Chi-

nese Diabetes Society [36].

The in-depth features of the chosen studies can be found in Table 1.
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Table 1. Characteristics of included studies (n = 14).

Author. Y STROBE™ No. of
“CO“L‘;' £t Study Design Reporting Age of Participants Subjects MetS Criteria Results
Y Guidelines MetS+/MetS —
Men Nk Increased WBC (p < 0.001) is related to a higher number of MetS criteria.
Ahmadzadeh et al., Cross-sectional Men
2017, Tran [21] study B x::ss“ ‘ét'i i Z‘% Ta‘zkof{?lﬁ IDE MetS+7.2 + 1.7 (WBC)
o6 =T otalll, MetS— 6.7 + 1.7 (WBC)
Chenetal,2019,  Cross-sectional MetS+ 565 + 05 254/598 Elevaetl WEG lovele in Vet abpects.
China [22] stud <l MetS— 47.6 + 0.4 Total 852 NCER TP Mets+ 206 £ 01 (WEC)
= y s MetS— 6.4 + 0.06 (WBC)
Women Wornes Haematological parameters, including WBC and subtypes, correlate with the occurrence
MetS+ 60.7 + 10.0 277/641 of MetS.
Chen et al., 2020, Cross-sectional 19 MetS— 52.6 + 12.7 Total 918 IDE
China [10] study Men Men Women Men
MetS+57.2 +10.5 140/343 MetS+ 6.69 + 1.67 (WBC) MetS+7.24 + 1.66 (WBC)
MetS— 54.8 £135 Total 483 MetS— 6.1 + 1.53 (WBC) MetS— 6.87 + 1.59 (WBC)
; : Men Men Significantly higher white blood cell count in MetS+ subjects.
H‘;;e;n"l'l'zi(;l Z C“’S‘;ﬁu‘mal 21 MetS+495 + 6.5 251/474 NCEP ATP 1T Men
P : y MetS— 488 + 6.1 Total 725 MetS+ 6.57 + 1.55 (WBC) MetS— 5.95 + 1.44 (WBC)
The MetS+ group had higher TSH and inflammation levels, indicated by higher WBC, LY,
Chinese and Mo/HDL.
Lietal., 2019, Retrospective 19 MetS+ 525 + 13.6 120/1948 Diabetes MetS+ 7.1 £ 2.11 (WBC) MetS+ 3.89 + 1.52 (Neutrophil)
China [30] cohort study MetS— 41.1 +13.3 Total 2068 Societ MetS— 6.4 + 1.6 (WBC) MetS— 3.57 + 1.2 (Neutrophil)
¥ MetS+ 257 + 0.79 (Lymphocyte) MetS+ 0.43 + 0.15 (Monocyte)
MetS— 2.25 + 0.61 (Lymphocyte) MetS— 0.39 + 0.13 (Monocyte)
Subjects with MetS+ have higher levels of leukocytes, neutrophils, and total lymphocytes.
2 Elevated levels of leukocytes, neutrophils, and lymphocytes increased the incidence of MetS.
Lin et al,, 2021, Cohort study 20 MetS+ 45 + 11.6 179/1363 g:{)‘:tﬁ MetS+ 3.6 + 1.03 MetS+2.39 + 0.68
China [9] MetS— 44.9 +£13.18 Total 1542 Societ MetS+ 6.6 + 1.4 (WBC) (Neutrophil) (Lymphocyte)
y MetS— 6.21 + 1.3 (WBC) MetS—3.39 + 0.94 MetS— 2.25 + 0.56
(Neutrophil) (Lymphocyte)
Inflammatory biomarkers (WBC, CRP, and Hs-CRP), lipid markers (total cholesterol,
; i triglycerides, and LDL-cholesterol), and glycaemic markers (fasting glucose, HbAlc, insulin,
LiuCetal., 2019, Cross-sectional MetS+50.4 + 11.1 10,475/23,538 X 5 : 2 i
Taiwan [24] study. 19 MetS— 45.6 + 11.1 Total 34,013 NCEP ATPIII  HOMA-IR, and SUA) were on average higher in the MetS+ group than in MetS— (p <0.001).

MetS+ 6.83 + 1.72 (WBC)
MetS— 6.05 = 1.45 (WBC)
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Table 1. Cont.
STROBE' No. of
A‘g‘:ﬁ:’“" Study Design Reporting  Age of Participants ~ Subjects  MetS Criteria Results
24 Guidelines MetS+/MetS —
Total leukocyte count and CRP were higher in the MetS+ group, while leukocyte ratios
3 Men Men A showed no significant differences.
Mame :L,Pz(;)]zo, SHpe faconal 19 MetS+49.5+ 8.1 137/552 Hlonel Men
1= y MetS— 44.5 + 99 Total 689 MetS+ 7.1 + 1.81 (WBC)
MetS— 6.44 = 1.68 (WBC)
They observe that leukocyte, neutrophil, and lymphocyte concentrations are associated
with MetS,
Mengetal, 2017,  Cross-sectional 21 MetS+ 527 + 9.7 2292 /4020 Harmonised MetS+ 3.29 + 097 MetS+1.98 = 049
China [26] study MetS— 489 + 9.7 Total 6312 criteria MetS+ 5.84 + 1.46 (WBC) (Neutrophil) (Lymphocyte)
MetS— 532 + 1.29 (WBC) MetS- 298 + 097 MetS— 1.77 + 0.65
(Neutrophil) (Lymphocyte)
Women Women Higher levels of WBC are observed in the MetS group.
MetS+55.2 -+ 10.4 401/8035
Tanaka et al, 2020, MetS— 448 =98 Total 8436
China I3” Cohort study 19 Men Men NCEP ATP 1T Women Men
MetS+ 50.3 + 9.4 1184/10,542 MetS+ 6.0 + 1.5 (WBC) MetS+ 6.6 4 1.7 (WBC)
MetS— 44.8 = 97 Total 11,726 Met5— 5.3 - 1.4 (WBC) MetS— 5.7 + 1.5 (WBC)
e MHR is a useful inflammatory marker to assess MetS and disease severity.
Ui‘r“ £t 2k 2018, Case-control study 19 mlssi z - ‘1‘;52 ;:;/1]22 NCEP ATP III MetS+ 7.96 + 2.63 (WBC) MetS+0.59 - 0.26 (Monocyte)
hekey 121 = MetS— 6.69 + 1.58 (WBC) MetS— 048 + 0.16 (Monocyte)
2 2 g MRLs such as MHR may be novel and valuable indicators in MetS.
Va?“: al. 17, C"“tff:‘“’“a' 20 mgj Z"i e T‘Zt‘{ ;‘2‘2 NCEP ATPTII MetS+ 7.5 + 1.66 (WBC) MetS + 432 + 134 (Neutrophil)
urkey [27] study aesd ota MetS— 749 + 1.69 (WBC) MetS— 451 1.36 (Neutrophil)
Lasso’s logistic regression algorithm helped to identify MetS with high accuracy in an
occupational population.
) ) X MetS+7.37 4 1.79 (WBC) MetS+ 245 -+ 0.69 (Lymphocytes)
X‘é‘ ;‘: al, E‘f’ Cm&‘f“’:‘“’m' 19 h":?‘gj 22‘;‘7 ]‘}55/] 2213‘1 IDF MetS— 6.68 + 1.65 (WBC) MetS— 2.39 + 071 (Lymphocytes)
na. 28] study e - ota MetS+ 042 + 0.15 (Monocyte) MetS+4.32 £ 1.42 (Neutrophil)
MetS— 0.39 £ 0.13 (Monocyte) MetS— 3.71 + 1.25 (Neutrophil)
MetS+0.17 = 0.13 (Eosinophil) MetS+ 0.07 + 0.16 (Basophil)

MetS- 0.18 + 0.18 (Eosinophil) MetS- 0.05 + 0.11 (Basophil)
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Table 1. Cont.
STROBE™ No. of
A“c'f)‘“:t“’" Study Design Reporting  Age of Participants Subjects MetS Criteria Results
ey Guidelines MetS+/MetS—
They observe interactions between leukocytes, monocytes, neutrophils, and sex in MetS.
Women Men
MetS+5.68 + 1.31 (WBC) MetS+ 5,87 + 1.43 (WBC)
MetS— 5.15 + 1.28 (WBC) MetS— 5.48 = 1.53 (WBC)
6(";}’/"1‘;'7"1 MetS+ 1.8 + 057 (Lymphocytes) MetS+ 1.75 + 053 (Lymphoeytes)
; MetS— 1.61 + 0.51 hocytes MetS— 1.56 + 0.62 (Lymphocyte
Yarg‘ et al.,_’%)()ZO. Cnxﬁ@-:j(d'dmnal 19 260 years Total 2379 NCEP ATP III tMm&, 03401 ((I‘My?,:s,cyufev) ) MetS+ 0.35 + m(‘, ({,1":,':“,‘.);{,_.)‘3)
ina. (29 s Men MetS— 028 4 0.1 (Monocyte) MetS— 0.34 -+ 0.13 (Monocyte)
311/1889 MetS+ 3.41 + 0.99 (Neutrophil) MetS+ 3,56 + 1.14 (Neutrophil)
Total 2200 MetS— 3.1 = 1.01 (Neutrophil) MetS— 3.4 + 1.21 (Neutrophil)
MetS+0.13 + 0.11 (Eosinophil) MetS+ 0.16 + 0.15 (Eosinophil)
MetS— 0.13 + 0.13 (Eosinophil) MetS— 0.14 = 0.14 (Eosinophil)
MetS+ 0,03 + 0,02 (Basophil) MetS+ 0.04 + 0.02 (Basophil)
MetS— 0.03 + 0.02 (Basophil) MetS— 0.03 + 0.02 (Basophil)

CRP, C-reactive protein; HbAlc, haemoglobin Alc; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; hsCRP, high-sensitivity C-reactive protein; IDF, International
Diabetes Federation; LY, lymphocytes; LMR, lymphocyte-to-monocyte ratio, MetS, metabolic syndrome; MHR, monocyte to high-density lipoprotein cholesterol ratio; Mo/HDL,
monocyte/high-density lipoprotein; NCEP ATP 11, National Cholesterol Education Program Adult Treatment Panel 11I; STROBE, Strengthening the Reporting of Observational Studies

in Epidemiology; SUA, serum uric acid; TSH, thyroid-stimulating hormone; WBC, white blood cells.
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3.2. Methodological Quality Assessment

Every report scored 19 or higher out of the 22 items outlined in the STROBE reporting
guidelines [18], placing them in the highest tercile. No articles were excluded for poor
methodological quality. In Table 1, you can observe the individual scores assigned to
each paper.

3.3. Bias Risk Analysis

Overall (Figure 2), it can be seen that the main biases were random sequential genera-
tion, allocation concealment, blinding of participants and personnel, and blinding of out-
come assessment. Only one of the included articles collected data randomly with allocation
concealment [30]. Figure 3 represents the individual assessment of the included studies.

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) —
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

Other bias

0% 25% 50% 75%  100%

I Low risk of bias Unclear risk of bias I High risk of bias

Figure 2. Overall risk of bias observed in the studies.

Other hias

Ahmadzadeh, 2017 Men

Chen, 2019

Chen, 2020 Men

©® ©® @ @ B5inding of outcome assessment (detection bias)

Chen, 2020 Women

Chol, 2017 Men

Li, 2019

® O ® ® ® ® ® selective reporting (reporting bias)

© ® ® ® ® @ @ ~ocation concealment (selection bias)
@ ® @ o0 @ Biinding of participants and personnel (performance bias)

Lin, 2021

Liu €, 2019

Mauss, 2021 Men

Meng, 2017

o ® .‘. ® ©® ® ® ® @ rancom sequence generation (selection bias)

Tanaka, 2020 Men | @
Tanaka, 2020 Women | @
Uslu, 2018 | @
vahit, 2017 | @

Xie, 2021 @ |
Yang, 2020 Men | @
Yang, 2020 Women | @

Figure 3. Summary of risk of bias by study [9,10,21-32].
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3.4. Quantitative Analysis and Meta-Analysis

Figure 4 shows the Forest Plot, including the results for both sexes from the 14 review
articles. MetS+ subjects showed a higher mean leukocyte count, namely the mean difference
was 0.64 cells x10° /L (C195% 0.55-0.72; p < 0.00001; I = 93%), compared to MetS— subjects.

MetS+ MetS- Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahmadzadeh, 2017 Men 7.17 1.72 3203 6.76 1.67 7911 8.0% 0.41[0.34, 0.48] -
Chen, 2019 7.03 0.11 254 6.41 0.06 598 8.4% 0.62 [0.61, 0.63] .
Chen, 2020 Men 7.24 1.66 140 6.87 1.59 343 3.7% 0.37[0.05, 0.69] =
Chen, 2020 Women 6.69 1.67 277 6.1 153 641 5.2% 0.59[0.36, 0.82] -
Choi, 2017 Men 6.57 1.55 251 5.95 1.44 474 5.1% 0.62[0.39, 0.85] =
Li, 2019 7.1 2.11 120 6.4 16 1948 3.0% 0.70[0.32, 1.08] .
Lin, 2021 6.6 1.43 179 521 1.31 1363 5.3% 1.39[1.17, 1.61] -
Liu C, 2019 6.83 1.72 10475 6.05 1.45 23538 8.3% 0.78[0.74, 0.82] &
Mauss, 2021 Men 7.1 1.81 137 6.44 1.68 552 3.6% 0.66 [0.33, 0.99] -
Meng, 2017 5.84 1.46 2292 5.32 1.29 4020 8.0% 0.52[0.45, 0.59] -
Tanaka, 2020 Men 6.6 1.7 1184 5.7 1.5 10542 7.5% 0.90 [0.80, 1.00] -
Tanaka, 2020 Women 6 15 401 53 1.4 8035 6.7% 0.70 [0.55, 0.85] il
Uslu, 2018 7.96 2.63 147 6.69 1.58 134 2.1% 1.27[0.77,1.77) -
Vahit, 2017 7.55 1.66 371 7.49 1.69 391 5.0%  0.06 [-0.18, 0.30] T
Xie, 2021 7.37 1.79 655 6.68 1.65 2189 6.6% 0.69 [0.54, 0.84] o
Yang, 2020 Men 5.87 1.43 311 5.48 153 1889 6.2% 0.39[0.22, 0.56) e
Yang, 2020 Women 5.68 131 608 5.15 1.28 1771 7.2% 0.53[0.41, 0.65] -
Total (95% CI) 21005 66339 100.0% 0.64 [0.55, 0.72] ()
Heterogeneity: Tau® = 0.02; Chi? = 224.76, df = 16 (P < 0.00001); I’ = 93% “2 t 3

Test for overall effect: Z = 14.99 (P < 0.00001) E MetS- MetS+

Figure 4. Results and summary statistics of studies analysing leukocyte levels in the total population
with and without metabolic syndrome (MetS) [9,10,21-32].

The Funnel Plot (Figure 5) shows a low risk of publication bias. The sensitivity analysis
did not show that any study significantly affected the heterogeneity of the meta-analysis;
therefore, no articles were excluded.

o, SEMD)

0.3+

0.4

M
0.5+ ; : n ey : D
-2 -1 0 1 2

Figure 5. Funnel plot.

MetS+ subjects showed a higher mean number of neutrophils, specifically, the mean
difference was 0.28 cells x10° /L (CI95% 0.2-0.36; p < 0.00001; = 88%), compared to
MetS— subjects (Figure 6).
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Study or Subgroup
Chen, 2019

Li, 2019

Lin, 2021

Meng, 2017

Vahit, 2017

Xie, 2021

Yang, 2020 Men
Yang, 2020 Women

Total (95% CI)

MetS+ MetS- Mean Difference Mean Difference
Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.77 0.08 254 3.44 0.05 598 18.0% 0.33[0.32, 0.34) .
3.89 1.52 120 3.57 1.2 1948 5.8% 0.32 [0.04, 0.60] *
3.6 1.03 179 3.39 094 1363 10.7% 0.21 [0.05, 0.37) e
3.29 0.97 2292 2.98 0.97 4020 16.9% 0.31[0.26, 0.36] .
4.32 1.34 371 4.51 136 391 9.0% -0.19 [-0.38, 0.00] ¥
4.32 1.42 655 3.71 1.25 2189 12.9% 0.61[0.49, 0.73] A
3.56 1.14 311 3.4 121 1889 11.9% 0.16 [0.02, 0.30] *
3.41 0.99 608 3.1 1.01 1771 14.7% 0.31[0.22, 0.40] b
4790 14169 100.0% 0.28 [0.20, 0.36] *
ity o . - 2 oo 2 - + + 4 + 4
Heterogeneity: Tau® = 0.01; Chi’ = 57.61, df = 7 (P < 0.00001); I’ = 88% 2 05 0 0.5 1
MetS- MetS+

Test for overall effect: Z = 6.71 (P < 0.00001)

Study or Subgroup
Chen, 2019

Li, 2019

Lin, 2021

Meng, 2017

Xie, 2021

Yang, 2020 Men
Yang, 2020 Women

Total (95% CI)

Heterogeneity: Tau® = 0.00; Chi’ = 47.19, df = 6 (P < 0.00001); I = 87%
Test for overall effect: Z = 8.39 (P < 0.00001)

Figure 6. Results and summary statistics of studies analysing neutrophil levels in the total population
with and without metabolic syndrome (MetS) [9,22,26-30].

In relation to lymphocytes (Figure 7), MetS+ subjects showed a higher mean, the mean
difference was 0.19 cells x10%/L (CI95% 0.14-0.23; p < 0.00001; 2= 87%), compared to
MetS— subijects.

MetS+ MetS- Mean Difference Mean Difference
Mean SD Total Mean SD Total Weight |V, Random, 95% CI v, Random, 95% Cl
2.52 0.04 254 2.28 0.03 598 20.4% 0.24 [0.23, 0.25] e
2,57 0.79 120 2.25 0.61 1948 6.4% 0.32[0.18, 0.46] -
2.39 0.68 179 2.25 0.56 1363 9.5% 0.14 [0.04, 0.24] .
1.98 0.49 2292 1.77 0.65 4020 18.8% 0.21[0.18, 0.24] -
2.45 0.69 655 2.39 0.71 2189 14.7% 0.06[-0.00, 0.12] |
1.75 0.53 311 1.56 0.62 1889 14.1% 0.19[0.12, 0.26) o
1.8 0.57 608 161 0.51 1771 16.0% 0.19 [0.14, 0.24] b
4419 13778 100.0% 0.19 [0.14, 0.23]

05 025 05

0
MetS- MetS+

Figure 7. Results and summary statistics of studies analysing lymphocyte levels in the total popula-
tion with and without metabolic syndrome (MetS) [9,22,26,28-30].

3.5. Quality of Evidence

Table 2 shows the evidence profile of the meta-analysis, providing specific information
regarding the overall certainty of the evidence of the studies included in the compari-
son, the magnitude of the studies examined, and the sum of the data available for the
outcomes assessed.
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Table 2. Evidence profile with GRADE pro for the meta-analyses.

Certainty Assessment No. of Subjects Size of the Effect
No. of Indirect Oth M Diffe Quality uf
0.0 : : ; ; ndirec s er ean rence Biidenve
Studies Study Design  Risk of Bias  Inconsistency Evidence Imprecision Gongiderations MetS+ MetS (95% CI) videnc
Meta-analysis White blood cells
ey Observational A 3 It is not It is not dose-response S000
n=14 studiis serious Very serious - SerRs gradient 21,005 66,339 0.64 (0.55-0.72) Very low
Meta-analysis Neutrophils
gayg ~ Obeervational Very serious i femat i fnot dose tesponge 4790 14,169 0.28 (0.2-0.36) ®O00
studies serious serious gradient Very low
Meta-analysis Lymphocytes
pmp, ~(Obemvational i Very serious R 12101 212 not dasetgapsne 4419 13,778 0.19 (0.14-0.23) SO0
studies serious serious gradient Very low

MetS, metabolic syndrome; Cl, confidence interval.
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4. Discussion

A comprehensive review and meta-analysis were performed to examine the latest
evidence regarding the association between Metabolic Syndrome (MetS) and leukocyte
levels. Fourteen articles were selected to quantify the size effect and the limitations that
have conditioned their results. All demonstrated sufficient reliability and methodological
quality regarding the association between leukocytes and MetS.

The present meta-analysis shows the relationship between the level of leukocytes and
MetS. The leucocyte concentration in the 21,005 MetS+ subjects was significantly higher
than in the group of 66,339 controls (mean difference (MD): 0.64 cells x10°/L; CI95%
0.55-0.72; p < 0.00001).

The results of this review support how elevated white blood cell count is closely related
to MetS. The mechanisms that explain this association are not entirely clear, but some
possibilities have been suggested. On the one hand, IR, defined as the decreased capability
of insulin to stimulate glucose uptake by muscle and adipose tissues and to suppress hepatic
glucose production [37], may contribute to metabolic disturbances and accumulation of
inflammatory markers, such as total leukocytes and other inflammatory factors [29].

On the other hand, MetS indicates metabolic dysregulation or dysfunction, strongly
associated with atherosclerotic cardiovascular disease and often accompanied by chronic
low-grade inflammation [4,38]. This inflammation can induce the synthesis of several
groups of cytokines and proteolytic enzymes and decrease the formation of prostacyclin
and nitric oxide, which can cause impaired endothelial integrity and functional impairment,
leading to an increase in white blood cells and their subtypes [9,11,13]. Furthermore, TNF-a
has been shown to be consistently expressed in adipose tissue, and these proinflammatory
cytokines lead to elevated leukocyte levels [39]. This increase may lead to hypertension
and loss of vasodilatory capacity [40]. The study by Marques P et al. [41] reports that neu-
tralising chemokine axes partially inhibit leukocyte adhesion through altered adhesiveness
of proinflammatory monocytes to dysfunctional endothelium, suggesting a potential link
between the systemic inflammatory response and the development of CVD in MetS.

In addition, Lorenzo et al. note that elevated total white blood cell, neutrophil, and
lymphocyte counts can be detected in people at increased risk of diabetes due to insulin
sensitivity and low-grade inflammation [14]. Metabolic alterations and inflammation enter
a vicious cycle of T-cell activation, senescence, and proinflammatory cytokine production
that worsens pathological conditions [42].

Our results are consistent with reported associations between leukocytes and MetS.
Previous longitudinal and cross-sectional studies have associated WBC with the incidence
and prevalence of MetS [6,43]. The cross-sectional study by Babio et al. [44] demonstrates
that WBC count was associated with increased risk and prevalence of MetS and concluded
that WBC count is positively associated with three parameters used as defining criteria for
MetS: hyperglycaemia, HDL-cholesterol, and hypertriglyceridaemia. Therefore, circulating
white blood cells could represent a critical factor in the study of obesity and its associated
comorbidities, such as MetS and CVD [45]. In addition, the study by Wang et al. [46]
confirms that monitoring longitudinal changes in leukocyte markers may help provide a
strategy for primary prevention of future cardiovascular events. Thus, cardiometabolic risk
factors contribute to developing and worsening this proinflammatory and prothrombotic
state associated with MetS, leading to detrimental metabolic conditions. Many of these
conditions are acquired through lifestyle and are modifiable, indicating the importance of
prevention and treatment methods to improve cardiometabolic risk factors to reduce their
impact on MetS [47,48].

5. Limitations and Strengths

In this kind of research, evaluating the potential biases in study methodologies is
a crucial concern under PRISMA guidelines. Studies with similar methodologies but
discrepancies in quality may have biased results. The quality of the evidence obtained is
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“very low” because observational studies have been analysed. These study designs pose a
high bias risk and show a very high inconsistency (heterogeneity). The authors were unable
to thoroughly examine the impact of adjustment for all known and potential risk factors
due to the varying degrees of adjustment for confounding factors across individual studies.
One of the main strengths of this review is a large sample size of subjects with and without
MetS was included, which increased the study’s statistical power. However, analysing the
findings in this systematic review and meta-analysis should be conducted with caution,
considering some limitations. Firstly, non-randomised comparisons in observational studies
may suffer from biases, which could affect the results and thus weaken the strength
of the evidence. Secondly, the different criteria or definitions used to diagnose MetS
in the included studies may influence the determination and identification of affected
individuals. Also, the treatment approach and health objectives may change depending
on the definition. Third, with increasing age, there is decreased adaptive immunity and
increased inflammation or immunoaging, which affects the levels of proinflammatory
cytokines that can alter the leukocyte profile [49]. Fourth, most studies come from the Far
East region, making it difficult to generalize the results to other countries. Fifth, further
research is required to identify the importance of increased neutrophils and lymphocytes in
MetS and other cardiovascular diseases. Finally, another limitation was that no additional
strategies were used in the current search to locate unpublished reviews (grey literature).

6. Conclusions

The results have shown that subjects with MetS have higher levels of leukocytes
(0.64 cells x10?/L; CI95% 0.55-0.72; p < 0.00001), neutrophils (0.28 cells x 109/L; CI95%
0.2-0.36; p < 0.00001), and lymphocytes (0.19 cells x 107 /L; CI95% 0.14-0.23; p < 0.00001).
These results provide a rationale for further evaluation of the relationship of leukocytes in
the pathophysiological process of MetS. They could lead to new insights in early diagnosis,
identification of new biomarkers, and discovery of new therapeutic targets for pharmaco-
logical interventions. Further research is therefore required to identify the importance of
white blood cell counts in MetS or other cardiovascular diseases.
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4. Conclusiones

Derivadas del objetivo principal

Evaluar y comparar la eficacia diagndstica de variables proinflamatorias para el

SMet.

R/
L X4

R/
A X4

Primera publicacion (Capitulo I; "Association between metabolic syndrome
and uric acid: a systematic review and meta-analysis"): Los resultados han
evidenciado que los niveles de AU se asocian con la presencia de SMet. En
concreto, se ha observado que los sujetos que presentan SMet tienen mayor
AU plasmatico.

Segunda publicacion (Capitulo I1;"Metabolic syndrome and transaminases:
systematic review and meta-analysis™): Los sujetos con SMet tienen mayores
niveles de todas las enzimas hepaticas analizadas con respecto a los sujetos
sin SMet.

Tercera publicacion (Capitulo I11;"Association between Metabolic Syndrome
and Leukocytes: Systematic Review and Meta-Analysis™): Los sujetos que
presentan SMet tienen mayores niveles de leucocitos, neutrofilos y linfocitos.

Derivadas de los objetivos especificos

1.

Actualizar y revisar la evidencia cientifica disponible sobre la asociacion entre
SMet y variables proinflamatorias; incluyen el &cido drico, los niveles de

transaminasas y el recuento de leucocitos.

% Primera publicacién (Capitulo I; "Association between metabolic
syndrome and uric acid: a systematic review and meta-analysis™): Se
incluyeron 43 articulos (56 grupos) que compararon las concentraciones
de AU entre 91,845 sujetos con SMet y 259,931 controles.

¢ Segunda publicaciéon (Capitulo II;"Metabolic syndrome and
transaminases: systematic review and meta-analysis”): Se incluyeron 17
articulos que compararon las concentraciones de enzimas hepéticas entre
76,686 sujetos SMet+ y 201,855 SMet-.

s+ Tercera publicacion (Capitulo IlI;"Association between Metabolic

Syndrome and Leukocytes: Systematic Review and Meta-Analysis™): Se
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incluyeron 14 articulos que compararon las concentraciones de leucocitos
en 21,005 sujetos con SMet y 66,339 controles.

2. Cuantificar el tamafio del efecto de cada variable proinflamatoria sobre el SMet.

X/
L X4

X/
L X4

Primera publicacion (Capitulo I; "Association between metabolic
syndrome and uric acid: a systematic review and meta-analysis™): Los
sujetos que presentaban SMet tuvieron una media superior de AU, de 0,57
mg/dl (IC 95% 0,54-0,61) (p<0,00001). Dada la heterogeneidad de los
estudios incluidos, se decidié realizar un andlisis de subgrupos. Los
hombres con SMet tienen una concentracion 0,53 mg/dl (IC 95%: 0,45-
0,62, p<0,00001) mas alta de AU y las mujeres con SMet 0,57 mg/dl (IC
95%: 0,48-0,66, p <0,00001), en comparacién con los sujetos sin SMet.
Segunda publicacion  (Capitulo 1I;"Metabolic syndrome and
transaminases: systematic review and meta-analysis"): La concentracion
de ALT, AST y GGT en los sujetos con SMet+ fue significativamente mas
alta que en el grupo control 7,13 UI/L (C195% 5,73 — 8,54; p<0,00001),
2,68 UI/L (C195% 1,82 — 3,54; p<0.00001; 1= 96%) y 11,20 UI/L (C195%
7,11 — 15,29; p<0,00001; I>= 96%), respectivamente.

Tercera publicacién (Capitulo Il11;"Association between Metabolic
Syndrome and Leukocytes: Systematic Review and Meta-Analysis"): Los
sujetos que presentaban SMet tuvieron una media de leucocitos superior,
0,64 cells x10%L; C195% 0,55 — 0,72; p<0,00001; 1°= 93%.

Identificar qué biomarcadores proinflamatorios presentan una asociacion

significativa con el SMet.

X/
L X4

SMet.

X/
o

Los biomarcadores analizados presentan una asociacién significativa con
el SMet. Por ello, la evaluacion en profundidad de la relacion AU, enzimas
hepéticas y leucocitos en el proceso fisiopatoldgico del SMet podria

conducir a nuevas perspectivas en el diagndstico temprano.

Establecer la fuerza de asociacion de las distintas variables proinflamatorias vy el

Para conocer la variable que tiene mayor relevancia, hemos comparado los
valores predictivos, es decir, se ha recurrido a calcular la ratio entre el
valor obtenido en el metaanalisis y el valor medio normal. Los valores
normales de las variables se describen a continuacién; AU: 2,5-6,2 mg/dl,
ALT: 14-36 UI/L, AST: 35 UI/L, GGT: 5-40 UI/L, leucocitos: 4,000-
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11,000 cells x10%L. Por tanto, los sujetos con SMet han mostrado un
incremento, con respecto a los sujetos sin SMet de un 9,1% més de AU,
19,8% de ALT, 7,6% de AST, 28% de GGT y 5,8% de leucocitos. Con los
datos obtenidos, podriamos deducir que la variable que representa mayor
relevancia es GGT. Sefialar, que se requiere mayor investigacion para

poder corroborar estos resultados.

84



5. Indicios de calidad

PRIMERA PUBLICACION

Titulo

Association between metabolic syndrome and uric
acid: a systematic review and meta-analysis

Autores (p.o. de firma)

Elena Raya-Cano, Manuel Vaquero-Abellan, Rafael
Molina-Luque, Domingo de Pedro-Jiménez,
Guillermo Molina-Recio, Manuel Romero-Saldaria.

Revista (afio, vol., pag.)

Scientific Reports. 2022; 12(1), 18412.

Base de datos de indexacion

Journal of Citation Reports (JCR). 2022

(afo)
Categoria Multidisciplinary Sciences
Factor de impacto 4.6
o .
Lugar que ocupa/N° de revistas 22173 (Q2)

del Area temética

SEGUNDA PUBLICACION

Titulo

Metabolic syndrome and transaminases: systematic
review and meta-analysis.

Autores (p.o. de firma)

Elena Raya-Cano, Rafael Molina-Luque, Manuel
Vaquero-Abellan, Guillermo Molina-Recio, Rocio
Jiménez-Meérida, Manuel Romero-Saldafia.

Revista (afio, vol., pag.)

Diabetology & Metabolic Syndrome. 2023; 15(1),
220.

Base de datos de indexacion

Journal of Citation Reports (JCR). 2023

(afo)
Categoria Endocrinology & metabolism
Factor de impacto 4.8 (2022)
o .
Lugar que ocupa/N° de revistas 41/145 (Q2)

del Area tematica
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TERCERA PUBLICACION

Titulo

Association between Metabolic syndrome and
leukocytes: systematic review and meta-analysis.

Autores (p.o. de firma)

Elena Raya-Cano, Manuel Vaquero-Abellan,
Rafael Molina-Luque, Guillermo Molina-Recio,
Jose Miguel Guzman-Garcia, Rocio Jiménez-
Meérida, Manuel Romero-Saldafia.

Revista (afo, vol., pag.)

Journal of Clinical Medicine 2023, 12, 7044.

Base de datos de indexacion (afio)

Journal of Citation Reports (JCR). 2023

Categoria Medicine, General & Internal - Scie
Factor de impacto 3.9 (2022)
Lugar que ocupa/N° de revistas 58/169 (Q2)

del Area teméatica
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6. Plan de Formacion e Investigacion Doctorado

A continuacion, mas alla de las publicaciones de alto impacto presentadas en el
documento, se detallan las numerosas aportaciones cientificas derivadas directamente del

desarrollo de la tesis doctoral, destacando:

e Asistencia a seminarios del Instituto Maimonides de Investigacién Biomédica de
Cérdoba (IMIBIC), curso 2020/2021, 2021/2022, 2022/2023.
e Realizacién de cursos de formacion complementaria de caracter transversal y/o
especializados:
o Formacion doctoral en Investigacion: bases tedricas. Universidad de
Cérdoba. 75h, 3 ECTS.
o Buenas practicas en el laboratorio. IAVANTE. 29h, 6.09 créditos CFC.
o Aplicaciones de la Inmunohistoquimica para la investigacion. Universidad
de Cordoba. 12h.
o Curso Meta-analisis y Revisiones sistematicas: Toma de decisiones
basadas en la evidencia. Servicio Andaluz de Salud. 50h, 8.78 CFC.
e Asistencia al Congreso Internacional de Investigacion en salud y envejecimiento.
o Poster "Comparison of anthropometric indices for predicting the risk of
metabolic syndrome™.
o Pdster "Association between metabolic syndrome and uric acid:
Systematic review and meta-analysis".
e Jornada Formativa sobre el Doctorado en la Universidad de Cérdoba.
e | Jornada para el Fomento de la Internacionalizacion del Programa de Doctorado
en Biomedicina.
e Xl Leccion Conmemorativa Maimonides y premios IMIBIC 2021.
e IX Congreso Cientifico de Investigadores en Formacion. Nuevos desafios, nuevas
oportunidades.
e Sesién "Estudios estructura-funcion en proteinas clave en Enfermedad
Cardiovascular". 0,2 creditos CFC.
e Actividad de movilidad complementaria para la formacion especifica. Realizada
del 25 al 28 de abril de 2022 con una duracion de 30h en la Facultad de
Enfermeria, Universidad Islas Baleares (UIB);

o Colaboracion en la realizacion del trabajo de campo del proyecto de
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investigacion del Fondo de Investigacion Sanitaria (FIS) P113/01477
titulado "Evaluacion de la eficacia de una intervencion multifactorial
breve en el aumento de la adherencia a la prescripcion de ejercicio fisico
en pacientes con riesgo cardiovascular moderado o alto™.
o Asistencia a los seminarios de investigacion del Instituto de Investigacion
Sanitaria de les Illes Balears (1d1SBa).
o Imparticion de la sesion cientifica "Asociacion entre sindrome metabdlico
y variables proinflamatorias”.
Asistencia a las Jornadas de Jovenes Investigadores del IMIBIC, curso 2022/2023.
Jornada "Oligospain: un nuevo camino frente al oligodendroglioma”. 5h, 0.4
créditos.
Apoyo en Actividades Docentes
o Departamento de Enfermeria de la Facultad de Medicina y Enfermeria de
la Universidad de Cordoba. Asignaturas: Enfermeria Clinica y Cuidados
Criticos. 20h.
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