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RESUMEN

Introduccién: la Interleukina 6 (IL-6) se han convertido en uno de los principales focos de
investigacion en el estudio de las causas e interacciones que subyacen al desarrollo de multitud de
sindromes y enfermedades asi como de los procesos relacionados con el envejecimiento, todos ellos
teniendo como caracteristica comtn un mayor estado de inflamacion. El ejercicio ha evidenciado ser
una potente herramienta para la mejora de la salud de las personas tanto sanas como afectadas por
determinadas enfermedades. Objetivos: el proposito de este compendio de articulos es estudiar las
interrelaciones que se producen entre el ejercicio y la IL-6 en personas con un estado de inflamacion
alterado, profundizando en el analisis de las carateristicas del ejercicio y sus consecuencias sobre loos
niveles de [L-6. Metodologia: Hemos realizado dos revisiones con dos poblaciones diferentes que se
caracterizan por un estado alterado de inflamacion sistémica y un experimento de campo en el que
corroborar los datos extraidos de las revisiones y observar si los resultados de los tests de saliva se
pueden extrapolar a los resultados obtenidos con los tests sanguineos. Resultados: El ejercicio es
capaz de modular los niveles de IL-6 en personas con un estado de inflamacion alterado como es en
la Esquizofrenia y en el deterioro que se produce en el proceso de envejecimiento. La variacion de
los pardmetros del ejercicio utilizado para estimular a las personas provoca efectos diferentes en los
niveles plasmaticos de IL-6 dando lugar a efectos agudos o cronicos que producen adaptaciones
diferentes. Los resultados de los tests de saliva muestran una correlacion significativa y positiva entre
el nimero de criterios de fragilidad cumplidos con lo niveles de I1L-6 (=0,26; p=0,025, Spearman) y
una correlacion negativa entre los criterios especificos de actividad fisica (r=-0,31; p=0,007,
Spearman). También se observan diferencias significativas entre los individuos robustos y fragiles en
la concentracion de IL-6 salival (p< 0,043, prueba de Kruskal-Wallis). Conclusion: El ejercicio es
un potencial tratamiento para la prevencion y desaceleracion del desarrollo de ciertas enfermedades
y sindromes caracterizados por un estado de inflamacion alterado. Los tests de saliva es una potencial
herramienta diagnodstica para el control de los niveles de IL-6 por su valor ecoldgico, por su

accesibilidad econdmica y por su sencilla utilizacion.



ABSTRACT

Introduction: Interleukin-6 (IL-6) has become one of the main focuses of research in the study
of the causes and interactions underlying the development of a multitude of syndromes and diseases
as well as processes related to aging, all of them having as a common characteristic an increased state
of inflammation. Exercise has proven to be a powerful tool for improving the health of both healthy
people and those affected by certain diseases. Objectives: the purpose of this compendium of articles
is to study the interrelationships that occur between exercise and IL-6 in people with an altered state
of inflammation, deepening the analysis of the characteristics of exercise and its consequences on IL-
6 levels. Methodology: We have carried out two reviews with two different populations characterized
by an altered state of systemic inflammation and a field experiment to corroborate the data extracted
from the reviews and to observe whether the results of the saliva tests can be extrapolated to the
results obtained with the blood tests. Results: Exercise is able to modulate IL-6 levels in people with
an altered inflammatory state such as in schizophrenia and in the deterioration that occurs in the aging
process. The variation of the exercise parameters used to stimulate people causes different effects on
the plasma levels of IL-6 giving rise to acute or chronic effects that produce different adaptations.
The results of the saliva tests show a significant positive correlation between the number of frailty
criteria met and 1L-6 levels (r=0.26; p=0.025, Spearman) and a negative correlation between specific
physical activity criteria (r=-0.31; p=0.007, Spearman). Significant differences are also observed
between robust and frail individuals in salivary IL-6 concentration (p<<0.043, Kruskal-Wallis test).
Conclusion: Exercise is a potential treatment for the prevention and deceleration of the development
of certain diseases and syndromes characterized by an altered inflammatory state. Saliva testing is a
potential diagnostic tool for the control of IL-6 levels because of its ecological value, economic

accessibility and ease of use.



RESUM

Introduccié: la Interleukina 6 (IL-6) s'han convertit en un dels principals focus d'investigacio
en l'estudi de les causes i interaccions que subjauen al desenvolupament de multitud de sindromes i
malalties aixi com dels processos relacionats amb l'envelliment, tots ells tenint com a caracteristica
comuna un major estat d'inflamacio. L'exercici ha evidenciat ser una potent eina per a la millora de
la salut de les persones tant sanes com afectades per determinades malalties. Objectius: el proposit
d'aquest compendi d'articles és estudiar les interrelacions que es produeixen entre l'exercici i la IL-6
en persones amb un estat d'inflamacio alterat, aprofundint en l'analisi de les caracteristiques de
l'exercici i les seues conseqiiéncies sobre loos nivells de IL-6. Metodologia: Hem realitzat dues
revisions amb dues poblacions diferents que es caracteritzen per un estat alterat d'inflamaci6 sistémica
i un experiment de camp en el qual corroborar les dades extretes de les revisions i observar si els
resultats dels tests de saliva es poden extrapolar als resultats obtinguts amb els tests sanguinis.
Resultats: L'exercici és capa¢ de modular els nivells de IL-6 en persones amb un estat d'inflamacié
alterat com és en 1'Esquizofrénia i en la deterioracioé que es produeix en el procés d'envelliment. La
variacio dels parametres de l'exercici utilitzat per a estimular a les persones provoca efectes diferents
en els nivells plasmatics de IL-6 donant lloc a efectes aguts o cronics que produeixen adaptacions
diferents. Els resultats dels tests de saliva mostren una correlacié significativa i positiva entre el
nombre de criteris de fragilitat complits amb I'anivelles de IL-6 (=0,26; p=0,025, Spearman) i una
correlacid negativa entre els criteris especifics d'activitat fisica (r=-0,31; p=0,007, Spearman). Tamb¢
s'observen diferéncies significatives entre els individus robustos i fragils en la concentracié de IL-6
salival (p< 0,043, prova de Kruskal-Wallis). Conclusié: L'exercici €s un potencial tractament per a
la prevencio i desacceleracio del desenvolupament d'unes certes malalties i sindromes caracteritzades
per un estat d'inflamaci6 alterat. Els tests de saliva és una potencial eina diagnostica per al control
dels nivells de *IL-6 pel seu valor ecologic, per la seua accessibilitat economica i per la seua senzilla

utilitzacio.
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0. INTRODUCCION

La tesis que vamos a exponer se presenta como compendio de tres articulos, dos de ellos son
revisiones bibliograficas y el tercero es un trabajo de campo. Atendiendo a la normativa especificada
por la Escola de Doctorat de la Universitat de Valéncia para este tipo de tesis doctoral, procederemos
a presentar un resumen global de la temdatica enmarcado en el marco tedrico del documento, de los
principales resultados obtenidos y de las conclusiones.

Esta tesis profundiza en las interacciones existententes entre la IL-6 y el ejercicio fisico,
centrandose en los posibles efectos que el ejercicio tiene sobre los niveles de IL-6 y las consecuencias
sobre la salud de las personas.

Actualmente el sistema inmune y, concretamente, la Interleukina 6 (IL-6) se han convertido en
uno de los principales focos de investigacion en el estudio de las causas e interacciones que subyacen
al desarrollo de multitud de sindromes y enfermedades, asi como de los procesos relacionados con el
envejecimiento.

Estando interesados en estas investigaciones y siendo conocedores de la multitud de beneficios
que la literatura cientifica otorga a la pactica de ejercicio fisico tanto en poblacion adulta como en
poblaciones con desarrollo de diferentes enfermedades, quisimos profundizar en el estudio de las
posibles interacciones y relaciones entre la IL-6 y el ejercicio fisico con el objetivo de investigar si
la practica de ejercicio fisico podria influir sobre los niveles sistémicos de IL-6 y, en consecuencia,
sobre los procesos inflamatorios desadaptativos que se dan en ciertas poblaciones.

En un primer momento, teniendo en cuenta que nos surgio la posibilidad de llevar a cabo un
proyecto en comun con un centro de referencia especializado en la atencion de personas con
Esquizofrenia, y siendo conocedores de que uno de los mecanismos que podria subyacer al desarrollo
de la Esquizofrenia son las complejas interacciones entre el sistema inmune y el sistema nervioso,
realizamos una revision para conocer los efectos que el ejercicio tiene tanto en los niveles de IL-6
como en el rendimiento cognitivo de esta poblacion. Las evidencias actuales, apoyadas por los
estudios genéticos, relacionan este desorden con un desequilibrio de las citokinas y, en consecuencia,
una desregulacion a la alta de los procesos inflamatorios, estando la IL-6 en el foco de muchas de
estas investigaciones. También quisimos introducir la variable rendimiento cognitivo por la
importancia que los déficits cognitivos tienen en esta enfermedad y porque existe evidencia de que
niveles de IL-6 se relacionan con el rendimiento en diferentes funciones cognitivas.

Una vez realizada la revision y dispuestos a ejecutar el estudio de campo, no se pudo llevar a

cabo por las dificultades con el acceso a la muestra y principalmente con la recogida de medidas en
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los diferentes momentos propuestos por el disefio del estudio. Asi que decidimos realizar una nueva
revision en personas mayores ya que disponiamos de facilidades para acceder a una muestra de esta
poblacion. El envejecimiento esta asociado a una considerable pérdida de las funciones motoras y a
un progresivo descenso de las capacidades de aprendizaje, de memoria y de las funciones cognitivas
en general. Actualmente se conoce que los valores basales de IL-6 en personas mayores sedentarias
son mas altos que en personas que realizan actividad fisica habitual. De este modo, en esta segunda
revision profundizamos en las relaciones que el ejercicio fisico tiene sobre el sistema inmune, y sobre
la IL-6 en particular, a través de los diferentes protocolos de ejercicio fisico que se estan utilizando y
los efectos que provocan en personas mayores.

Finalmente, realizamos el estudio de campo en personas mayores a las que realizamos medidas
tanto de los niveles de IL-6 como de los criterios de fagilidad de Fried. La fragilidad es un sindrome
clinico relacionado con la edad en el que la inflamacion tiene un papel fundamental. Existen
numerosas investigaciones que, mediante el andlisis de muestras sanguineas, indican que el
incremento de los niveles de ciertos marcadores inflamatorios como la IL-6 estdn asociados a la
fragilidad. Teniendo en cuenta estos resultados/asociacion, en este estudio de campo quisimos
observar, mediante la recogida y analisis de muestras salivares, la relacion entre los niveles de IL-6 y
la fragilidad, y mas concetamente la relacion entre los niveles de IL-6 y el criterio de actividad fisica
de Fried. Los tests de saliva ya se habian utilizado en otros sindromes inflamatorios pero no en
personas con fragilidad y nos parecia interesante tanto la utilizacion de este tipo de tests por su valor
ecologico y por no ser invasivo, como comprobar si los resultados eran similares a los encontrados

en investigaciones que analizaban muestras sanguineas.
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1. MARCO TEORICO

1.1.IL-6

La interleukina-6 (IL-6) pertenece a la familia de las citokinas neuropoyéticas cuyos
miembros tienen un peso molecular de 21 kDa en su forma no glicosilada [1]. El gen IL6
contiene cuatro intrones y cinco exones y esta ubicado en el cromosoma 7p21 en el genoma
humano. La citoquina es sintetizada por una variedad de células que incluyen monocitos,
fibroblastos, células endoteliales y varios tipos de células del sistema nervioso central (SNC),
y su concentracion es modulada por numerosos factores que incluyen agentes
proinflamatorios, patdgenos virales y bacterianos, neurotransmisores, y segundos
mensajeros [2]. La regulacion compleja de la expresion del gen IL-6 es proporcionada por
diferentes sitios de union para factores de transcripcion, incluidos los del factor nuclear KB
(NF-KB), el factor nuclear-IL-6 (NF-IL-6) y la proteina activadora i, y dos elementos sensibles
a glucocorticoides (GRE 1 y GRE2) [3]. Bajo condiciones fisioldgicas, los niveles de IL-6 en
el SNC son bajos, mientras que sus niveles aumentan durante la lesién cerebral, la
inflamacion y la enfermedad. Otra causa que conduce a un aumento en la concentracion de
IL-6 en el cerebro es la entrada neta desde la sangre al parénquima cerebral que conduce a
un eventual aumento en la produccion central de citoquinas inflamatorias [4].

La IL-6, ademas, esta implicada en la regulacion del metabolismo energético [5]. Los niveles
circulantes elevados de IL-6 influyen tanto en la homeostasis de la glucosa [6] como en el
metabolismo de los lipidos [7]. Si bien los efectos de la IL-6 en la homeostasis de la glucosa son
contradictorios [8], existe un mayor consenso con respecto a su papel en la regulacion del
metabolismo de los lipidos. La infusion de IL-6 en individuos sanos estimula la lipdlisis y la oxidacion
de acidos grasos [9]. Los estudios in vitro de adipocitos y miotubos han confirmado los efectos de la
IL-6 sobre la lipolisis y la oxidacion de acidos grasos, y la evidencia muestra que la IL-6 induce estos
efectos al aumentar la proteina quinasa activada por AMP (AMPK) [10]. Estudios en roedores apoyan
un efecto regulador de la IL-6 sobre la masa de tejido adiposo. Los ratones knockout para IL-6 de
cuerpo entero desarrollan obesidad de inicio maduro y un aumento general de la masa grasa, un

fenotipo parcialmente revertido por la inyeccion de IL-6 [5].



Se ha demostrado que los niveles de citokinas varian a lo largo de la vida asi como el balance
entre citokinas antiinflamatorias y proinflamatorias [11], sugiriendo que la elevada produccion de
citokinas inflamatorias y el descenso de los niveles de citokinas antiinflamatorias incrementan la
respuesta inflamatoria central perjudicando la plasticidad sindptica [12] y, en consecuencia,
empeorando el rendimiento cognitivo que se asocia al envejecimiento y a determinadas
enfermedades. De esta forma, ya se asocian algunos biomarcadores inflamatorios como predictores
del declive cognitivo [11].

En el adecuado balance entre citokinas antiinflamatorias y proinflamatorias, parece que tiene un
papel relevante la IL-6, citokina que da lugar a respuestas tanto proinflamatorias como
antiinflamatorias en funcion de sus niveles [13], y que es capaz de atravesar la barrera sanguinea
cerebral y modular los procesos inflamatorios centrales dando lugar, si los niveles son elevados, a un
incremento de la neurodegeneracion e influenciando negativamente en las funciones cognitivas [14].

Actualmente son numerosos los estudios en los que existe evidencia a cerca del protagonismo
que tiene la IL-6 en los procesos inflamatorios a través de los cuales el sistema inmune interrelaciona
con el sistema nervios central [5].Se ha observado que los niveles de IL-6 incrementan con la edad y
que unos niveles altos se asocian con el declive cognitivo que se produce en la vejez [15-17]. Se ha
observado/analizado/contemplado que la IL-6 correlaciona de forma inversa con el volumen de
sustancia gris del hipocampo [18] y con el nivel de integridad de la sustancia blanca del cerebro [14].
Estas interacciones de la IL-6 con el SNC seria uno de los mecanismos mediante el cual el sistema
inmune influye tanto en el rendimiento de las funciones cognitivas como en la neurodegeneracion y
funcionalidad cognitiva.

Existen evidencias de que altos niveles de IL-6 periférico afectan negativamente a la memoria y
al aprendizaje [18], asocidndose a un pobre rendimiento cognitivo en general [19] y que el
rendimiento en tareas cognitivas desciende en procesos agudos inflamatorios en los que se aumentan
los niveles de IL-6 [20]. Por otro lado, se ha constatado que mediadores inflamatorios periféricos
como la IL-6 son capaces de atravesar la barrera sanguinea cerebral y modular los procesos
inflamatorios centrales dando lugar a un incremento de la neurodegeneracion e influenciando
negativamente en las funciones cognitivas [14]. Concretamente se ha observado que mayores niveles
basales de la citokina IL-6 aumentan el riesgo de futuro descenso cognitivo relacionado con la edad
[21,22].

También se ha observado un incremento de IL-6 en enfermedades caracterizadas por una
disminucién cognitiva o demencia asi como en desordenes depresivos [23], de forma que se considera

que tener unos bajos niveles de IL-6 podria reducir el riesgo de desarrollar una enfermedad



neurodegenerativa [24]. Las tltimas revisiones indican que los altos niveles de inflamacion y de IL-
6 se relacionan con los sintomas negativos de diferentes enfermedades como la Esquizofrenia [25].
Respecto a los efectos que los niveles de IL-6 provocan, a pesar de que la mayoria de estudios
hablan de los efectos negativos que tiene su incremento [23] y de sus propiedades proinflamatorias,
varios estudios sugieren que el aumento moderado de los niveles provocados por el ejercicio podria
dar lugar a una respuesta antiinflamatoria inhibiendo la produccion de otras citokinas
proinflamatorias como la IL-1b y TNFa, reduciendo los niveles de inflamacion y desarrollando un

efecto neuroprotector [26].

1.2. EJERCICIO FiSICO

Teniendo en cuenta las evidencias de la literatura cientifica, estd ampliamente corroborado que
el ejercicio tiene numerosos efectos beneficiosos sobre el sistema nervioso central, de forma que
ejerce/realiza/desempena tanto un efecto neuroprotector retrasando y decelerando el descenso del
rendimiento cognitivo que se produce por la edad y en determinadas enfermedades asi como
mejorando y optimizando diferentes funciones cognitivas como el aprendizaje, la memoria o las
funciones ejecutivas [27].

Siguen habiendo muchas cuestiones sin resolver sobre los mecanismos concretos a través de los
cuales el ejercicio da lugar a estos efectos beneficios sobre el sistema cognitivo [25], pero existe cada
vez mayor evidencia acerca de que el sistema inmune participa de forma predominante. Firth et al,
en 2017 [28], concluyeron que los beneficios que el ejercicio tiene sobre la Esquizofrenia se deben a
cambios estructurales cerebrales mediados por el sistema inmune. Para que estos efectos beneficiosos
que provoca el sistema inmune se produzcan es fundamental un buen balance entre citokinas
proinflamatorias y antiinflamatorias consiguiendo modular y consolidar la reorganizacion de redes
neuronales [29]. Y en este adecuado balance entre citokinas antiinflamatorias y proinflamatorias,
tiene un papel relevante la IL-6 [13].

Ya son numerosos los estudios que han revelado un efecto antiinflamatorio consecuente al
gjercicio que potencia efectos positivos sobre la neuroplasticidad [12]. En consecuencia, empieza a
considerarse al ejercicio como un desacelerador de la edad biologica. El ejercicio fisico, como
estimulo estresor, induce diferentes respuestas inmunes asociadas a la produccion de interleukinas
elicitando una respuesta antiinflamatoria a través de la inflamacion. También existe evidencia que
demuestra que el ejercicio fisico estd asociado con una reduccion sistémica de la inflamacion [24]. El

buen balance entre citokinas antiinflamatorias y proinflamatorias podria ser uno de los mecanismos



a través del cual el ejercicio ejerceria sus efectos inmunoprotectores e inmunoregulatorios. Los
nuevos estudios genéticos sugieren que estos efectos del ejercicio estarian relacionados con una
regulacion a la alta de los genes involucrados en la produccion de leucocitos y en la regulacion a la
baja de la inflamacion [30].

Estudiar el tipo de ejercicio realizado y profundizar en las variables de dicho ejercicio puede
ayudarnos a descubrir biomarcadores y moléculas terapéuticas que podrian ser la base de numerosos
trastornos relacionados con la inactividad fisica. Sin embargo, es dificil diseccionar los mecanismos
subyacentes a los cambios inducidos por el ejercicio, ya que el ejercicio es un proceso muy complejo
que involucra simultaneamente respuestas integradoras y adaptativas en multiples tejidos y 6rganos
a nivel celular y sistémico.

Se han realizado muchos estudios utilizando diferentes tipos de ejercicios y diferentes métodos
en sus protocolos de actuacion. Algunos estudios utilizan protocolos de ejercicio aerobico que estan
disefiados para mejorar la resistencia cardiorrespiratoria al aumentar el esfuerzo metabdlico, lo que
requiere un esfuerzo de respiracion, frecuencia cardiaca y flujo sanguineo para igualar la intensidad
del esfuerzo. Estos protocolos de ejercicio aerdbico se desarrollan a través de una actividad que
involucra la integracion de grandes grupos musculares, como en la propulsion ritmica de la masa
corporal durante movimientos de diferentes intensidades (por ejemplo, caminar, trotar o correr) o
actividades de menor impacto mecanico (p. €j., natacion o ciclismo) [31]. Por otro lado, hay otros
estudios que utilizan protocolos de Entrenamiento de resistencia, que se realiza para mejorar la fuerza
muscular y la resistencia muscular y se refiere a un método especializado de acondicionamiento
muscular que normalmente requiere una variedad de equipos, como pesas libres, maquinas de pesas,
elasticos. bandas y/o ejercicios de peso corporal. El ejercicio de resistencia se diferencia del ejercicio
aerdbico en que se centra en sobrecargar repetidamente los musculos durante las contracciones
estaticas, isométricas o dinamicas, lo que provoca una conexion mas estrecha y fuerte entre la
musculatura y el sistema nervioso [32].

Pese al gran esfuerzo de las tultimas décadas por dilucidar los mecanismos celulares y
moleculares del ejercicio agudo y crénico, la mayor parte de la biologia del ejercicio sigue siendo
poco conocida.

Actualmente comienzan a aparecer estudios que indican que parametros del ejercicio como la
intensidad y duracién son importantes para que la regulacion de citokinas sea la adecuada para
provocar una respuesta antiinflamatoria que origine el efecto protector, tanto en personas sanas como
en personas con diferentes patologias [30].La intensidad y la duracion del ejercicio estan asociados a
diferentes vias de utilizacion de la energia para realizar el ejercicio propuesto. Si el ejercicio se realiza

a una intensidad baja o moderada, la glucosa derivada del higado o de la ingestion oral, y acidos



grasos libres de tejido adiposo proporciona principalmente el combustible necesario para el musculo
esquelético. Si la intensidad del ejercicio es aumentada, la contribucion de los acidos grasos libres de
tejido adiposo circulantes es modestamente disminuido mientras que el uso de la glucosa circulante
es ampliamente regulado al alza. Si el ejercicio es continuado durante mas de una hora a una
intensidad fija, el uso de la energia de la oxidacion de lipidos se inclina. De esta forma, la variacion
en la intensidad y duracion del ejercicio, pueden afectar a los niveles de glucosa intramuscular y
sanguinea [26].

A pesar de los estudios realizados con diferentes protocolos tanto aerdbicos como de
entrenamiento de resistencia y de la profunda investigacion entorno a los parametros del ejercicio de
intensidad y duracion, las respuestas siguen siendo complejas. Anatomicamente, el musculo
esquelético es el 6rgano mas grande que constituye alrededor del 40% de la masa corporal total y, por
lo tanto, desempefia un papel importante en la regulacion del metabolismo. Junto con los efectos
locales del musculo esquelético sobre el metabolismo, recientemente se ha descubierto que, al igual
que los adipocitos, el misculo esquelético es un organo secretor responsable de la produccion de
varios cientos de péptidos clasificados como 'miokinas' [33].

El descubrimiento de las miokinas ha abierto una nueva puerta para entender la biologia del
gjercicio, aportando evidencia de que los musculos son capaces de comunicarse con otros 6rganos,

como el hueso, el higado, el tejido adiposo, el cerebro, etc. [26].

1.3. FRAGILIDAD

El envejecimiento, ademds de estar asociado a una considerable pérdida de las funciones
motoras, también cursa con un progresivo descenso de las capacidades de aprendizaje, de memoria y
de las funciones cognitivas en general [34,35]. Existen numerosos modelos que tratan de analizar
todos los factores que llevan a este declive congnitivo y motor mostrando la importancia tanto de
variables extrinsecas (estres psicoldgico, polucion, nivel de sedentarismo, etc.) como de variables
intrinsecas (genética, neurotrasmisores, etc.) [36], dando explicacion a la neurodegeneracion y al
declive de las funciones cognitivas que se produce en la vejez [37]. Uno de los factores que
actualmente mas se estan estudiando es la interaccion entre el sistema inmune y los procesos
inflamatorios con el desarrollo de la vejez, generalmente conocido como "inflamm-aging" [38].
Relacionado con este proceso de inflamacion y deterioro, actualmente se estan realizando numerosas

investigaciones sobre el sindrome de fragilidad [39-41].



La fragilidad es un sindrome clinico crucial relacionado con la edad que se define cominmente
como un estado de mayor vulnerabilidad a los factores estresantes externos y se produce como
consecuencia del deterioro acumulativo de muchos sistemas fisiologicos a lo largo de la vida [42].
Este sindrome describe el deterioro fisico y funcional que ocurre como consecuencia de ciertas
enfermedades (p. €j., cancer, infeccion cronica, etc.) pero que también puede ocurrir en ausencia de
enfermedad [43]. En los ultimos afos, la fragilidad ha sido reconocida como una prioridad de salud
publica emergente y la necesidad de un reconocimiento e intervencion tempranos es apremiante [44].
Esto se debe a que es ampliamente aceptado como un tema critico para el envejecimiento de la
poblacion en todo el mundo, ya que es relevante para multiples resultados adversos, como la
hospitalizacion, la institucionalizacion y la mortalidad prematura [45]. Atin no se ha alcanzado una
definicion de fragilidad aceptada internacionalmente a pesar de la importancia de este sindrome
clinico. La definicion mas utilizada considera la fragilidad como un fenotipo que comprende cinco
indicadores (Fried, 2001) [46]:

1) Pérdida de peso. La pérdida de peso se definié como la pérdida no intencional de 4,5 kg o mas
en el ultimo afo.

2) Agotamiento autoinformado. Se indic6 agotamiento si los sujetos respondian positivamente a
alguna de las afirmaciones de la Escala de Depresion del Centro de Estudios Epidemiolégicos [47]:
"Senti que todo lo que hacia me costaba mucho esfuerzo al menos tres o cuatro dias a la semana" y
"Senti que no podia seguir haciendo cosas por lo menos tres o cuatro dias a la semana”, al referirse a
la semana anterior, o si el sujeto respondia “A menudo” o “La mayor parte del tiempo” a la pregunta
“;Con qué frecuencia en la Ultima semana ;Sientes que todo lo que hiciste fue un esfuerzo?”, que
también estd incluida en la escala de depresion del Centro de Estudios Epidemiologicos [48]. Se
estim6 que todos los criterios de agotamiento estaban presentes.

3) Actividad fisica (AF). La baja AF se cuantifico mediante la adaptacion espaiiola del
Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ) readaptado para mujeres
[49,50]. El MLTPAQ fue administrado por un entrevistador capacitado a quien se le proporcionaron
instrucciones precisas y una lista detallada de PA. Los participantes recibieron una lista de actividades
y se les pidié que marcaran las que habian realizado durante el ltimo afio. Para evitar en lo posible
el sesgo de memoria, se recopilaron primero las actividades realizadas en la Gltima semana, seguidas
de las realizadas en el tltimo mes, el ultimo trimestre y finalmente el ultimo afio, incluyendo siempre
los primeros periodos. Para fines de validacion se utilizo unicamente la informacion referente al
ultimo afio. A partir de este cuestionario se calcul6 el gasto total de energia en PA en el tiempo libre

(EEPA) y se utiliz6 para cuantificar la PA [51].
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4) Rendimiento motor lento. La lentitud se evalué mediante la prueba de velocidad de marcha
de 4-6 m, ajustada por sexo y altura segun los estandares de la Bateria Breve de Rendimiento Fisico
[52]. Se estim6 que una velocidad de marcha baja corresponde al peor quintil para sexo y talla del
grupo.

5) Debilidad. Para determinar la debilidad, se midio6 la fuerza con un dinamoémetro hidraulico
Jaymar, segin los estandares de las Poblaciones Hispanas Establecidas para los Estudios
Epidemiologicos del Adulto Mayor [53].

La fragilidad se diagnostica clinicamente por la presencia de tres o mas de estos indicadores y
esta precedida por una etapa prodromica conocida como prefragilidad, definida por tener uno o dos
indicadores [46].

Los cambios fisiopatologicos que subyacen y preceden a la fragilidad no se conocen claramente.
La etiologia de la fragilidad se ha asociado con cambios en varios sistemas fisiologicos, incluidos los
sistemas de inflamacion, coagulacion, hematologico y endocrino [54]. La inflamacion es uno de esos
posibles cambios fisiopatologicos que puede estar estrechamente relacionado con la fragilidad [55].
Las citoquinas proinflamatorias pueden influir en la fragilidad ya sea directamente, al promover la
degradacion de proteinas, o indirectamente al afectar importantes vias metabolicas [56]. Los
investigadores han informado que los niveles elevados de marcadores inflamatorios, como las
interleucinas-6 (IL-6), el factor de necrosis tumoral (TNF-) y la proteina C reactiva (PCR) estan
asociados con con una fuerza muscular reducida, mala actividad fisica, funcional, fragilidad y
mortalidad [57-59]. Esta bien establecido que la IL-6 es un biomarcador potencial de fragilidad, que
podria evaluarse como un objetivo para la intervencion [60], y se considera un marcador predictivo
de incidentes de fragilidad [61].

Por su facil aplicacion en la préctica clinica y su valor pronostico en las decisiones terapéuticas
de los médicos especialistas, la identificacion precoz de un estado de fragilidad es fundamental en los
adultos mayores. Los biomarcadores pueden ayudar a identificar a los pacientes que corren el riesgo
de volverse fragiles [62]. Los biomarcadores proporcionan indices objetivos y medibles para estados
normales y/o patogénicos, asi como respuestas a intervenciones terapéuticas [63]. Son utiles para
detectar cambios subclinicos que conducen a indicadores observables de fragilidad y probar
protocolos de intervencion para la fragilidad, ya que reflejan cambios en los procesos fisiologicos que
subyacen y/o se relacionan con la fragilidad [64].

Para comprender mejor la etiologia, el curso temporal y las consecuencias de los procesos
inflamatorios y desarrollar mejores intervenciones, se necesitan nuevos métodos para evaluar la
inflamacién que se puedan realizar en contextos ecoldgicos, a lo largo del tiempo y en multiples

momentos a lo largo del dia. [65]. La sangre ha sido el fluido biologico habitual en el que se miden
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muchos analitos con fines clinicos y de investigacion. Esto es razonable, porque la sangre es un fluido
sistémico que llega a todas las partes del cuerpo y puede influir en el comportamiento biologico de
los tejidos o, por otro lado, recibir y transportar componentes derivados de los tejidos que reflejan lo
que esta sucediendo en los tejidos corporales [66]. Aunque la deteccion de biomarcadores en suero y
sangre es una practica estandar, es deseable el uso de muestras no invasivas. Al estudiar otros
métodos, algunos autores informaron que la saliva es una herramienta de diagndstico potencial debido
a su facilidad de recoleccion y no invasividad [67]. La saliva humana contiene proteinas, péptidos,
hormonas y enzimas, cada uno de los cuales puede usarse facilmente para evaluar diferentes
enfermedades [68]. Se han identificado aproximadamente 1400-2000 proteinas en la saliva [69]. El
numero de proteinas en la saliva muestra su diversidad, y cada una de estas proteinas se puede utilizar
como una herramienta sencilla para evaluar la toxicidad, la infeccion y los niveles inmunoldgicos y
hormonales. La saliva humana representa imagenes de todo el cuerpo y también se conoce como el
“espejo del cuerpo”. Un biomarcador es una nanoproteina medible que se utiliza para predecir un
estado bioldgico [70]. Algunos estudios han analizado los niveles de IL-6 salival en pacientes no solo
con patologias orales comunes [71], sino también en enfermedades sistémicas como el sindrome de
ovario poliquistico [72], sindrome de dolor vesical, trastornos del suefio [73] y enfermedades
inflamatorias, pero se desconoce la diferencia entre los niveles salivales de IL-6 en pacientes con
sindrome de fragilidad.

Existe consenso sobre el papel de los niveles de IL-6 en sangre y su correlacion con la vejez, con
determinadas enfermedades degenerativas y con el sindrome de fragilidad en personas mayores.
También existe consenso sobre los numerosos efectos beneficiosos que el ejercicio tiene sobre el
sistema nervioso central y el sistema inmune, y mas concretamente sobre la IL-6. En la presente tesis,
se ha tratado de profundizar en las relaciones entre la IL-6, el ejercicio y los procesos inflamatorios
que se producen tanto en el curso del envejecimiento como en enfermedades degenerativas.
Propondremos estrategias de ejercicio concretas para afianzar los beneficios que éste tiene sobre los
niveles de IL-6 en funcion de los resultados obtenidos en las dos primeras revisiones y veremos la
utilidad del test de saliva como herramienta diagnostica del sindrome de Fragilidad ademas de la

relacion de éste con los niveles de IL-6 y con el ejercicio.
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El objetivo general planteado en la presente tesis fue estudiar las interrelaciones
existentes entre el ejercicio fisico y el sistema inmune y, mas concretamente, entre el ejercicio fisico
y la IL-6 para ver de qué forma el ejercicio fisico puede modular los niveles de esta interleukina,

alterada en determinadas circunstancias de desregulacion del sistema inmunitario.

Tratamos de dar respuesta a este objetivo general a través de los siguientes objetivos

especificos estudiados en los tres articulos publicados que comprenden la tesis:

e Conocer los efectos agudos y cronicos que el ejercicio fisico tiene sobre la IL-6 y profundizar
en las consecuencias que sobre esta ultima provoca la variacion de dicho ejercicio a través

de sus pardmetros de carga (intensidad y volumen).

e Revisar las implicaciones del sistema inmune y la IL-6 en el desarrollo y curso de

determinadas enfermedades o sindromes, asi como en poblaciones especiales.

e Conocer las consecuencias de la realizacion de ejercicio fisico en poblaciones que han
desarrollado alguna enfermedad o sindrome en el que el sistema inmune y la IL-6 estan

implicados.

e Analizar la viabilidad del test de saliva para conocer los niveles de IL-6 y comparar sus

resultados con los tests sanguineos.
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A continuacion presentamos los resultados acerca de las relaciones entre la [L-6, el ejercicio y los

procesos inflamatorios producidas en el envejecimiento y en las enfermedades degenerativas.

2. RESULTADOS

2.1. Resultados del primer articulo: The effects of exercise on IL-6 levels and cognitive

performance in patiens with schizophrenia.

En este articulo se realizaron busquedas en las bases de datos electronicas CINAHL, Scopus,
Web of Science, Embase, Cochrane Library y PubMed sin limite temporal inicial hasta noviembre de
2018 con los siguientes términos de busqueda de palabras clave: "esquizofrenia" y "ejercicio" o
"actividad fisica" y “IL-6”y “cognicion”. Esta primera biisqueda no nos mostr6 nigiin resultado, asi
que llevamos a cabo a continuacion dos busquedas independientes. Una primera busqueda
introduciendo las palabras claves "esquizofrenia" y "ejercicio" o "actividad fisica" y “IL-6”, y una
segunda busquda con las palabras claves "esquizofrenia" y "ejercicio" o "actividad fisica" y
“cognicion”. Finalmente, y debido a los pocos resultados obtenidos, realizamos otras dos busquedas
cuyas palabras clave fueron, por un lado "esquizofrenia" y "ejercicio” o "actividad fisica", y por otro
lado "esquizofrenia" y "IL-6". También se revisaron Google Scholar y las listas de referencias de los
articulos recuperados utilizando la estrategia de busqueda descrita anteriormente para identificar

cualquier publicacion adicional potencialmente relevante.

Esquizofrenia y ejercicio

Ejercicio en relacion con la cognicion

Ya hay mucha evidencia que sugiere que el ejercicio afecta la plasticidad cerebral al inducir la
neurogénesis y causar cambios estructurales [27]. El ejercicio juega un papel importante en la
alteracion metabolica, estructural y funcional de las conexiones cerebrales, y es un factor importante
en la plasticidad cerebral que puede ser protector contra el deterioro cognitivo resultante del
envejecimiento [12]. Estos efectos se reflejan en el funcionamiento cognitivo a nivel cerebral, tanto
en la mejora de diferentes funciones cognitivas como en la prevencion del deterioro cognitivo que se

produce a causa del envejecimiento (Figura 1).
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EFECTOS DEL EJERCICIO A NIVEL COGNITIVO
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Figura 1. Efectos del ejercicio a nivel cognitivo

El ejercicio tiene un papel potencial en la plasticidad cerebral que conduce a un efecto
neuroprotector en personas sanas y en pacientes con esquizofrenia. Este efecto neuroprotector tiene
consecuencias positivas en la mejora de las funciones cognitivas, en el retraso del deterioro cognitivo

y en la mejora de la sintomatologia de la esquizofrenia.

Se han observado mejoras en las funciones cognitivas principalmente en términos de memoria
(tareas de memoria implicita, memoria inmediata y reconocimiento), procesos de atencion y en
funciones ejecutivas [24]. También se ha demostrado un mejor rendimiento en tareas verbales,
perceptivas y aritméticas en niflos que realizan ejercicio regularmente en comparacion con nifios
sedentarios [74].

Como ya se mencionod, numerosos estudios han demostrado que el ejercicio previene el deterioro
cognitivo relacionado con la edad [75], reduce el riesgo de desarrollar demencia y ralentiza la
disminucion del deterioro de la funcion ejecutiva [76]. El efecto neuroprotector inducido por el
gjercicio también se ha observado en personas con demencia y discapacidad cognitiva [77],

reduciendo sus sintomas y mejorando las funciones cognitivas tanto en jovenes como en adultos [78].
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Esquizofrenia y ejercicio

En relacion con la esquizofrenia, los estudios actuales indican que el ejercicio puede reducir los
sintomas psiquiatricos y mejorar las funciones cognitivas en diferentes subdominios, como se informa
en la guia de la Asociacion Europea de Psiquiatria (EPA) [79]. Los beneficios del ejercicio para tratar
este trastorno estan relacionados con sus efectos a nivel del cerebro, y el efecto protector producido
en el hipocampo por el ejercicio es similar tanto en pacientes con esquizofrenia como en adultos sanos
[80] (Figura 1). Varios estudios diferentes han observado que estos cambios causados por el ejercicio
a nivel del cerebro mejoran tanto los sintomas positivos como negativos de la esquizofrenia. La
reduccion en la incidencia de sintomas negativos es especialmente relevante porque la medicacion
estandar es menos efectiva para tratarlos [78].

Ademas, hay evidencia de que el ejercicio también mejora el rendimiento en tareas que
involucran memoria de trabajo, velocidad de procesamiento y procesos atencionales [81].
Especificamente, la realizacion de actividad fisica ligera se correlaciond positivamente con el
rendimiento cognitivo, mientras que la actividad fisica moderada y vigorosa se asoci6 con una mejoria
en los sintomas de la esquizofrenia [82]. El mecanismo o mecanismos exactos que subyacen a esta
mejora cognitiva mediada por el ejercicio son actualmente desconocidos, pero varios estudios han

indicado que el sistema inmunoldgico como es probable que esté involucrado.

Esquizofrenia, ejercicio vy sistema inmunoldgico

El sistema inmune en relacion con la cognicion

Varios estudios han encontrado que el sistema inmune esta involucrado en la modulacion
homeostatica de la neurogénesis [83],0bservando que, entre otros mecanismos, la estimulacion de
citoquinas de nivel periférico altera varios neurotransmisores clave que optimizan la neurogénesis
[84].. El efecto positivo que tiene el sistema inmune en este contexto esta condicionado por complejas
interacciones entre las células cerebrales que realizan funciones inmunes y las neuronas a través de

neurotransmisores y citoquinas pro y antiinflamatorias [29].

Por lo tanto, estas mejoras resultaron en ganancias en los procesos de aprendizaje y memoria
[85] y produjeron una asociacion inversa entre los procesos inflamatorios y el rendimiento en el
razonamiento espacial, la memoria a corto plazo, el aprendizaje verbal y las pruebas de funcion
ejecutiva [14]. Muchos estudios sefialan que un equilibrio adecuado entre las citoquinas
proinflamatorias y antiinflamatorias subyace a estas mejoras en los procesos cognitivos al modular y

consolidar la reorganizacion de las redes neuronales [29].
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Sin embargo, también se ha demostrado que los niveles de citoquinas y el equilibrio entre las
citoquinas proinflamatorias y antiinflamatorias varian a lo largo de la vida de un individuo [11], /o
que sugiere que la produccion de altas cantidades de citoquinas inflamatorias y una disminucion en
los niveles antiinflamatorios, aumenta la respuesta inflamatoria central, dafiando la plasticidad
sinaptica [12] y, en consecuencia, también aumentar el empeoramiento del rendimiento cognitivo
asociado a la edad. Por lo tanto, ciertos biomarcadores inflamatorios ya se utilizan para predecir el

deterioro cognitivo [11].
El sistema inmunologico y la esquizofrenia

La inflamacion se considera actualmente un mecanismo potencial en el desarrollo y progresion
de la esquizofrenia [25]. Los pacientes con esquizofrenia tienen niveles aumentados de marcadores
de citoquinas inflamatorias y, mas especificamente, este aumento puede estar relacionado con los
sintomas negativos de la enfermedad [86]. Por lo tanto, un equilibrio inadecuado entre las citoquinas
proinflamatorias y antiinflamatorias causaria disfuncion del sistema inmunoldgico, deteriorando el

neurodesarrollo y desregulando la neurotransmision cerebral en pacientes con esquizofrenia [87].
El sistema inmunologico y el ejercicio

Mantener un buen equilibrio entre las citoquinas proinflamatorias y antiinflamatorias podria ser
uno de los mecanismos a través de los cuales el ejercicio ejerce sus efectos inmunoprotectores e
inmunorreguladores [88]. El ejercicio, como factor estresante, induce diferentes respuestas inmunes
asociadas con la produccion de interleucinas, provocando asi una respuesta antiinflamatoria a través
de la inflamacion [89]. Existe amplia evidencia de que el ejercicio se asocia con una reduccion

sistémica de la inflamacion [24].

Ademas, nuevos estudios genéticos sugieren que el ejercicio puede activar genes involucrados
en la produccion de leucocitos, asi como aquellos que regulan a la baja la inflamacion. Aunque este
mecanismo no se entiende del todo, comienzan a aparecer estudios que indican que parametros del
ejercicio como la intensidad y la duracion son factores importantes en la regulacion suficiente de las
citoquinas para inducir esta respuesta antiinflamatoria protectora tanto en individuos sanos como en
aquellos con diferentes patologias [30]. Sin embargo, la interaccion de multiples factores en el
sistema inmune hace que queden dudas sobre los mecanismos exactos que lo interrelacionan con la
esquizofrenia y el ejercicio, aunque recientemente han surgido trabajos que destacan un papel

importante para la IL-6 en este contexto.
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Esquizofrenia, ejercicio e IL-6

IL-6 y la cognicion

Numerosos estudios han publicado evidencia sobre el papel de la IL-6 en los procesos
inflamatorios que interconectan el sistema inmune con el sistema nervioso central (SNC). Los niveles
de IL-6 se correlacionan inversamente con el volumen de materia gris del hipocampo [18], asi como
con la integridad de la materia blanca en el cerebro [14]. Uno de los mecanismos por los cuales el
sistema inmune influye en el rendimiento de la funcién cognitiva, la neurodegeneracion y la

funcionalidad cognitiva, involucra las interacciones entre la [L-6 y el SNC (Figura 2).

EFECTOS DE LA IL-6 A NIVEL COGNITIVO
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Figura 2. Efectos de la IL-6 a nivel cognitivo.

La IL-6 tiene numerosos efectos en el sistema nervioso central (SNC). Estos efectos tienen
diferentes consecuencias en los pacientes con esquizofrenia. Con respecto a la funcion cognitiva,
existe evidencia de que los altos niveles de IL-6 periférica afectan negativamente la memoria y el
aprendizaje [18], se asocia con un rendimiento cognitivo generalmente deficiente [19], y que el
rendimiento cognitivo-tarea es menor en los procesos inflamatorios agudos que implican mayores
niveles de IL-6 [20]. También es importante que los mediadores inflamatorios periféricos como la
IL-6 puedan cruzar la barrera hematoencefalica y modular los procesos inflamatorios centrales, lo
que lleva a un aumento de la neurodegeneracion e influye negativamente en la funcion cognitiva [14].

Especificamente, la presencia de altos niveles basales de IL-6 aumenta el riesgo de deterioro cognitivo
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futuro relacionado con la edad [21,22]. El aumento de IL-6 también se ha observado en la demencia
y otras enfermedades caracterizadas por el deterioro cognitivo, asi como en los trastornos depresivos
[23]. Por lo tanto, la presencia de niveles bajos de IL-6 puede reducir el riesgo de desarrollar

enfermedades neurodegenerativas [24].

Sin embargo, a pesar de que la mayoria de los estudios discuten los efectos negativos de los
niveles elevados de IL-6, hay evidencia de que los niveles moderados de IL-6 también pueden tener

un efecto antiinflamatorio y protector [13].

IL-6 y esquizofrenia

Hay mucha evidencia en la literatura con respecto a la desregulacion del sistema inmunolégico
y la presencia de altos niveles de citoquinas proinflamatorias como la IL-6 en pacientes con
esquizofrenia [90]. Ademas, los altos niveles de IL-6 se asocian con la morfologia cerebral alterada
y la gravedad de la enfermedad [22], asi como con el deterioro cognitivo continuo [91] y la
disminucién de la atencion visual, la velocidad de procesamiento, la memoria de trabajo y la funcion
de control ejecutivo [92] observada a medida que progresa la esquizofrenia (Figura 2). Mirando mas
especificamente los diferentes sintomas de la esquizofrenia, parece que los altos niveles de

inflamacioén e IL-6 estan asociados con los sintomas negativos de la enfermedad [25].

1I-6 y ejercicio

El ejercicio induce un aumento en los niveles plasmaticos de diferentes citoquinas,
incluyendo IL-6 [93]. En el afio 2000, Steenberg et al. publicaron el primer estudio que muestra que
la actividad musculo-esquelética relacionada con el ejercicio aumenta los niveles plasmaticos de IL-
6 [94]. Los siguientes estudios mostraron que la magnitud de esta elevacion plasmatica de IL-6
derivada de la fibra muscular causada por el ejercicio se correlaciona con diferentes parametros como

la intensidad y la duracion de la actividad fisica [26].

Ademas del efecto agudo que el ejercicio tiene sobre el aumento de los niveles plasmaticos de
IL-6, diferentes estudios también han demostrado que con el tiempo, después de un protocol de
gjercicio prolongado, hace que los niveles basales de IL.-6 disminuyan [90]. Esta reduccion también
esta relacionada con la intensidad y la duracion del ejercicio fisico, asi como con otras variables como

los niveles de condicion fisica de los participantes del estudio [95]. Las personas que realizan ejercicio
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regular en su vida diaria muestran niveles basales mas bajos de IL-6 en comparacion con aquellos

que son sedentarios [94].

Aunque, como ya hemos mencionado, la mayoria de los estudios asocian la IL-6 con
respuestas proinflamatorias, numerosos estudios también han observado que el aumento agudo de los
niveles de IL-6 causado por el ejercicio da lugar a una respuesta antiinflamatoria al inhibir, por
ejemplo, la activacion de TNFoa (factor de necrosis tumoral alfa) cuya actividad es altamente
proinflamatoria [13] y estimulando la produccion de otras moléculas predominantemente

antiinflamatorias del sistema inmune [96].

2.2. Resultados del segundo articulo: The beneficial effect of physical exercise on inflamatory

markers in older individuals.

Para el trabajo de este articulo se realizaron busquedas en las bases de datos electronicas
CINAHL, Scopus, Web of Science, Embase, Cochrane Library y PubMed desde diciembre de 2009
hasta el 10 de diciembre de 2019 con los siguientes términos de busqueda de palabras clave:
"envejecimiento” o "personas mayores" y "ejercicio” o "actividad fisica". 'y 'marcador inflamatorio'.
Esto produjo informacién insuficiente y, por lo tanto, también realizamos cuatro busquedas mas
utilizando el marcador inflamatorio especifico (TNF-a, PCR, IL-6 e IL-10) como términos de
busqueda de palabras clave. También se revisaron Google Scholar y las listas de referencias de los
articulos recuperados utilizando la estrategia de busqueda descrita anteriormente para identificar
cualquier publicacion adicional potencialmente relevante.

Se identificaron 253 registros a través de la busqueda en la base de datos descrita anteriormente.
Sin embargo, con el objetivo de analizar articulos en los que se hayan descrito protocolos de ejercicio
aerobico asi como protocolos de ejercicio de fuerza en humanos, excluyendo articulos en animales,
muestra de pacientes con patologias y articulos sin descripcion del protocolo de ejercicio o en los que
se realice una combinacion de protocolos de ejercicio, finalmente analizamos 24 estudios. De ellos

obtuvimos lo descrito a continuacion:

El ejercicio de resistencia se distingue del ejercicio aerdbico en que se centra en sobrecargar
repetidamente los musculos durante las contracciones estaticas, isométricas o dinamicas, lo que hace

que las conexiones entre la musculatura y el sistema nervioso se vuelvan mas cercanas y fuertes [97].

Se encontré una amplia variedad de estudios que utilizaron diferentes tipos de programas de
gjercicio y protocolos de actividad. Algunos estudios utilizaron programas de ejercicio aerdbico
disefiados para mejorar la aptitud cardiorrespiratoria al aumentar el esfuerzo metabolico requerido
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para completar el ejercicio, lo que requiere que los participantes aumenten su frecuencia respiratoria,
frecuencia cardiaca y flujo sanguineo para que coincida con la intensidad del ejercicio. Estos
protocolos de ejercicio aerdbico implican actividades que requieren el uso de grandes grupos
musculares, como en la propulsion ritmica de masas corporales durante movimientos a diferentes
intensidades (por ejemplo, caminar, trotar o correr) o a través de actividades con un menor impacto
mecanico (por ejemplo, natacion o ciclismo). Otros estudios utilizaron protocolos de entrenamiento
de resistencia disefiados para mejorar la fuerza muscular y la resistencia a través de métodos
especializados de acondicionamiento muscular; estos normalmente involucraban algunos equipos de

gimnasio como pesas libres, maquinas de pesas, bandas elasticas y / o ejercicios de peso corporal.

La mayoria de los estudios analizaron los efectos del ejercicio fisico sobre la IL-6 en personas
mayores que utilizaron protocolos de ejercicio aerdbico [98-105,31,32]. Sin embargo, estos estudios
fueron heterogéneos e incluyeron poblaciones de entre 40 y 95 afios, utilizaron diferentes protocolos
de ejercicio aerdbico, duraron entre 2 y 12 meses, y se preformaron entre 2 y 5 veces por semana a
una intensidad de 45% a 80%. No obstante, los resultados obtenidos en estos diferentes estudios
generalmente mostraron que el ejercicio aerdbico regular disminuy6 la presencia de marcadores
inflamatorios como IL-6, TNF-a y PCR, y aument¢ la IL-10. Sin embargo, los resultados fueron muy
variables debido a la variacion en sus protocolos y criterios de inclusion, como también describieron

otros autores [106].

Curiosamente, actualmente se estan llevando a cabo mas estudios de ejercicio fisico con un
enfoque en el entrenamiento de fuerza en poblaciones de personas mayores de [52 a 65 afios]. En
cuanto a la IL-6, los resultados de los estudios que implementaron protocolos de entrenamiento de
fuerza fueron mas contradictorios que los de los estudios de ejercicio aerdbico. El entrenamiento de
fuerza tendid a producir un menor efecto cronico sobre IL-6, TNF-a, CRP e IL-10, mientras que
también resultd en un aumento agudo en los niveles de IL-6 [107,108]. Sin embargo, los estudios de
entrenamiento de fuerza se vieron limitados por el hecho de que incluyeron menos participantes (8 a
17 individuos) que los estudios de ejercicio aerdbico y porque sus caracteristicas también fueron muy
heterogéneas, tanto en términos de los ejercicios implementados como de su intensidad, los grupos
musculares involucrados, la duracion del protocolo (1-8 meses) y la frecuencia del ejercicio (2-3

veces por semana).

La Tabla 1 y la Tabla 2 incluyen informacion sobre el/los autor/es y el afio de publicacion de
los estudios analizados; la muestra investigada, con detalles de edad, tipo de ejercicio, ejercicio de
protocolo, tipo de respuesta; y finalmente, sus resultados con respecto a los niveles de marcadores

inflamatorios.
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Tabla 1. Resumen de los estudios incluidos en esta revision (Respuesta cronica)

Referencia Edad Aer (ejercicio Protocolo Resultados
aerébico)/RT
(entrenamiento de
resistencia)
[98] Irwin vy 59-86 Aer: Tai Chi Chih 40 min/sesion, 3 sesiones/semana 1L-6
Olmstead, 2012 durante 16 semanas; Intensidad moderada R
CRPU
[99] Tartibian et 50-65 Aer: Caminando 25-30 min/dia,3-4 dias/semana 1L-6
al., 2015 con 45-55% de HRmax durante las CRP
primeras 8 semanas; 40-45 min/dia,4-6 TNF-a
dias/semana con 55-65% hr durante las
ultimas 8 semanas
[100] Nishida et 65-85 Aer: ejercicio de 10-20 min/sesion, 3 veces/dia, y un IL-6 U
al., 2015 escalon de banco objetivo de 140 min/semana durante 12 TNE- aU
semanas; umbral de lactato
[31] Abdollahpour 50-74 Aer: ejercicio 50 min/dia, 3 dias/semana durante 1L-6
etal., 2016 aerobico 6 meses; 70-80% HRmax TNE- aU
[101] Nascimento 60-70 Aer: ejercicio 16 semanas 1L-6
etal., 2015 aerdbico
[32] El-Kader y 60-68 Aer: cinta de correr 40 min/sesion, 3 sesiones/semana 1L-6
Al-Jiffri, 2019 durante 6 meses. 60-80% HRmax IL-10 -
TNF- o
[102] Lee et al, 65-70 Aer: caminar en 40 min/sesion, 3 sesiones/semana 1L-6
2015 cinta de correr durante 8 semanas. 40-70% HRmax CRP
TNF- o
[103] Lima et al., 63-72 Aer: cinta de correr 20-30 min/sesion, 3 1L-6
2015 sesiones/semana durante 30 sesiones. 50— TNE- aU
80% HRmax
[104] Muscari et 65-71 Aer: cinta de correr 1h/sesién, 3 sesiones/semana CRP
al., 2010 durante 12 meses. 70% HRmax
[109] El-Kader et 60-67 RT: 9 maquinas de 9 ex; 3x8-12 rep. 60" res/set. 60- 1L-6
al., 2019 resistencia 80% RM IL-10 -
TNF- o
[110] Ihalainen et 65-75 RT: entrenamiento 7-9 ex, 2-5 x 4-12 repeticiones, 6 1L-6
al., 2019 de fuerza de cuerpo entero meses, 70-90% RM CRP
[111] Cao et al., 65 RT: 6 maquinas de 6 ex, 2-3 x 10-30 repeticiones, 6 CRP U
2019 resistencia semanas, 40-80% RM
[112] Cunha et 65-74 RT: 9 pesas libres de 9 ex, 1x15 repeticion, CRP
al., 2019 ejercicio 20min/sesion, 3  sesiones/semana 12
semanas
[113] Alikhani y 60-64 RT: 6 maquinas de 6 ex, 4x10 rep, lh/sesion, 3 TNE- aU
Sheikholeslami-Vatani, resistencia sesiones/semana, 12 semanas, 75% RM
2019
[114] Rodriguez- 68-70 RT: prensa de 3 ex; miembro inferior y pecho; 1L-6
Miguelez et al., 2014 piernas; banco de curl de | vigoroso; 3 x 08-12 Rep; 2x/semana, 8 CRP
biceps; cubierta de picoteo | semanas.
sentada
[115] Strandberg 66-70 RT: extension de la S ex; cuerpo entero; vigoroso; 3 x 1IL-6
etal., 2015 pierna 15 a 08 Rep; 2x/semana, 24 semanas. CRP
[116] Hagstrom et 46-60 RT: prensa de 8 ex; cuerpo entero; vigoroso; 3 x 1L-6
al., 2016 piernas 08-10 Rep; 3x/semana; 32 semanas. CRP ~
TNF- aU
[117] Nunes et al., 57-65 RT: extension de la 8 ex; cuerpo entero; vigoroso; 6 x 1IL-6
2016 pierna 08-12 Rep; 3x/semana, 16 semanas. TNE- aU
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(Continuacion Tabla 1)

Referencia Edad Aer (ejercicio Protocolo Resultados
aerébico)/RT
(entrenamiento de
resistencia)
[118] Tomeleri et 65-75 RT: prensa de 8 ex; cuerpo entero; moderado; 3 x IL-6
al., 2018 pecho; fila sentada; empuje 10-15RM, 3x/semana, 12 semanas. CRP |
del triceps; rizo predicador; TNE- ad
prensa horizontal de
piernas;  extension  de
rodilla; rizo de rodilla;
pantorrilla sentada
levantada
[119] Ogawa et al., 80-89 RT: bandas 4 ex,2x10 rep, 1 sesion/semana, 12 CRP{
2010 semanas 1L-6 &
TNEF- a&
[120] Marques et 62-73 RT: maquinas de 60 min/sesion, 3x8 repeticion, 3 CRP{
al., 2013 resistencia sesiones/semana, 32 semanas, 75-80% RM 1L-6 4
TNEF- a&
Tabla 2. Resumen de los estudios incluidos en esta revision (Respuesta aguda).
Referencia Edad Aer (ejercicio Protocolo Resultados
aerébico)/RT
(entrenamiento de
resistencia)
[107] Nascimento 60-74 RT: Ejercicio de 7 series de 10 repeticiones al 110% IL-6 48h después{
etal., 2016 resistencia excéntrica de 10 RM con un descanso de 3 min/set
[108] Gmiat et al., 40-45 RT: Entrenamiento 10 ejercicios, 30 segundos/ejercicio IL-6 48h después{
2017 en Circuito de Alta | con 10 segundos de descanso. 3 veces con
Intensidad un descanso de 2 min/tiempo
[105] Windsor et 67-77 Aer: ciclismo 24 min al 40% IL-6 48h después{
al., 2018 IL-10 &
TNF- g

2.3. Resultados del tercer articulo: Salivary I1-6 concentration is associated with frailty syndrome

in older individuals.

Finalmente, tras realizar dos articulos de revision de la literatura existente centrados en nuestro

objeto de estudio, se llevo a cabo el trabajo de campo con la recogida y analisis de muestras obtenidas

en poblacion anciana.

Para el estudio se reclutaron un total de 72 sujetos (84,7% mujeres). Se realizd un estudio

transversal con perfil residencial en 2019, entre personas mayores institucionalizadas residentes en

centros de larga estancia (GeroResidencias La Saleta) en la provincia de Valencia (Espafia). Los

criterios de exclusion fueron: demencia, enfermedad psiquiatrica grave (esquizofrenia, trastorno

bipolar, etc.) o ceguera; infecciones agudas o cancer conocido. Esta investigacion se recopilo de

acuerdo con los requisitos de la Declaracion de Helsinki, y todo el protocolo del estudio fue aprobado
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por el comité de ética local. Se obtuvo el consentimiento informado por escrito de todos los
participantes. Medimos las caracteristicas sociodemograficas y los cinco criterios de fragilidad
(pérdida de peso involuntaria, poca energia o agotamiento, movilidad lenta, debilidad muscular y
poca actividad fisica) segiin los criterios de fragilidad de Fried [5], y realizamos evaluaciones
geriatricas utilizando el Tinetti indice, prueba MMSE, escala de Yesavage, indice de Barthel y escala

de insomnio de Atenas (AIS) para estimar la gravedad del insomnio.

Se recogieron muestras de saliva de los pacientes descritos anteriormente en horario de mafana,
con al menos 2 horas de ayuno (entre 9-11 horas de la mafiana) utilizando el sistema Salivette ®
Cortisol (Sarstedt, Alemania). Se centrifugaron 100 pl de cada muestra y el sobrenadante se alicuoto
en tubos eppendorf y se congeld (-80°C) hasta su posterior analisis. Las muestras se llevaron a
temperatura ambiente y se realizo un andlisis ELISA de inmunoensayo utilizando el "High Sensitivity
Human Elisa Kit for IL-6 (AbCam ab46042) de acuerdo con las instrucciones del fabricante. Los
cambios en la intensidad del color y la absorbancia a 450 nm y 490 nm fueron se ley6 usando el lector
de microplacas ELISA, y se prepard una curva estandar trazando las lecturas de absorbancia de los

estandares contra sus concentraciones usando el programa Graphpad.

Vimos que el 5% de los pacientes eran robustos, el 54,9% prefragiles y el 36,6% fragiles. El criterio
de Fried mas comun en la muestra fue la mala actividad fisica (75%) seguida de la velocidad de
caminata lenta (68.1%), agotamiento (29.2%), debilidad (22.5%) y pérdida de peso (8.3%). Las
evaluaciones psicogeriatricas se muestran en la Tabla 3.

Tabla 3. Caracteristicas de la muestra de estudio

Categoria Valor medio Gama
Edad (afios) 83,3+6,9 66-99
Escala de Yesavage (sintomas depresivos) 35£3,2 0-11
Escala de insomnio de Atenas 46+4 0-16
Indice de Barthel (actividades basicas de la vida 74,1 £22 25-100
cotidiana)
Indice de balance de Tinetti 10,5+ 3,6 1-16
Indice de marcha de Tinetti 8,0+2,8 0-12
Criterios de fragilidad 0 criterios=6 individuos

1 criterio=18 individuos
2 criterios=22 individuos
3 criterios=19 individuos
4 criterios=7 individuos
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La media = desviacion estandar y el rango para cada valor/escala. La evaluacion geriatrica se
evalu6 mediante escalas validadas: tinetti de marcha e indice de equilibrio para determinar el riesgo
de caidas, valoracion del deterioro cognitivo mediante el mini-mental (MMSE), escala de Yessavage
para la depresion geriatrica, indice de Barthel para medir las actividades de la vida diaria y la

movilidad, Escala de insomnio de Atenas (AIS) para estimar la gravedad del insomnio.

Tambiéen evaluamos la relacion entre la concentracion salival de IL-6 y las escalas geriatricas
y los criterios de fragilidad. Se observo que la IL-6 no se asocio significativamente con ninguna de
las escalas de evaluacion geriatrica (indice de marcha de Tinetti: r = 0,18; p = 0,12; Indice de
equilibrio de Tinetti: r = 0,22; p = 0,064, Spearman); Indice de Barthel para medir las actividades de
la vida diaria y la movilidad (r = 0,91; p = 0,44, Spearman); mini- mental (MMSE) para el deterioro
cognitivo (r = -0,15; p = 0,20); Escala de Yesavage para la depresion geriatrica (r =-0,23; p = 0,08,
Spearman); o la Escala de Insomnio de Atenas para la gravedad del insomnio (r = 0,17; p = 0,14,
Spearman). Y tampoco se observaron correlaciones significativas entre el recuento de IL-6 y el
agotamiento autoinformado (r = 0,23; p = 0,848, Spearman), la fuerza de agarre de la mano (r=0,13;

p = 0,280, Spearman) o el rendimiento motor lento (r = 0,13; p = 0,267, Spearman).

Sin embargo, hubo una correlacion significativa y positiva entre el nimero de criterios de
fragilidad cumplidos con lo niveles de IL-6 (r=0,26; p=0,025, Spearman) (Fig. 3A) y una correlacion

negativa entre los criterios especificos de actividad fisica (r=-0,31; p=0,007, Spearman)(Fig.3B)

No hubo diferencias significativas (p=0,07, Kruskal-Wallis) para el recuento de IL-6 entre los
diferentes niveles de fragilidad, pero si se establecieron diferencias significativas entre los valores de

IL-6 y el sexo (p=0,496, U-Mann Whitney) y la edad (= -0,053; p=0,658).
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Figura 3. Correlacion entre la IL-6 y la puntuacion de Fried y la actividad fisica. (A) Correlacion entre
la concentracion de IL-6 en la saliva y la puntuacion de fragilidad. (B) Correlacion entre la concentracion de
IL-6 en la saliva y el gasto energético total de PA en tiempo libre (EEPA).
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Hubo diferencias significativas entre los individuos robustos y fragiles en la concentracion de

IL-6 salival (p< 0,043, prueba de Kruskal-Wallis) (Figura 4).

p=0.043
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Figura 4. Diferencia entre el sindrome de fragilidad y la IL-6 (pg/mL). La fragilidad se midi6 de acuerdo
con los 5 criterios propuestos por Fried et al. [66]. Los pacientes Robustos y pre-fragiles se agruparon en el
grupo no fragil. Los pacientes fragiles fueron aquellos que cumplieron con 3 o mas de los criterios de fragilidad.

Para cada uno de los criterios de fragilidad, hubo diferencias significativas en la IL-6 entre los
sujetos que cumplieron con el criterio de fragilidad relacionado con la reduccion de la actividad fisica
y los que no lo hicieron (p = 0,007,U-Mann Whitney), como se muestra en la figura SA. Con respecto
al criterio de fragilidad "Pérdida involuntaria de peso" hubo una diferencia significativa en la
concentracion salival de IL-6 entre los individuos que cumplieron este criterio en comparacion con

los que no lo hicieron (p = 0,002, U-Mann Whitney) (Figura. 5B).
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Figura 5. (A) Diferencia entre los criterios de fragilidad de la actividad fisica y (B) IL-6 (pg/mL) y los
criterios de fragilidad de la pérdida de peso e IL-6 (pg/mL). La fragilidad se midi6 de acuerdo con los 5 criterios
propuestos por Fried et al. [66].
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Finalmente, con el objetivo de analizar la sensibilidad y la especificidad de la concentracion
salival de IL-6 para discriminar a los individuos fragiles versus no fragiles (robustos), se realizo el
analisis de la curva de operacion receptora (ROC). El area bajo el valor de la curva fue de 0,697 con
IC del 95%: 0,566—-0,827 (Figura 6), y el valor de corte de 3,74 pg/ml tuvo una sensibilidad del 69,0%
y una especificidad del 52,8%.
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Figura 6. Curva de caracteristicas operativas del receptor (ROC) para la concentracion de IL-6 y la
capacidad de discriminar entre individuos fragiles versus individuos robustos + prefragiles.
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3. DISCUSION

Nuestro objetivo principal fue estudiar las interrelaciones existentes entre el ejercicio fisico
y el sistema inmune y, mas concretamente, entre el ejercicio fisico y la IL-6 para ver de qué forma el
gjercicio fisico puede modular los niveles de esta interleukina alterada en determinadas circunstancias

de desregulacion del sistema inmunitario.

De las revisiones realizadas y de los resultados obtenidos en los articulos podemos enfatizar la
importancia que tienen la IL-6, el ejercicio y las interrelaciones entre ellos en el desarrollo, curso y
control de ciertas enfermedades y sindromes degenerativos asi como en el proceso normal de
envejecimiento. Numerosos estudios evidencian que tanto la IL-6 tiene un rol principal en su
desarrollo y avance [25], como que las respuestas de los niveles de IL-6 al ejercicio podrian estar
detras de los efectos beneficiosos que dicho ejercicio tiene sobre estas poblaciones mostrando, por
ejemplo, una mejoria en tareas que implican memoria de trabajo, velocidad de procesamiento y

procesos atencionales [28], y un efecto protector en la plasticidad cerebral que seria la responsable

de la mejoria de la sintomatologia [80].

Respondiendo a nuestro primer objetivo especifico planteado, el ejercicio fisico, como estimulo
estresor, provoca al inicio un respuesta aguda que daria lugar a un aumento de los niveles plasmaticos
de IL-6 [96], que aunque en un primer momento pueda resultar inadecuado para el estado habitual de
inflamacion y de valores elevados de IL-6 que tienen las personas de las poblaciones estudiadas, con
la continuidad del ejercicio y la adaptacion a su ejecucion de forma habitual se conseguiria dar lugar
a una respuesta cronica en la que, por un lado, descenderian los niveles basales de IL-6 y, por otro,

disminuirian los niveles de 1L-6 que se producen como respuesta aguda.

Con esta doble repuesta cronica se favoreceria, por un lado, la respuesta antiinflamatoria y, por
otro lado, el descenso de los niveles basales de I1L-6, reduciendo de forma sistémica el estado de
inflamacion caracteristica de estas poblaciones y favoreciendo el efecto neuroprotector del cerebro

que esta detras de la mejora que el ejercicio tiene sobre las funciones cognitivas [80].
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EFECTOS DEL EJERCICIO SOBRE LOS NIVELES DE IL-6

I NIVELES DE IL-6 EN PLASMA
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Figura 7. Efectos del ejercicio y niveles de IL-6.

Por lo tanto, teniendo en cuenta los datos aportados, un determinado estimulo de ejercicio
repetido en el tiempo y con los parametros de entrenamiento adecuados podrian modular los niveles
de IL-6 dando lugar a efectos positivos en las poblaciones estudiadas. Sin embargo, aunque se
necesitan mas estudios para conocer como afecta la variacion de los diferentes pardmetros del
gjercicio (intensidad, duracion) [26] asi como el tipo de ejercicio a los niveles plasmaticos de 1L-6,
tanto en su efecto agudo como en su efecto cronico, comienzan a verse evidencias acerca de la
interrelacion entre la IL-6 y el ejercicio, aunque no conozcamos los mecanismos exactos de la

regulacion de la IL-6 através del ejercicio.

Los niveles plasmaticos de IL-6 podrian estar regulados durante el ejercicio tanto por sefiales
centrales como por sefiales periféricas. A nivel periférico, numerosos estudios han revelado que tanto
las fibras musculares Tipo I como Tipo II dan lugar a la produccion de IL-6 en respuesta a las
contracciones musculares, provocando un aumento de los niveles plasmaticos como efecto agudo

[77]. Este aumento de la liberacion de IL-6 esta mediado por el glucogeno muscular de forma que
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conforme va descendiendo éste se produce un mayor incremento de la produccion de IL-6
intramuscular, dando como consecuencia un aumento de los niveles plasmaticos. Sin embargo, con
la continuidad del entrenamiento, y como efecto cronico, se produce una mayor expresion
intramuscular de receptores de IL-6 (IL-6R) que sugiere una mayor sensibilidad del musculo a los
niveles de IL-6 intramusculares provocando que los niveles plasmaticos de IL-6 no aumenten tanto

[103]. Por lo tanto, a nivel muscular, la baja concentracion de glucogeno muscular provocada por la

ejecucion del ejercicio fisico estimula la produccion de IL-6 que se ve reflejada en un incremento de
sus niveles plasmaticos. Sin embargo, como adaptacion a dicho ejercicio fisico, se produce una mayor
sensibilidad a la IL-6 intramuscular gracias a la regulacion al alta de sus receptores (IL-6R), que da
lugar a que ante un mismo ejercicio fisico que provoque un descenso del glucégeno muscular, los

niveles de IL-6 plasmaticos no se incrementen tanto.

Por otro lado, a nivel central (SNC) se ha observado que los niveles de IL-6 plasmaticos también
dependen de sefales cerebrales. Sin embargo, mientras que la liberacion de IL-6 a nivel muscular
aumenta con el descenso de los niveles de glucosa, el cerebro muestra una sefial inversa de forma que
cuando los niveles de glucosa sanguinea son altos, el cerebro contribuye a que la circulacion de IL-6
en sangre sea mayor, aboliendo su liberacion cuando los valores de glucosa en sangre son bajos.

[121], cumpliendo ambas senales (la liberacion muscular y la liberacion cerebral) una funcion de

equilibrio homeostatico de los niveles de IL-6 plasmaticos. Durante el ejercicio, se ha observado que
se produce un aumento de la liberacion de IL-6 a nivel central aunque es mucho menor que la

liberacion de IL-6 que se produce a nivel muscular.

Aunque este mecanismo no estd comprendido de forma completa, comienzan a aparecer estudios
que indican que parametros del ejercicio como la intensidad y duracion son importantes para que la
regulacion de citokinas sea la adecuada para provocar una respuesta antiinflamatoria que origine el

efecto protector, tanto en personas sanas como en personas con diferentes patologias [30]. La

intensidad y la duracion del ejercicio puede ser uno de los mecanismos que inciden en las sefiales
centrales y periféricas que regulan los niveles plasmaticos de IL-6. La intensidad y la duracion del
ejercicio estan asociados a diferentes vias de utilizacion de la energia para realizar el ejercicio
propuesto. Si el ejercicio se realiza a una intensidad baja o moderada, la glucosa derivada del higado
o de la ingestion oral, y acidos grasos libres de tejido adiposo proporciona principalmente el
combustible necesario para el musculo esquelético. Si la intensidad del ejercicio es aumentada, la

contribucion de los acidos grasos libres de tejido adiposo circulantes es modestamente disminuido
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mientras que el uso de la glucosa circulante es ampliamente regulado al alza. Si el ejercicio es
continuado durante mas de una hora a una intensidad fija, el uso de la energia de la oxidacion de
lipidos se inclina [26]. De esta forma, la variacion en la intensidad y duracion del ejercicio, pueden
afectar a los niveles de glucosa intramuscular y sanguinea y, en consecuencia, a los niveles

plasmaticos de IL-6.

Por lo tanto, los niveles plasmaticos de IL-6 parecen descender a medio y largo plazo [90] (efecto
cronico) cuando se utilizan protocolos de ejercicio aerdbico, siendo la duracion del ejercicio el
parametro que resultaria mas determinante. Respecto al efecto agudo, parece que los mayores
incrementos de IL-6 se producen a nivel periférico (intramuscular) [93]. En este incremento de los
niveles de IL-6 y su consecuente adaptacion, con la continuidad del ejercicio, en la regulacion al alza
de los receptores intramusculares de IL-6 que provoca un descenso de la salida de IL-6 al plasma
sanguineo, parece que es determinante el parametro de la intensidad del ejercicio ya que necesitamos

provocar una depleccion del glucogeno muscular para provocar esta adaptacion.

Nuestros siguientes objetivo fueron encaminados a detrminar las implicaciones del sistema
inmune y la IL-6 en el desarrollo y curso de determinadas enfermedades o sindromes, asi como en
poblaciones especiales y conocer los beneficios que podria tener la realizacion de ejercicio fisico

sobre ellas, actuando sobre los niveles de IL-6.

Actualmente, ya son numerosas las evidencias de los efectos positivos que el ejercicio tiene sobre
la Esquizofrenia [25]. También se conoce el importante rol que la IL-6 juega en el desarrollo y

sintomatologia de la Esquizofrenia, y como el ejercicio es capaz de modular la respuesta de la IL-6.

Poder incidir a través del ejercicio como tratamiento en la modulacion de los niveles de IL-6 de
las personas con Esquizofrenia, tendria una especial relevancia por lo econdmico y accesible de su
utilizacion, mas si cabe teniendo en cuenta que los tratamientos estandares de medicacion no han
conseguido unos efectos importantes sobre los sintomas negativos de la enfermedad, pero que se han

visto disminuidos gracias al ejercicio fisico.

El hecho de que los protocolos de Resistance Training focalice sus efectos a nivel muscular, nos
hace intuir que seria recomendable realizar este tipo de ejercicio (con la intensidad adecuada), ya que

conseguiriamos una mayor depleccion de los depodsitos de glucdogeno con la consiguiente
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proliferacion de receptores intramusculares de IL-6. De esta forma, aunque en un principio la
liberacion de IL-6 provocada por dichos estimulos diera lugar a un aumento de los niveles de IL-6
plasmaticos, con la continuidad del ejercicio y el aumento de IL-6R bajarian los niveles de IL-6 que
llegan al torrente sanguineo, consiguiendo una adaptaciéon cronica que descenderia los niveles

plasmaticos y los incrementos agudos de I1-6 fueran cada vez menores.

Por otro lado, conforme se vayan produciendo estas adaptaciones, se deberia combinar este tipo
de ejercicio con otros predominantemente aerdbicos para potenciar el descenso de los niveles basales
que se han observado en los estudios longitudinales, centrandonos en la duraciéon como parametro
mas relevante de este tipo de ejercicio. Independientemente del tipo de ejercicio realizado (aerébico
o Resistance Training), parece que los parametros del ejercicio realizado, intensidad y duracion, son

factores determinantes para conseguir los efectos deseados sobre los niveles de IL-6 [95].

PARAMETROS DEL EJERCICIO Y NIVELES DE IL-6
DURACION
1 ‘ GLUCOGENO MUSCULAR | ‘ GLUCOGENO MUSCULAR ‘
i IL-6 ] | GLUCOSA EN SANGRE |
INTRAMUSCULAR
i IL-6R | 1| IL-6 CNS |
‘ ] IL-6 NIVELES PLASMATICOS || ‘
RT AE
El RT incide mas sobre la intensidad y el AE incide mas sobre la duracién

Figura 8. Parametros del ejercicio y niveles de IL-6.
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Ademas de la influencia que tienen la intensidad y duracioén del ejercicio realizado sobre los
niveles de IL-6 y sus adaptaciones, también son importantes tanto el nivel de forma del sujeto como
su estado de inflamacion. Se ha observado que, ya sea utilizando protocolos de ejercicio aerdbico
como de Resistance Training, los sujetos que muestran un mayor efecto tanto agudo (incremento de
los niveles de IL-6) como crénico (descenso de los niveles basales de IL-6) son aquellos que tienen

un bajo nivel de forma y aquellos que tienen un estado de inflamacion inicial alto [110].

Respecto al nivel de forma de los sujetos, hay que constatar que la intensidad y duracion del
ejercicio utilizado en los protocolos de los estudios puede ser la suficiente para provocar adaptaciones
en los sujetos que no estan habituados a realizar ejercicio fisico, pero no estimular lo suficiente a
aquellos sujetos que mantienen un habito diario de practica de ejercicio, por lo que el protocolo
disefiado en el estudio no les provocaria el estrés suficiente que dé lugar a las adaptaciones
comentadas. En cuanto al estado inicial de inflamacion del sujeto, los resultados de los estudios
muestran que ante estimulos estresores menores provocados por el ejercicio se consigue recuperar el

equilibrio homeostatico inflamatorio [25].

VARIABLES DEL SUJETO Y PARAMETROS DEL EJERCICIO

| | | ESTADO BASAL DE INFLAMACION ‘ | |

INTENSIDAD
DURACION

[ =] ‘ NIVEL DE FORMA FISICA ‘ | |

A mayor nivel de forma, mayor duracién e intensidad
A mayor nivel de inflamacién, menor duracion e intensidad

Figura 9. Parametros del ejercicio y variables del sujeto.
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Por lo tanto, teniendo en cuenta que son determinantes en los efectos que el ejercicio provoca en los
niveles de IL-6 tanto los pardmetros de dicho ejercicio como el nivel del sujeto, se hace
imprescindible que los protocolos de actuacion con ejercicio fisico se adapten de forma

individualizada a las caracteristicas de cada sujeto.

Finalmente, concluyendo con los objetivos planteados, quisimos estudiar si el analisis de los
niveles de IL_6 en muestras de saliva, se podian extrapolar a los resultados obtenidos en muestras
sanguineas. En este sentido, aunque los resultados obtenidos en este estudio que relacionan la IL.-6
con la fragilidad y especificamente con los niveles de actividad fisica estan bien establecidos en la
literatura, el hecho de que estos resultados se obtengan a través de la saliva sugieren que esta técnica
puede ser utilizada como una herramienta diagnostica potencial. Resultados similares se han obtenido
en valores salivales de IL-6 en pacientes diagnosticados con enfermedades inflamatorias como
diabetes [122], sepsis [67] y enfermedad de Huntington [123]. Mas recientemente, un niimero
creciente de estudios han sugerido que los biomarcadores salivales pueden ser utiles para el
diagnostico y seguimiento de algunas enfermedades o afecciones, independientemente de sus
concentraciones en sangre [66]. Algunos estudios han obtenido resultados que indican que la IL-6
salival esta altamente correlacionada con los niveles sanguineos [124]. De esta forma, la prueba de
Saliva puede ser una herramienta no invasiva para el diagnostico de fragilidad, sin que la técnica de
muestreo implique un estrés adicional para el paciente que implique cambios en los niveles que
podrian ocurrir como resultado del estrés asociado con la extraccion de sangre [73], y es barato, se
puede llevar a cabo en contextos ecologicos a lo largo del tiempo y en multiples momentos a lo largo

del dia [65].

Por lo tanto, las pruebas de Saliva podrian utilizarse para el diagndstico y para indicar la
existencia o el riesgo de desarrollar una enfermedad, asi como la respuesta a una terapia en particular.
El diagnostico salival es un field que surge rapidamente y que depende del desarrollo de
biomarcadores sensibles y especificos que pueden emplearse en entornos clinicos a gran escala. Es
razonable suponer que futuros estudios clinicos demostraran progresivamente la utilidad de los
biomarcadores salivales relacionados con moléculas inflamatorias como la IL-6 para el diagnostico y

seguimiento de algunas enfermedades, y especificamente para el diagnostico de la fragilidad.
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Actualmente, ya son numerosas las evidencias de los efectos positivos que el ejercicio tiene sobre
la salud de las personas. También se conoce el importante rol que el sistema inmune y, en particular,

la IL-6 juega en el desarrollo y sintomatologia de de diferentes enfermedades y sindromes.

En este compendio de articulos nos hemos centrado en las interacciones que se producen entre
el ejercicio y la IL-6 en personas que sufren enfermedades y sindromes caracterizados por un estado
de inflamacion sistémico. Hemos observado que el ejercicio es capaz de modular la respuesta de IL-
6 y hemos profundizado en como conseguir que dicha respuesta sea la adecuada para descender los

niveles plasmaticos de IL-6 de las personas que tienen un estado de inflamacion alterado.

Teniendo en cuenta los datos aportados, un estimulo de ejercicio repetido en el tiempo y con los
pardmetros de entrenamiento adecuados (intensidad, duracion, tipo de entrenamiento...) podrian
modular los niveles de IL-6 dando lugar a efectos positivos como tratamiento tanto en la mejoria de

las funciones cognitivas como en la sintomatologia de enfermedades y procesos inflamatorios.

También hemos utilizado una potencial herramienta diagnostica como son los tests de saliva por
su valor ecoldgico, por su accesibilidad econémica y por su sencilla utilizacion. El hecho de que los
resultados obtenidos puedan extrapolarse a los resultados obtenidos en pruebas sanguineas, hacen de

los tests de saliva una herramienta de testeo preventivo como de control del estado de inflamacion.

Poder incidir a través del ejercicio como tratamiento en la modulacion de los niveles de IL-6,
tendria una especial relevancia por lo econémico y accesible de su practica, mas si cabe teniendo en
cuenta los multiples beneficios conocidos que su préctica tiene tanto a nivel intrapersonal como

social.
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Abstract: Exercise plays an important role in brain plasticity, leading to improvements in cognitive
function and delaying the cognitive deterioration of healthy people. These effects can be observed in
individuals with schizophrenia through improvements in their performance in cognitive tasks and
a decrease in the symptomology of the disease. In this review we examine the current evidence for
the roles that exercise and the immune system play in patients with schizophrenia, and specifically
analyze the interleukin-6 (IL-6) pathway as a potential mechanism resulting in these positive effects.
Inflammation and high levels of IL-6 are associated with both the severity of schizophrenia and the
cognitive impairment suffered throughout the disease. Performing regular exercise can modulate
IL-6 by lowering its basal levels and by causing lower acute increases in the plasma levels of this
cytokine in response to exercise (an anti-inflammatory response to physical exertion). Although there
is evidence for the positive effects of physical exercise on schizophrenia, more studies will be required
to better understand how variation in different exercise parameters affects both the acute and chronic
plasma levels of IL-6.

Keywords: interleukin-6; schizophrenia; physical exercise; immune system

1. Introduction

Schizophrenia affects approximately 24 million people around the world and is considered
a severe psychiatric disorder characterized by “positive symptoms’ (hallucinations and delusions),
‘negative symptoms’ (including avolition and anhedonia), and cognitive deficits (such as deficiencies
in perception, memory, and attention) [1]. Despite extensive research on this disorder, standard
treatments including medication and cognitive behavioral therapy have not been shown to be effective,
mainly in relation to negative symptoms and cognitive deficits [2].

One of the reasons why current treatments are ineffective is that schizophrenia is still sometimes
misunderstood because of the complexity of its pathogenesis [3]. The manifold interactions between
the immune system and the nervous system could underlie the development of schizophrenia as part of
a complex mechanism. Evidence suggests that an increasing level of a stressing hormone may activate
the inflammatory arm of the immune system and, hence, trigger the expression of genes responsible to
elicit a chronic and low-grade inflammation state [4]. The interest in immune/inflammatory changes
and their associated oxidative consequences as a potential determinant/key in the pathophysiology
of schizophrenia has been recently restored. The latest evidence supports a model which describes
that the onset of oxidative stress stimuli and a consequent immune dysfunction may alter cellular
homeostasis which, in turn, may determine an aberrant growth of interneurons and, consequently,
a psychotic symptomatology [5]. Within this context, the possible relationship between a psychotic
breakdown evolving in schizophrenia and inflammation proteins, such C-reactive protein (CRP),
has been investigated [6]. CRP is thought to assist in complement binding to foreign and damaged
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cells and to affect the humoral response to disease [7]. It is also believed to play an important role in
innate immunity, as an early defence system against infections [8], but future research is needed to
investigate the relationships between CRP levels and cytokines [9]. The current evidence, supported by
genetic studies, relates this disorder to an imbalance in cytokines and, consequently, to dysregulated
triggering of inflammatory processes, with IL-6 being at the center of many of these studies [10].

This new evidence regarding the possible relationships between the immune system and
schizophrenia, together with the lack of efficacy of standard treatments, means that exercise is now
being considered as a possible treatment for this disease. This is because, when combined with the
adequate prescription of other treatments, it has beneficial effects on the immune system. In fact,
some studies have already been published that show a reduction in the symptomology of patients
with schizophrenia thanks to exercise interventions [11].

In this article we examine the relationships between schizophrenia, exercise, and the immune
system, and specifically look at the current evidence regarding IL-6 as one of the potential mechanisms
through which exercise could produce improvements in the symptoms of schizophrenia.

Our search strategy conducted an electronic database search of CINAHL, Scopus, Web of Science,
MEDLINE, Embase, the Cochrane Library, and PubMed from inception on 10 May 2018. The keyword
search terms used were as follows: ‘schizophrenia” and “exercise’ or ‘physical activity” and ‘cognitive’
or ‘cognition” and ‘IL-6’. As we did not find enough information, we carried out two more searches.
First of all we used the following keyword search terms: ‘schizophrenia” and ‘exercise’ or “physical
activity” and ‘IL-6’. Secondly, we used the following keyword search terms: ‘schizophrenia’ and
‘cognitive’ or ‘cognition” and ‘IL-6'. Google Scholar and the reference lists of retrieved articles were
also searched in order to identify any additional relevant publications.

2. Schizophrenia and Exercise

2.1. Exercise in Relation to Cognition

There is already a lot of evidence to suggest that exercise affects brain plasticity by inducing
neurogenesis and causing structural changes [12]. Exercise plays an important role in the metabolic,
structural, and functional alteration of brain connections, and is an important factor in brain plasticity
that can be protective against the cognitive decline consequent to aging [13]. These effects are reflected
in cognitive functioning at the cerebral level, both in the improvement of different cognitive functions
and in the prevention of the cognitive deterioration that occurs because of aging (Figure 1).

Improvements in cognitive functions have mainly been observed in terms of memory (implicit
memory tasks, immediate memory, and recognition), attention processes, and in executive
functions [14]. Better performance in verbal, perceptual, and arithmetic tasks has also been shown in
children who regularly perform exercise compared with sedentary children [15].

As already mentioned, numerous studies have shown that exercise prevents the cognitive decline
related to age [16], reduces the risk of developing dementia, and slows the decline in executive-function
impairment [17]. The neuroprotective effect induced by exercise has also been observed in people with
dementia and cognitive disability [18], reducing their symptoms and improving cognitive functions in
both young people and adults [19].
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Figure 1. Exercise has a potential role in brain plasticity that leads to a neuroprotective effect in healthy
people and in patients with schizophrenia. This neuroprotective effect has positive consequences in the
improvement of cognitive functions, in the delay of cognitive deterioration, and in the improvement of
the symptomatology of schizophrenia.

2.2. Schizophrenia and Exercise

In relation to schizophrenia, current studies indicate that exercise can reduce psychiatric symptoms
and improve cognitive functions in different subdomains, as reported in the European Psychiatric
Association (EPA) guidance [20]. The benefits of exercise for treating this disorder are related to its
effects at the level of the brain, and the protective effect produced in the hippocampus by exercise
are similar both in patients with schizophrenia and in healthy adults [11] (Figure 1). Several different
studies have observed that these changes caused by exercise at the level of the brain improve both
the positive and negative symptoms of schizophrenia. The reduction in the incidence of negative
symptoms is especially relevant because standard medication is less effective at treating them [19].

Furthermore, there is evidence that exercise also improves performance in tasks involving working
memory, processing speed and attentional processes [21]. Specifically, undertaking light physical
activity positively correlated with cognitive performance, while moderate and vigorous physical
activity was associated with an improvement in the symptoms of schizophrenia [22]. The exact
mechanism or mechanisms that underlie this exercise-mediated cognitive improvement are currently
unknown, but several studies have indicated that the immune system as is likely involved.

3. Schizophrenia, Exercise and the Immune System

3.1. The Immune System in Relation to Cognition

Several studies have found that the immune system is involved in the homeostatic modulation of
neurogenesis [23], observing that, among other mechanisms, stimulation of peripheral-level cytokines
alters several key neurotransmitters that optimize neurogenesis [24]. The positive effect that the
immune system has in this context is conditioned by complex interactions between the brain cells
that perform immune functions and neurons via neurotransmitters and pro- and anti-inflammatory
cytokines [25].

Thus, these improvements resulted in gains in learning and memory processes [26] and produced
an inverse association between inflammatory processes and performance in spatial reasoning,
short-term memory, verbal learning, and executive-function tests [27]. Many studies point out that
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an adequate balance between pro- and anti-inflammatory cytokines underlies these improvements in
cognitive processes by modulating and consolidating the reorganization of neural networks [25].

Nevertheless, it has also been shown that cytokine levels and the balance between pro- and
anti-inflammatory cytokines vary over an individual’s lifetime [28], suggesting that production of
high amounts of inflammatory cytokines and a decrease in anti-inflammatory levels increase the
central inflammatory response, damaging synaptic plasticity [13] and consequently also augmenting
age-associated worsening of cognitive performance. Thus, certain inflammatory biomarkers are
already used to predict cognitive decline [28].

3.2. The Immune System and Schizophrenia

Inflammation is currently considered a potential mechanism in the development and progression
of schizophrenia [29]. Patients with schizophrenia have increased levels of inflammatory cytokine
markers and, more specifically, this increase may be related to the negative symptoms of the disease [30].
Therefore, an inadequate balance between pro- and anti-inflammatory cytokines would cause immune
system dysfunction, impairing neurodevelopment and deregulating brain neurotransmission in
patients with schizophrenia [10].

3.3. The Immune System and Exercise

Maintaining a good balance between pro- and anti-inflammatory cytokines could be one of the
mechanisms through which exercise exerts its immunoprotective and immunoregulatory effects [31].
Exercise, as a stressor, induces different immune responses associated with the production of
interleukins, thus eliciting an anti-inflammatory response through inflammation [32]. There is ample
evidence that exercise is associated with a systemic reduction in inflammation [14].

Additionally, new genetic studies suggest that exercise may activate genes involved in the
production of leukocytes as well as those that downregulate inflammation. Although this mechanism
is not fully understood, studies are beginning to appear that indicate that exercise parameters such as
intensity and duration are important factors in sufficiently regulating cytokines to induce this protective
anti-inflammatory response both in healthy individuals and in those with different pathologies [33].
However, the interaction of multiple factors in the immune system mean that doubts remain about
the exact mechanisms which interrelate it with schizophrenia and exercise, although recent work has
emerged highlighting an important role for IL-6 in this context.

4. Schizophrenia, Exercise and IL-6

4.1. IL-6 and Cognition

Numerous studies have published evidence regarding the role of IL-6 in the inflammatory
processes which interconnect the immune system with the central nervous system (CNS). IL-6 levels
inversely correlate with hippocampal gray matter volume [34] as well as with the integrity of the white
matter in the brain [27]. One of the mechanisms by which the immune system influences cognitive
function performance, neurodegeneration, and cognitive functionality, involves interactions between
IL-6 and the CNS (Figure 2).
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Figure 2. IL-6 has numerous effects in the central nervous system (CNS). These effects have different
consequences in the patients with schizophrenia.

Regarding cognitive function, there is evidence that high levels of peripheral IL-6 negatively
affects memory and learning [34], is associated with generally poor cognitive performance [35],
and that cognitive-task performance is lower in acute inflammatory processes involving increased
levels of IL-6 [36]. It is also important that the peripheral inflammatory mediators such as IL-6 can
cross the blood-brain barrier and modulate central inflammatory processes, leading to increased
neurodegeneration and negatively influencing cognitive function [27]. Specifically, the presence of
high basal IL-6 levels increases the risk of future cognitive age-related decline [37,38]. Increased IL-6
has also been observed in dementia and other diseases characterized by cognitive decline, as well as
in depressive disorders [39]. Thus, presence of low levels of IL-6 may reduce the risk of developing
neurodegenerative diseases [14].

However, even though most studies discuss the negative effects of elevated IL-6 levels, there is
evidence that moderate levels of IL-6 may also have an anti-inflammatory and protective effect [40].

4.2. 1I-6 and Schizophrenia

There is a lot of evidence in the literature regarding immune system deregulation and the presence
of high levels of pro-inflammatory cytokines such as IL-6 in patients with schizophrenia [41]. Moreover,
high levels of IL-6 are associated with the altered brain morphology and the severity of the disease [38]
as well as with the continuing cognitive deterioration [42] and decline in visual attention, processing
speed, working memory, and executive-control function [43] seen as schizophrenia progresses
(Figure 2). Looking more specifically at the different symptoms of schizophrenia, it appears that
high levels of inflammation and IL-6 are associated with the disease’s negative symptoms [29].

4.3. II-6 and Exercise

Exercise induces an increase in the plasma levels of different cytokines, including IL-6 [44]. In the
year 2000, Steenberg et al. published the first study to show that the skeletal-muscle activity connected
with exercise increases plasmatic IL-6 levels [45]. Following studies showed that the magnitude of this
muscle-fiber derived plasma IL-6 elevation caused by exercise correlates with different parameters
such as the intensity and duration of the physical activity [46].

In addition to the acute effect that exercise has on the increase of plasma IL-6 levels, different
studies have also shown that over time, following a protocol of prolonged exercise, causes baseline
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IL-6 levels to decrease [41]. This reduction is also related to the intensity and duration of physical
exercise as well as other variables such as the fitness levels of the study participants [47]. People who
perform regular exercise in their daily lives show lower baseline IL-6 levels compared to those who are
sedentary [45].

Although, as we have already mentioned, most studies associate IL-6 with proinflammatory
responses, numerous studies have also observed that the acute increase in IL-6 levels caused by
exercise gives rise to an anti-inflammatory response by inhibiting, for example, the activation of tumor
necrosis factor alpha (TNFx) whose activity is highly proinflammatory [40] and by stimulating the
production of other predominantly anti-inflammatory immune system molecules [48].

5. Discussion

The evidence available in the scientific literature strongly corroborates that exercise has numerous
beneficial effects on the CNS; it exerts a neuroprotective effect, delays and slows the decline in
cognitive performance produced by age, and improves and optimizes different cognitive functions
such as learning, memory, and executive functions [12]. As set out by the EPA guide [20], the benefits
related to exercise seen in healthy people are also observed in patients with schizophrenia, both in
terms of symptomatology and in improvements in cognitive function.

Nonetheless, many unresolved questions remain about the specific mechanisms through which
exercise mediates these beneficial effects on the cognitive system, both generally in healthy people [29]
and especially, in patients with schizophrenia [49]. However, the evidence suggesting that the immune
system plays a predominant role in these effects is mounting. Numerous studies have revealed that
exercise has an anti-inflammatory effect that positively affects neuroplasticity [13]. Related to exercise,
several studies have revealed that pro- and anti-inflammatory cytokines must be properly balanced so
that the immune system can exert positive or negative effects on brain neuroplasticity, to modulate and
consolidate the reorganization of neural networks, and the benefits that exercise has on schizophrenia
are because it mediates cerebral structural changes via the immune system [25].

When pro- and anti-inflammatory cytokines are adequately balanced, the cytokine IL-6 appears
to play a significant role in both pro- and anti-inflammatory responses, depending on the levels of
its expression [40]. Moreover, IL-6 can cross the blood-brain barrier where it can modulate central
inflammatory processes and, if its levels are too high, it results in increased neurodegeneration and
negatively influences cognitive function [27]. Furthermore, recently-published reviews indicate that
high levels of inflammation and IL-6 are related to the negative symptoms of schizophrenia [29].

We now know that the activity generated in the skeletal muscles by exercise is one of the main
mechanisms by which the plasma and baseline levels of IL-6 can be modulated [44]. Although there are
doubts about the exact mechanism through which this modulation occurs, several studies have shown
that as a consequence of exercise there is an acute increase in the plasma levels of IL-6 [40]. This increase
occurs as a result of the muscle damage caused by exercise and depends on the different parameters of
the exercise performed, including its intensity, duration, and the types of muscle contraction involved,
with higher levels of IL-6 resulting from exercise which causes homeostasis to destabilize [50].

Conversely, regularly performing exercise reduces the peak of these increases in IL-6 levels,
thus attenuating this acute effect. This means that the final increases in plasma IL-6 levels are
a function of the fitness status of each person and their individual level of adaptation to exercise [50].
This decreased IL-6 plasma level peak, seen after only one exercise session in individuals who regularly
do exercise, is also observed in the basal levels of IL-6, so that people who regularly exercise have
lower baseline levels than those who are sedentary [44].

Therefore, the acute response to a single dose of exercise leads to an increase in plasma levels
of IL-6, but the chronic response to regular exercise produces both a minor increase in this acute
response and a decrease of the basal levels of IL-6. Regarding the effects of increased levels of IL-6,
although most studies refer to its negative effects [39] and its pro-inflammatory properties, several
studies also suggest that the moderate increases in IL-6 levels provoked by exercise could lead to
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an anti-inflammatory response by inhibiting the production of other pro-inflammatory cytokines such
as IL-1b and TNF«, reducing levels of inflammation and promoting a neuroprotective effect [46].

Considering that IL-6 plays a major role in the development and advancement of
schizophrenia [29], it is possible that the behavior of IL-6 levels in response to exercise may explain
its beneficial effects on this disease which are evident in many studies. These include improved
performance in tasks involving working memory, processing speed, and attentional processes [21],
as well as a protective effect on brain plasticity resulting in improvements in the symptomatology of
schizophrenia [11].

As a stressor, physical exercise would initially cause an acute response leading to an increase in
plasma levels of IL-6. Although this may initially be counterproductive in people with schizophrenia
(who usually have high IL-6 and inflammation levels), with regular exercise (and the resulting increased
adaptative fitness) a chronic response could be achieved. As a result of this chronic response, both the
basal IL-6 levels and the peak levels of IL-6 produced during acute responses would decrease in these
patients (Figure 3). This double-chronic response would favor both an anti-inflammatory response
and a decrease in basal IL-6 levels. This would systemically reduce the state of inflammation which
characterizes schizophrenia and favor the exercise-mediated neuroprotective effect on the brain which
produces the improvements in cognitive function and symptomatology previously described [11].

EXERCISE EFFECTS AND IL-6 LEVELS
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Figure 3. A single bout of exercise causes an increase in plasma levels of IL-6 (ACUTE RESPONSE).
However, the regular practice of exercise reduces the acute response to exercise and decreases the basal
levels of IL-6 (CHRONIC RESPONSE).

Regarding the most appropriate type of exercise, it is still unknown how the different changes in
the parameters of the exercise (intensity, duration, density...) specifically affect the levels of IL-6 [13].
Despite this ignorance, recent studies have observed that high-intensity exercise (anaerobic exercise
or strength exercise) causes a greater increase in IL-6 levels than low intensity exercise [47], and that
eccentric exercise stimulates a greater production of IL-6 than concentric exercise [40].

Currently, most studies use aerobic exercise protocols or concurrent protocols (protocols in which
both aerobic and anaerobic exercises are used) [13]. The problem with concurrent protocols is that we
cannot know if the effects on IL-6 are due to aerobic exercise or anaerobic exercise.

Because the increase in levels of IL-6 is related to the amount of muscle damage caused by exercise
and also because patients with schizophrenia have a state of permanent inflammation, we should
stimulate the production of IL-6 progressively with the aim that the consequences of the acute response
are not negative.
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Therefore, we should start with an aerobic exercise protocol that causes the least possible muscle
damage and, consequently, a controlled increase in the levels of IL-6. When patients with schizophrenia
adapt to aerobic exercise protocols, we should progressively change to anaerobic exercise protocols (or
strength exercise protocols), first with concentric exercise and later with eccentric exercise. With this
progression we will achieve that the protocols always provoke a stimulation of IL-6.

6. Conclusions

There is now ample evidence for the positive effects that exercise has on schizophrenia.
The important role that IL-6 plays in the development and symptomatology of schizophrenia, as well
as how exercise can modulate the IL-6 response, is also starting to be understood. Therefore, given the
information reviewed here, encouraging the implementation of a regular exercise program with the
appropriate training parameters (regarding intensity, duration, type of muscle contractions, etc.)
as a treatment for schizophrenia could help to modulate IL-6 levels in these patients, resulting in
positive effects by improving both cognitive function and symptomatology owing to cerebral structural
changes. Influencing the modulation of IL-6 levels through exercise as a treatment in people with
schizophrenia is especially relevant not only because it is an economical and accessible treatment
option, but also because standard medication treatments have not so far achieved good results for the
negative symptoms of the disease—an outcome which is partially achievable through such exercise
programs. More studies will be required to help us understand how the variation in the different
exercise parameters affects both the acute and chronic plasma levels of IL-6.
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Abstract: Old age is associated with a loss of motor functions and a general progressive decline in
cognitive functions. Physical exercise is one of the ways in which inflammatory levels in general can
be reduced, and therefore physical exercise can be considered a biological aging decelerator. In this
article, we examine the relationships between physical exercise and inflammatory markers reported for
the different physical exercise protocols that have been used in studies with older individuals, as well

ARTICLE HISTORY as the effects of these regimens. The different types of exercises programmed, and methods used to
implement them were very heterogeneous in the articles we analysed. Both, the aerobic exercise and
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exercise programs usually subsequently achieved a chronic response in which there was a decrease in
both the basal levels of IL-6, CRP and TNF-a, and the IL-6 produced as acute responses. Regardless of
the type of exercise performed, it seems that the exercise parameters, intensity, duration, subject vari-
ables, fitness, and level of inflammation are key factors in achieving the expected balance between pro-
inflammatory and anti-inflammatory cytokines.

1. INTRODUCTION anti-inflammatory cytokines coupled with high levels of
inflammatory cytokines, increases the central inflammatory
response, which in turn, damages synaptic plasticity [7] and
worsens age-associated cognitive performance. In this
sense, certain inflammatory biomarkers such as IL-6, TNF-
a, and CRP are already used to predict cognitive decline [6].
Several diseases in this life stage change the immune system

with consequent disturbance in cytokine homeostasis [8].

In addition to being associated with a considerable loss
of motor functions, old age also produces a general and pro-
gressive decline in learning, memory, and cognitive func-
tions [1, 2]. Numerous models have tried to analyse all the
factors that lead to this cognitive and motor decline and
have shown the importance of both extrinsic variables (psy-
chological stress, pollution, levels of sedentary behaviour,
etc.) and intrinsic variables (genetics and mail-
to:author@institute. xxxneurotransmitter levels, among oth-
ers) [3], in explaining neurodegeneration and the decline of
cognitive functions that occur in old age [4]. One of the fac-

Cytokines are proteins that respond to pathogens with
cells of innate and adaptive immunity and also act on in-
flammatory processes [9]. Among cytokines, most studies
refer to IL-6, TNF-a, CRP and interleukin-10 (IL-10). TNF-a

tors currently under study is the interaction between the
immune system and inflammatory processes in the devel-
opment of old age, also known as ‘inflamm-aging’ [5].

It has also been shown that the balance between pro-
and anti-inflammatory cytokines, as well as their overall
levels, vary over an individual’s lifetime. Higher levels of
inflammatory markers such as tumour necrosis factor alpha
(TNF- @), interleukin-6 (IL-6) and C-reactive protein (CRP)
are found in older people [6] suggesting that decreases in

*Address correspondence to this author at the Department of Nursing,
Faculty of Nursing, University of Valencia, C/ Jaume Roig s/n 46010
Valencia, Spain; Tel: (+34) 963983143; Fax: (+34) 963864310,
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is the main mediator of the acute inflammatory response in
which physiological function is stimulation of leukocytes,
signalling to sites of inflammation and activating them in
order to eradicate microorganisms and reduce inflammation
[10]. IL-6 is synthesized from mononuclear phagocytes,
vascular endothelial cells, fibroblasts, and adipose and mus-
cle tissues and its function is the stimulation of neutrophil
production by bone marrow progenitors, promoting the syn-
thesis of proinflammatory cytokines and inhibiting TNF-a.
Thus, the body returns to its resting state as the inflamma-
tory process is eradicated [11]. CRP is a risk marker for
cardiovascular disease, which also features an important
function in the inflammatory process, especially in the acute
phase, when CRP can increase up to 1000 times its normal

© 2021 Bentham Science Publishers
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serum level. This protein is produced and released into the
bloodstream by hepatocytes, but it can also be produced by
arterial walls. Its synthesis is stimulated by IL-1 and IL-6,
which are released by macrophages. Among several func-
tions attributed to CRP, perhaps the most important is the
synthesis of phagocytic components, which removes struc-
tures from blood circulation and induces an anti-
inflammatory effect. These events promote tissue repair
[12]. IL-10 is a key anti-inflammatory cytokine that acts on
the inhibition of systemic inflammation and is also noted
that it plays an important role in the inhibition of TNF-a
production. Also, the TNF-o/IL-10 ratio is a good index that
represents the imbalance between the pro and anti-
inflammatory systems in humans [13].

The fact that IL-6 stimulates CRP synthesis and also
inhibits TNF- o proinflammatory properties, may be one of
the reasons why it has received special attention in the sci-
entific literature.

Several studies have reported evidence for the role of
IL-6 in the inflammatory processes through which the im-
mune system intercommunicates with the central nervous
system (CNS). It has been observed that IL-6 levels increase
with age and that high levels are associated with the cogni-
tive decline that occurs in old age [14-16]. In addition, IL-6
levels inversely correlate with hippocampal grey matter vol-
ume [17] as well as with the integrity of the brain white
matter [18]. Interactions between IL-6 and the CNS are one
of the mechanisms by which the immune system influences
the performance of cognitive functions, and these also play
arole in neurodegeneration and cognitive functionality.

On the one hand, there is evidence that high levels of
peripheral IL-6 negatively affect memory and learning [17],
is associated with a generally poor cognitive performance
[19], and that cognitive task performance declines in acute
inflammatory processes in the presence of high IL-6 levels
[20]. On the other hand, IL-6 is a peripheral inflammatory
mediator which can cross the blood—brain barrier to modu-
late central inflammatory processes, leading to increased
neurodegeneration and poorer cognitive function [18]. Spe-
cifically, the risk of future cognitive age-related decline is
accelerated when basal levels of IL-6 are high [21, 22].
Moreover, increased IL-6 levels have also been observed in
diseases characterised by cognitive decline or dementia and
in depressive disorders [23]. Thus, the risk of developing
neurodegenerative diseases may be lower when less IL-6 is
present [24].

Nonetheless, most studies associate IL-6 with proin-
flammatory responses and some authors have reported that
the acute increases in IL-6 levels caused by physical exer-
cise produce an anti-inflammatory response by inhibiting,
for example, the activation of the highly proinflammatory
tumour necrosis factor alpha (TNF-a) [25] while stimulating
the production of other predominantly anti-inflammatory
immune system molecules [26].

In aging, strategies to improve muscle and immune
function are caloric restriction, antioxidant supplementation,
and regular exercise training [27]. Engaging in physical ex-
ercise is one of the ways by which inflammatory markers
levels in general, can be lowered [28-30] and thus, physical
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exercise can be considered a biological aging decelerator.
Physical exercise in itself is a stressor, which produces in-
flammation and induces different immune responses associ-
ated with the production of interleukins, therefore inducing
anti-inflammatory responses. Several lines of evidence have
demonstrated that physical exercise is associated with a sys-
temic reduction in inflammation [24]. Hence, maintaining a
good balance between pro- and anti-inflammatory cytokines
may be an important mechanism through which exercise
exerts its immunoprotective and immunoregulatory effects.
Additionally, new genetic studies suggest that these effects
of exercise may activate both genes involved in the produc-
tion of leukocytes as well as those that downregulate in-
flammation [31].

Although this mechanism is not yet fully understood,
some work published in the academic literature indicates
that exercise parameters such as intensity and duration are
important factors in sufficiently regulating cytokines in or-
der to provoke this protective anti-inflammatory response,
both in healthy individuals and in those with different pa-
thologies [31]. In this article, we examine the relationships
between physical exercise and inflammatory makers levels
described for the different physical exercise protocols that
have already been tested in older people.

2. METHODS

We searched the CINAHL, Scopus, Web of Science,
Embase, Cochrane Library, and PubMed electronic data-
bases from December 2009 until 10 December 2019 using
the following keyword search terms: ‘aging’ or 'older peo-
ple' and ‘exercise’ or ‘physical activity’ and ‘inflammatory
maker'. This produced insufficient information and so we
also conducted four more searches using the specific in-
flammatory marker (TNF-a, CRP, IL-6 and IL-10) as the
keyword search terms. Google Scholar and the reference
lists of the articles retrieved using the previously described
search strategy were also checked in order to identify any
additional potentially relevant publications.

253 records were identified through database searching
described above. However, with the aim of analysing arti-
cles in which aerobic exercise protocols as well as resistance
exercise protocols in human had been described, excluding
articles in animals, sample patients with pathologies and
articles without description of the exercise protocol or in
which a combination of protocols exercise are used, we ana-
lysed 24 studies (Fig. 1)

3. RESULTS

Resistance exercise is distinct from aerobic exercise in
that it focusses on repeatedly overloading muscles during
static, isometric, or dynamic contractions, which causes the
connections between the musculature and nervous system to
become closer and stronger [32].

We found a wide variety of studies using different types
of exercise programs and activity protocols. Some studies
used aerobic exercise schedules designed to improve car-
diorespiratory fitness by increasing the metabolic effort re-
quired to complete the exercise, thus requiring the partici-
pants to increase their breathing rate, heart rate, and blood
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Records identified through database searching

n=253

Records excluded applying exclusion criteria (studies in
animals; sample patients with pathologies; combination
of protocols exercise and nutritional supplement)
n=209

Full text articles assessed for eligibility

n=44

Full text articles analysed
n=24

Fig. (1). Flow diagram, process of the review.

flow to match the intensity of the exercise. These aerobic
exercise protocols involve activities that require using large
muscle groups, such as in the rhythmic propulsion of body
masses during movements at different intensities (e.g.,
walking, jogging, or running) or through activities with a
lower mechanical impact (e.g., swimming or cycling). Other
studies used resistance training protocols designed to im-
prove muscle strength and endurance via specialised muscu-
lar conditioning methods; these normally involved some
gym equipment such as free weights, weight machines, elas-
tic bands, and/or body weight exercises.

Most studies analysed the effects of physical exercise on
IL-6 in older people used aerobic exercise protocols [33-42].
However, these studies were heterogenous and included
populations aged between 40 and 95 years, used different
aerobic exercise protocols, lasted between 2 and 12 months,
and were preformed between 2 and 5 times per week at an
intensity of 45% to 80%. Nonetheless, the results obtained
in these different studies usually showed that regular aerobic
exercise decreased the presence of inflammatory markers
such as IL-6, TNF-a and CRP, and increased I1-10. How-
ever, the results were very variable because of the variation
in their protocols and inclusion criteria, as also described by
other authors [43].

Interestingly, more physical exercise studies with a fo-
cus on strength training are now being carried out in popula-
tions of older individuals [44-57]. In terms of IL-6, the re-
sults from studies which implemented strength training pro-
tocols were more contradictory than those from aerobic ex-
ercise studies. Strength training tended to produce a lower
chronic effect on IL-6, TNF-a, CRP and IL-10 while also
resulting in an acute increase in IL-6 levels [56, 57]. How-
ever, strength training studies were limited by the fact that
they included fewer participants (8 to 17 individuals) than
the aerobic exercise studies and because their characteristics
were also very heterogeneous, both in terms of the exercises
implemented and their intensity, the muscle groups in-
volved, the protocol duration (1-8 months), and exercise
frequency (2—3 times per week).

Tables 1 and 2 include information about the author/s
and year of publication of the analysed studies; the sample
investigated, with details of age, type of exercise, protocol

Full text articles excluded with reasons
(no description of exercise protocol; combination of
exercise protocols)
n=20

exercise, type of response; and finally, their results regard-
ing inflammatory markers levels.

4. DISCUSSION

There is strong evidence in the scientific literature indi-
cating that exercise has numerous beneficial effects on the
CNS by exerting both neuroprotective effects as well as
delaying and slowing the decline in cognitive performance
produced by age. This data also suggests that engaging in
physical exercise improves and optimises different cognitive
functions such as learning, memory, and executive functions
[58]. Exercise programs are shown to improve skeletal mus-
cle mass and power, aerobic power, and functional capacity
in the elderly, attenuating age-related physiological declines
[59]. Furthermore, numerous studies have revealed that ex-
ercise has an anti-inflammatory effect that positively affects
neuroplasticity [14].

Many unresolved questions remain about the specific
mechanisms by which exercise mediates these beneficial
effects on the cognitive system but there is increasing evi-
dence that the immune system plays a strong role in them.
The anti-inflammatory effects of exercise are mediated by
multidirectional pathways. Some of them are exerted in adi-
pose tissue, skeletal muscles, immune system cells, and the
cardiovascular system. These effects include modulation of
anti-inflammatory and pro-inflammatory cytokine profiles
[8], achieving an adequate balance between both of them.
Pro- and anti-inflammatory cytokines must be properly bal-
anced for the immune system to exert its positive or negative
effects on brain neuroplasticity in order to modulate and/or
consolidate the reorganisation of neural networks [60].

Given the mounting evidence for the role of exercise in
inflammation, there is a strong academic interest in analys-
ing the effect of different physical exercise protocols. Resis-
tance training and/or aerobic training have been pointed out
as a practice that could mitigate the deleterious effects of
immunosenescence [7]. Evidence of regular aerobic training
in older people showed that it caused a decrease in TNF-a
plasma concentrations and an increase in the anti-
inflammatory cytokine IL-10 [43]. Regarding Resistance
Training, the previous evidence showed a reduction in
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Table 1. Summary of studies included in this review (Chronic response).
References Age Aer (Ae:roblc Exer.cls.e)/RT Protocol Findings
(Resistance Training)
[33] Irwin and Olmstead, 59-86 Aer: Tai Chi Chih 40 min/session,3 session/week for 16 weeks; Moderate IL-64
2012 ' intensity CRP &
25-30 min/day,3—4 days/week with 45-55% HRmax for -6 1
[34] Tartibian et al., 2015 50-65 Aer: Walking the first 8 weeks; 40-45 min/day,4-6 days/week with 55— CRP{
65% HR for the final 8 weeks TNE- a 4
— i i i IL-6 &
[35] Nishida et al., 2015 65-85 Aer: bench step exercise 10 20.m1n/sessmn,3 times/day, and a goal of 140
min/week for 12 weeks; lactate threshold TNE- a &
IL-64
[36] Abdozli)alh 6pour etal, 50-74 Aer: aerobic exercise 50 min/day,3 days/week for 6 months; 70-80% HRmax TNF
oS
[37] Nasczl(r)liesnto etal, 60-70 Aer: aerobic exercise 16 weeks IL-6 1
64
B } . . . o
[38] El K?der and Al 60-68 Aer treadmill 40 min/session, 3 sessions/week for 6 months. 60-80% 101
Jiffri, 2019 HRmax
TNF-a !
IL-64
.. . 40 min/session, 3 sessions/week for 8 weeks. 40-70%
[39] Lee et al., 2015 65-70 Aer: walking in treadmill HRmax CRP |
TNF-a !
[40] Lima et al., 2015 63-72 Aer: treadmill 20-30 min/session, 3 sessions/week for 30 sessions. 50— IL-6 4
at ' 80% HRmax TNF- o <
uscari et al., - er: treadmi session, 3 sessions/week for 12 months. 70% ax
411M ietal., 2010 65-71 A dmill 1h/session, 3 ions/week for 12 hs. 70% HRm: CRP{
IL-64
[44] El-Kader et al., 2019 60-67 RT: 9 resistance machines 9 ex; 3x8-12 rep. 60" res/set. 60-80% RM IL-10 T
TNF-a !
61
[45] Thalainen et al., 2019 65-75 RT: whole-body strength training 7-9 ex, 2-5 x 4-12 rep, 6 months, 70-90% RM Crp L
[46] Cao et al., 2019 65 RT: 6 resistance machines 6 ex, 2-3 x 10-30 rep, 6 weeks, 40-80% RM CRP &
[47] Cunha et al., 2019 65-74 RT: 9 exercise free weights 9 ex, 1x15 rep, 20min/session, 3 sessions/week 12 weeks CRP !
gﬁi}eggl;};?{l;a ?:r?i Szhoell;) 60-64 RT: 6 resistance machines 6 ex, 4x10 rep, lh/sess;osr:%S Rs;:/[ssmns/week, 12 weeks, TNF- ¢ &
[49] Rodriguez-Miguelez 68-70 RT: leg press; biceps curl bench; 3 ex; lower limb and chest; vigorous; 3 x 08—12 Rep; L6l
etal., 2014 seated peck deck 2x/week, 8 weeks. CRP !
[50] Strandberg et al., 66-70 RT: leg extension 5 ex; whole body; vigorous; 3 x 15 to 08 Rep; 2x/week, -6l
2015 ' 24 weeks. CRP{
64
[51] Hagstrom et al., 46-60 RT: leg press 8 ex; whole body; vigorous; 3 x 08-10 Rep; 3x/week; 32 CRP L
2016 ' weeks.
TNF- o &
. . i . - . 1IL-6 4
[52] Nunes et al., 2016 57-65 RT: leg extension 8 ex; whole body; vigorous; 6 x 08-12 Rep; 3x/weck, 16
weeks. TNF- o &
RT: chest press; seated row; tri- -6 4
[53] Tomeleri ef al., 2018 65-75 ceps pushdown; preacher curl; 8 ex; whole body; moderate; 3 x 10-15RM, 3x/week, 12 CRP L
horizontal leg press; knee exten- weeks.
sion; knee curl; seated calf raised TNF- o |
CRP |
[54] Ogawa et al., 2010 80-89 RT: bands 4 ex,2x10 rep, 1 session/week, 12 weeks IL-6 &
TNF- o &
CRP |
[55] Marques et al., 2013 62-73 RT: resistance machines 60 min/session, 3x8 rep, 3 sessions/week, 32 weeks, 75- IL-6 4

80% RM

TNF- a &
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Summary of studies included in this review (acute response).

Aer (Aerobic Exercise)/RT

Ref A
elerences ge (Resistance Training)

Protocol Findings

7 sets of 10 repetitions at 110% of 10 RM with a

[56] Nascimento et al., 2016 | 60-74 RT: Eccentric resistance exercise . IL-6 | 48h after
rest of 3 min/set
[57] Gmiat et al., 2017 20-45 RT: High InFer‘151ty Circuit 10 exercises, %0 secolnds/exermse Wlt‘h 1.0 seconds IL-6 L 48h after
Training rest. 3 times with a rest of 2 min/time
IL-6 | 48h after
[42] Windsor et al., 2018 67-77 Aer: cycling 24 min at 40% IL-10 &
TNF- o &

resting levels of TNF-a and CRP [54], contributing, in the
long-term, to create an anti-inflammatory scene. Resistance
exercise has numerous benefits for the elderly, since it can
attenuate the loss of muscle mass during normal aging, and
increase muscle strength [7]. Skeletal muscle activity result-
ing from physical exercise is one of the main mechanisms
modulating both plasma and baseline levels of 1L-6 [61].
Several studies have observed a negative association be-
tween the amount of physical activity individuals usually
engage in and the levels of plasma IL-6, such that the more
activity they perform, the lower the levels of IL-6, and con-
versely, high levels of plasma IL-6 are related to physical
inactivity [62].

Studies analysing the interaction between physical exer-
cise and inflammatory makers levels can be subdivided into
those observing the effects after completing one exercise
session (acute effect) and those that measure the effects of
several sessions over time (chronic effect). The response to
the muscle damage caused by one exercise session (acute
effect), as a function of different exercise parameters (inten-
sity, duration, muscle types involved, efc.), appears to be an
acute increase in inflammatory makers plasma levels which,
in turn, destabilises homeostasis [25, 63]. The analysed
studies show that IL-6 is the inflammatory marker most
influenced by the effects of only one exercise session. Also,
an increase in its plasma levels was noted. This increase in
IL-6 levels produced by aerobic exercise protocols is greater
after engaging a single session, while the decrease in IL-6
levels (even below baseline) resulting from a single session
of resistance training is stronger after 48 hours of recovery.
In other words, in terms of acute effects, IL-6 levels increase
more with aerobic exercise and only fall below basal levels
at least 48 hours after completing a resistance training ses-
sion.

On the other hand, a result of a regular physical activity
(chronic effect) is a decrease of TNF-a, IL-6 and CRP
plasma levels as well as an increase of IL-10 plasma levels.
Based on those results, it is highlighted the fact that regular
physical exercise attenuates the acute effect by reducing
these increases in IL-6 levels (chronic effect). Thus, the fi-
nal increases in plasma IL-6 levels are a function of the fit-
ness status of each person and their level of adaptation to
physical exercise [63]. This decrease in IL-6 plasma levels,
observed after only one exercise session in individuals who
regularly do physical exercise, is also observed in basal IL-6
levels, such that people who regularly exercise have lower
baseline levels of this cytokine than those who are sedentary

[61]. Therefore, the chronic response to regular physical
exercise results in both a minor increase in this acute re-
sponse and a decrease in basal IL-6 levels. Regarding the
differences between all the different physical exercise pro-
tocols previously studied, it seems that both aerobic and
resistance training leads to a variation in the plasma levels
of the inflammatory markers analysed (TNF-a, IL-6 and
CRP plasma levels decrease; IL-10 plasma levels increase)
as a chronic effect, although the most favourable results
were obtained in studies following aerobic exercise proto-
cols.

Although the mechanisms by which these acute and
chronic effects occur are not exactly understood, there is
evidence that plasma levels of IL-6 could be regulated dur-
ing exercise by both central and peripheral signalling. At
the peripheral level, numerous studies have revealed that
both type I and type II muscle fibres produce IL-6 in re-
sponse to muscle contractions, causing the plasma levels
of this cytokine to increase as an acute effect [64]. This
increased release of IL-6 is mediated by muscle glycogen
so that as the levels of this molecule decreases, more in-
tramuscular IL-6 is produced and plasma IL-6 levels in-
crease. However, as training continues, the intramuscular
expression of IL-6 receptors (IL-6R) increases as a chronic
effect, suggesting that muscles become more sensitive to
intramuscular IL-6, thus causing plasma IL-6 levels not
increase as much [40]. Therefore, at a muscular level, the
low concentration of muscle glycogen caused by engaging
physical exercise stimulates the IL-6 production, which is
reflected as an increase in IL-6 plasma levels. However, as
an adaptation to performing this physical exercise, sensi-
tivity to intramuscular IL-6 also increases as a result of the
upregulation of its receptor (IL-6R) and so, the same
physical exercise that had previously caused a decrease in
muscle glycogen levels will no longer increase plasma IL-
6 levels as much.

At the level of the CNS, plasma IL-6 levels seem to also
depend on signalling from the brain. While the release of
IL-6 at the muscular level is proportional to the decrease in
glucose levels, the brain produces an inverse signal so that
when blood glucose levels are high, the brain signals to in-
crease IL-6 plasma circulation, ceasing its release when
blood glucose values are low [65]. Thus, fulfilling both sig-
nals (muscular and brain-mediated release) creates the ho-
meostatic equilibrium of plasma IL-6 levels. An increase in
the release of IL-6 at the central level has been observed
during exercise, although this increase in IL-6 is much
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Fig. (2). Exercise parameters vs. IL-6 levels. AER: aerobic exercise; RT: Resistance training.

smaller than the release of IL-6 that occurs at the muscular
level (Fig. 2).

None of the studies we reviewed, specified the suitabil-
ity or superiority of a given protocol type over others to im-
prove inflammatory makers levels in older people. The het-
erogeneity of the studies available in the scientific literature,
both in terms of their participants (e.g., their initial fitness or
inflammation levels) and the exercise parameters (duration,
intensity, frequency, efc.), meant that it was difficult to draw
many clear associations from them. However, all these arti-
cles noted that exercise intensity and duration, as well as
participant fitness levels, were decisive elements in some of
the noted improvements. Both studies that used aerobic ex-
ercise and those that used resistance training protocols noted
a long-term decrease in plasma TNF-o, CRP and IL-6 lev-
els, and increase IL-10 levels (chronic effect). Nonetheless,
these levels seemed to fall even further when using aerobic
exercise regimens, with the length of time spent exercising
being the most decisive parameter.

Regarding the acute effect, we did not find enough evi-
dence on TNF-a, CRP and IL-10 levels to have a strong
conclusion about that. However, with respect to I1-6 plasma
levels, the most notable increase seemed to occur at the pe-
ripheral level (intramuscularly). Continuing exercise pro-
grams for longer periods usually resulted in an adaptation
mediated by the upregulation of intramuscular IL-6 recep-
tors which consequently, decreased IL-6 output into the
blood plasma. Thus, exercise intensity and duration are
likely decisive in this reduction in IL-6 because muscles
must be depleted of glycogen for this adaptation to occur.
This also probably means that the benefits of resistance-
based exercise programs (in terms of IL-6 reduction) could
be enhanced by designing exercise protocols that focus on
muscular engagement.

In addition to the influence that exercise intensity and
duration have on decreasing the IL-6 levels of these pa-
tients, the participants’ baseline fitness and inflammation

levels were also important factors. Regardless of whether
aerobic or resistance-based training protocols were per-
formed, both the acute (increase in IL-6 levels) and chronic
(decrease in baseline IL-6 levels) effects were highest
among those with the lowest baseline fitness levels and/or
highest initial states of inflammation [45]. Of note, while
the intensity and duration of the exercise regimens used in
the study protocols we examined were perhaps enough to
bring about adaptations in patients not used to physical
exercise, they may not have stimulated sufficient muscular
stress (and thus, produce the aforementioned adaptations)
in individuals who already maintained a daily exercise
habit. Regarding the baseline inflammation statuses of the
participants, these studies seemed to show that the minor
stress stimuli caused by exercise restored the homeostatic
inflammatory balance. Therefore, considering that both the
exercise parameters and patient baseline characteristics
(e.g., their fitness levels) are decisive in how physical ex-
ercise protocols will affect IL-6 levels, these regimens
must be adequately adapted to suit the individual charac-
teristics of each person (Fig. 3).

Given that resistance training protocols focus at the mus-
cular level, it is reasonable to infer that engaging in this type
of exercise (at appropriate intensity levels) would be prefer-
able. This is because, compared to aerobic exercise,
strength-based resistance training would most likely achieve
greater glycogen deposit depletion and consequent intra-
muscular IL-6 receptor proliferation. Hence, although the
stimuli generated by this resistance training would lead to an
increase in plasma IL-6 levels, regularly engaging in this
type of exercise would increase IL-6R expression and de-
crease the levels of IL-6 reaching the bloodstream. Thus, a
chronic adaptation would be achieved that would lower
plasma IL-6 levels and increasingly attenuating future
spikes in IL-6. Nonetheless, as these adaptations are taking
place, resistance exercise should start to be combined with
other predominantly aerobic protocols, focusing on duration
as the most relevant parameter. This would further enhance



1014 Endocrine, Metabolic & Immune Disorders - Drug Targets, 2021, Vol. 21, No. 6

Gomez-Rubio and Trapero

INFLAMM-AGING ‘ [ ]

INTENSITY
DURATION

BASELINE FITNESS LEVEL ‘ | |

The higher the level of fitness, the greater the duration and intensity
The higher the level of inflammation, the shorter the duration and the smaller the intensity

Fig. (3). Subject variables vs. exercise parameters.

the decrease in baseline levels of pro-inflammatory cytoki-
nes, as observed in longitudinal studies.

This article could have important clinical implications
for developing physical exercise protocols in older popula-
tion because it confirms the importance of adapting the pa-
rameters of intensity and duration of exercise to the individ-
ual characteristics, physical condition and level of inflam-
mation of the elderly, in order to achieve the expected re-
sults. However, some of this article's limitations are that we
have not compared the way of assessing the level of physi-
cal condition and inflammation level of the individuals in
different studies. We have not analysed either the effects of
the different inflammatory markers in both types of physical
exercise. It becomes evident that more comparative studies
are needed to draw conclusions about the suitability of one
type of exercise or another.

CONCLUSION

As a stressor, physical exercise initially seems to cause
an acute response, leading to an increase in pro-
inflammatory cytokines levels. Although at first, this may
be counterproductive in older or physically inactive indi-
viduals (who usually have high levels of inflammation),
they could benefit from the chronic response achieved by
engaging in and adapting to regular exercise. Specifically, a
reduction in both the basal levels of IL-6 and in the peak
acute-response IL-6 levels produced during future physical
exercise sessions. This double-chronic response would fa-
vour both an anti-inflammatory effect and a decrease in ba-
sal pro-inflammatory cytokines levels, therefore reducing
the state of systemic inflammation in these patients and fa-
vouring the neuroprotective effect that physical exercise has
on cognitive functions.

Regardless of whether aerobic or resistance type exer-
cises are performed, it seems that the intensity and duration
of this exercise are the most important parameters for pro-
ducing the desired decrease in pro-inflammatory cytokines
levels.
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Abstract: Background: One of the physiological changes that is most closely associated with frailty is
the increase in pro-inflammatory cytokines, and IL-6 in particular. Most studies have demonstrated
this association using blood samples. We analyzed the relationship between frailty syndrome,
individual frailty criteria, and IL-6 levels obtained by saliva tests. Methods: A cross-sectional pilot
study was performed among women institutionalized in nursing homes. Frailty was defined as
having three or more of the following components: low lean mass, weakness, self-reported exhaustion,
low activity level, and slow walking speed; prefrailty was defined as having one or two of those
components. Results: There was a significant and positive correlation between the frailty score and
salivary IL-6 concentration. Regarding the associations between IL-6 and individual dichotomized
frailty criteria, there were significant differences in salivary IL-6 concentration in two frailty criteria:
weight loss (p = 0.002) and low physical activity (p = 0.007). Receiver operating characteristic curve
analysis showed that IL-6 concentration significantly (p < 0.05) (although moderately) discriminated
patients that progressed in the frailty syndrome (the area under the curve value was 0.697 with 95%
CI0.566-0.827). Conclusions: Salivary IL-6 concentration can be used as potential biomarker of frailty
syndrome and as a tool to monitor the effects of interventions in frail individuals.

Keywords: salivary biomarkers; frailty; IL-6; fatigue; weight loss; physical activity

1. Introduction

Frailty is a crucial age-related clinical syndrome that is commonly defined as a state of
increased vulnerability to external stressors, and occurs as a consequence of the cumulative
decline in many physiological systems over a lifetime [1]. This syndrome describes the
physical and functional decline that occurs as a consequence of certain diseases (e.g., cancer
and chronic infection) but which can also occur in the absence of disease [2]. In recent years,
frailty has been recognized as an emerging public health priority and the need for early
recognition and intervention for frailty is pressing [3]. This is because it is widely accepted
as a critical issue for aging populations worldwide, as it is relevant to multiple adverse
outcomes, including hospitalization, institutionalization, and premature mortality [4].

An internationally accepted definition of frailty has still not been reached despite
the importance of this clinical syndrome. The most commonly used definition considers
frailty to be a phenotype comprising five indicators: unintentional weight loss of 5% or
10 pounds within one year, slow gait speed, reduced grip strength, exhaustion, and physical
inactivity. Frailty is clinically diagnosed by the presence of three or more of these indicators
and is preceded by a prodromal stage known as prefrailty, defined by having one or two
indicators [5].

The pathophysiological changes underlying and preceding frailty are not clearly
known. The etiology of frailty is not well understood, but it has been associated with
changes in several physiological systems, including inflammation, coagulation, hemato-
logical, and endocrine systems [6]. Inflammation is one such potential pathophysiological
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change, which may be closely linked with frailty [7]. Pro-inflammatory cytokines may
influence frailty either directly, by promoting protein degradation, or indirectly by affecting
important metabolic pathways [8]. Researchers have reported that increased levels of
inflammatory markers, such as interleukins-6 (IL-6), tumor necrosis factor-« (TNF -«), and
C-reactive protein (CRP) are associated with frailty syndrome [9]. In particular, several
studies have found a significant association between IL-6 in blood and frailty syndrome
in older individuals [10-16]. The fact that IL-6 stimulates CRP synthesis and inhibits
TNEF-o, may be one of the reasons why it has received special attention in the scientific
literature. IL-6 is synthesized from mononuclear phagocytes, vascular endothelial cells,
fibroblasts, and adipose and muscle tissues. Its concentration is modulated by numerous
factors, including proinflammatory agents, viral and bacterial pathogens, neurotransmitters
and second messengers, and its function is stimulation of neutrophil production by bone
marrow progenitors, promoting synthesis of proinflammatory cytokines and inhibiting
TNF-« [17,18]. Several studies have reported evidence for the role of IL-6 in the inflam-
matory processes through which the immune system intercommunicates with the central
nervous system (CNS). It has been observed that IL-6 levels increase with age and that high
levels are associated with the cognitive decline that occurs in old age [19-21]. In addition,
IL-6 levels inversely correlate with hippocampal grey matter volume [22] as well as with
the integrity of the brain white matter [23]. Interactions between IL-6 and the CNS are one
of the mechanisms by which the immune system influences the performance of cognitive
functions, and these also play a role in neurodegeneration and cognitive functionality [24].

Owing to its easy application in clinical practice and prognostic value in therapeutic
decisions in medical specialists, the identification of a frail status is essential in older adults.
Biomarkers may help identify patients who are at a risk of becoming or being frail [10].
Biomarkers provide objective, measurable indices for normal and/or pathogenic states as
well as responses to therapeutic interventions [25]. They are useful for detecting subclinical
changes that lead to observable indicators of frailty and testing intervention protocols for
frailty, as they reflect changes in physiological processes that underlie and/or relate to
frailty [26].

In order to better understand the etiology, time course, and consequences of inflam-
matory processes and to develop better interventions, there is a need for new methods for
assessing inflammation that can be conducted in ecological contexts, across time, and at
multiple moments throughout the day [27]. Blood has been the usual biological fluid in
which many analytes are measured for clinical and research purposes. This is reasonable,
because blood is a systemic fluid that reaches all parts of the body and can influence the
biological behavior of tissues or on the other hand, receive and transport tissue-derived
components that reflect what is taking place in bodily tissues [28]. Although the detection
of serum and blood biomarkers is a standard practice, the use of noninvasive samples
is desirable.

When studying other methods, some authors have reported that saliva is a potential
diagnostic tool because of its ease of collection and noninvasiveness. [29]. Human saliva
contains proteins, peptides, hormones, and enzymes, each of which can easily be used
to assess different diseases [30]. Approximately 1400-2000 proteins have been identified
in saliva [31]. The number of proteins in saliva shows its diversity, and each of these
proteins can be used as a simple tool to assess toxicity, infection, and immunological and
hormonal levels. Human saliva represents whole body images and is also known as the
“mirror of the body”. A biomarker is a measurable nano-protein, which is used to predict a
biological state [32]. Some studies have analyzed salivary IL-6 levels in patients not only
with common oral pathologies [33], but also in systemic diseases such as polycystic ovary
syndrome [34], bladder pain syndrome sleep disorders [35], in sepsis [29], Huntington’s
disease [36], diabetes [37], in stroke [38], Hashimoto’s disease [39], and inflammatory
diseases [40]. However, the association between salivary IL-6 levels in patients with frail
syndrome is unknown. There is a consensus about the role of blood IL-6 levels and its
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correlation with frailty syndrome in older individuals. This study aims to analyze the
relationship between frailty syndrome and IL-6 levels obtained through saliva tests.

2. Materials and Methods
2.1. Study Population

A cross-sectional study with a residential profile was conducted in 2019, among
institutionalized older individuals living in long-stay centers (GeroResidencias La Saleta,
Valencia, Spain) in the province of Valencia (Spain). Exclusion criteria were dementia, severe
psychiatric illness (schizophrenia, bipolar disorder, etc., which will have not permitted
answering to questions) or blindness (which will have not permitted the measurements of
all frailty criteria). In order to rule out the contribution of known inflammatory processes
to modify IL-6 levels, residents with acute infections requiring antibiotic treatment, known
cancer, inflammatory and autoimmune diseases were also excluded. None of the patients
were receiving corticoid or immunosuppressive drugs at the time of saliva sampling.

This research was conducted according to the requirements of the Declaration of
Helsinki, and the entire study protocol was approved by the local ethical committee.
Written informed consent was obtained from all participants. We measured the socio-
demographic characteristics, and the five frailty criteria (involuntary weight loss, low
energy or exhaustion, slow mobility, muscle weakness, and low physical activity) based
on Fried’s frailty criteria [5], and performed geriatric assessments using the Tinetti index,
mini-mental score examination (MMSE) test, Yesavage scale, Barthel index, and Athens
insomnia scale (AIS) to estimate the severity of insomnia.

2.2. Measurement of Frailty Criteria

Frailty was measured by assessing the presence or absence of five measurable criteria
of the frailty syndrome (Fried criteria [5]) which were defined as follows:

(1) Weight loss. Weight loss was defined as the unintentional loss of 4.5 kg or more in the
past year.

(2) Self-reported exhaustion. Exhaustion was indicated if the subjects responded posi-
tively to either of the statements on the Centre for Epidemiological Studies depression
scale [41]: “I felt that everything I did took a lot of effort at least three or four days a
week” and “I felt that I could not keep doing things at least three or four days a week”,
when referring to the previous week, or if the subject answered “Often” or “Most of
the time” to the question “How often in the last week did you feel that everything
you did was an effort?”, which is also included on the Centre for Epidemiological
Studies depression scale [42]. All burnout criteria were estimated to be present.

(3) Physical activity (PA). Low PA was quantified using the Spanish adaptation of the
Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ) readapted for
women [43,44]. The MLTPAQ was administered by a trained interviewer who was
provided with precise instructions and a detailed list of PA. The participants received a
list of activities and were asked to tick those they had performed during the past year.
To avoid recall bias as much as possible, activities performed in the last week were
compiled first, followed by those performed in the last month, the last quarter and
finally the last year, always including the first periods. For validation purposes, only
the information referring to the last year was used. The total leisure time PA energy
expenditure (EEPA) was calculated from this questionnaire and used to quantify
PA [45].

(4) Slowed motor performance. Slowness was assessed using the 4-6 m walking speed
test, adjusted for sex and height according to the standards of the Brief Physical
Performance Battery [46]. A low walking speed was estimated to correspond to the
worst quintile for sex and height of the group.

(5) Weakness. To determine weakness, strength was measured with a Jaymar hydraulic
dynamometer, according to the standards of the Hispanic Established Populations for
the Epidemiologic Studies of the Elderly [47].
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People who met three or more criteria were classified as frail, those who met 1 or 2
were pre-frail, or those who did not meet any of the criteria were robust.

2.3. Measurement of IL-6

Saliva samples were collected from the patients described above in the morning, with
at least 2 h of fasting (between 9-11 h in the morning) using the Salivette® Cortisol system
(Sarstedt, Germany). 100 uL of each sample were centrifuged and the supernatant was
aliquoted into Eppendorf tubes and frozen (—80 °C) until further analysis. The samples
were brought to room temperature, and immunoassay ELISA analysis was performed
using the High Sensitivity Human Elisa Kit for IL-6 (AbCam ab46042) according to the
manufacturer’s instructions. Changes in color intensity and the absorbance at 450 nm
and 490 nm was read using the ELISA microplate reader, and a standard curve was
prepared by plotting absorbance readings of standards against their concentrations using
the Graphpad program.

2.4. Statistical Analysis

The continuous variables were expressed as the mean and standard deviation, and the
categorical variables as the absolute value with their percentage. The normal distribution
of each variable was assessed with the Shapiro-Wilk test in order to determine whether a
parametric or non-parametric test should be applied. The correlation between quantitative
variables was determined by Spearman’s (for non-normal data distribution) or Pearson’s
(for normal data distribution) correlation test. The differences between the two groups were
analyzed with the non-parametric Mann—Whitney U test or the parametric Student t-test.
We evaluated linear correlations between continuous variables using the Spearman’s rank
test. The discrimination accuracy of the predictive model was calculated using C-statistics
(area under the receiver operating characteristic curve; AUC). Statistical significance was
set at a p-value of less than 0.05. All statistical analyses were performed using the SPSS
software package (version 24.0; SPSS, Inc., Chicago, IL, USA).

3. Results
3.1. Study Population, Frailty Score, Geriatric Assessment

A total of 72 subjects (84.7% female) living in nursing care centers located in the
province of Valencia (Spain) were recruited for the study. A total of 8.5% of the patients
were found to be robust, 54.9% were prefrail, and 36.6% were frail. The most common
Fried’s criterion in the sample was poor physical activity (75%) followed by slow walking
speed (68.1%), exhaustion (29.2%), weakness (22.5%), and weight loss (8.3%). The psycho-
geriatric assessments are shown in Table 1.

Table 1. Characteristics of the study sample.

Category Mean Value Range
Age (years) 833 £6.9 6699
Yesavage scale (depressive symptoms) 35+32 0-11
Athens insomnia scale 46+4 0-16
Barthel index (basic activities of daily life) 741 £ 22 25-100
Tinetti balance index 105+ 3.6 1-16
Tinetti gait index 8.0=£28

0 criteria = 6 individuals
1 criterion = 18 individuals

Frailty criteria 2 criteria = 22 individuals
3 criteria = 19 individuals

4 criteria = 7 individuals

0-12

Mean =+ standard deviation and range for each value/scale. Geriatric assessment was evaluated by validated
scales: Tinetti gait and balance index to determine the risk footfalls, mini-mental score examination test (MMSE),
Yessavage scale for geriatric depression, Barthel index to measure the activities of daily living and mobility, Athens
insomnia scale (AIS) to estimation of the severity of insomnia.
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3.2. Evaluation of the Relationship between Salivary IL-6 Concentration and Geriatric Scales and
Frailty Criteria

IL-6 was not significantly associated with any of the geriatric assessment scales (Tinetti
gait index: r = 0.18; p = 0.12; Tinetti balance index: r = 0.22; p = 0.064, Spearman); Barthel
index to measure the activities of daily living and mobility (r = 0.91; p = 0.44, Spearman);
MMSE test for cognitive impairment (r = —0.15; p = 0.20); Yesavage scale for geriatric
depression (r = —0.23; p = 0.08, Spearman); or the Athens insomnia scale for severity of
insomnia (r = 0.17; p = 0.14, Spearman).

No significant correlations were observed between IL-6 count and self-reported ex-
haustion (r = 0.23; p = 0.848, Spearman), hand grip strength (r = 0.13; p = 0.280, Spearman),
or slowed motor performance (r = 0.13; p = 0.267, Spearman).

However, there was a significant and positive relationship between the number of
fulfilled frailty criteria with IL-6 (r = 0.26; p = 0.025, Spearman) (Figure 1A) and a negative
relationship between the specific physical activity criteria (r = —0.31; p = 0.007, Spearman)
(Figure 1B).

80 80

o p=0025 70 p=0007
" . .
60 60
T 50 2 507
»
B 40 B 40 .
S 3 L]} "
= 304 2 30 . .
20
10-
0

Fried score

EEPA Kcal

Figure 1. Correlation between IL-6 and Fried score and physical activity. (A) Correlation between
IL-6 concentration in saliva and frailty score. (B) Correlation between IL-6 concentration in saliva
and total leisure time PA energy expenditure (EEPA).

There were no significant differences (p = 0.07, Kruskal-Wallis) for the IL-6 count
between different levels of frailty. There were no significant differences between IL-6 values
and sex (p = 0.496, Mann—-Whitney U) and no significant correlation between IL-6 values
and age (r = —0.053; p = 0.658).

There were significant differences between robust and frail individuals in the concen-
tration of salivary IL-6 (p < 0.043, Mann—Whitney U) (Figure 2).

120

* p=0.043

90

60

30

IL6 pg/mL

0_

-30 T T
Non frail Frail

Figure 2. Difference between frailty syndrome and IL-6 (pg/mL). Robust and pre-frail patients were
grouped into the non-frail group. Frail patients were those who met 3 or more of the frailty criteria.
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IL6 pg/mL

For each of the frailty criteria, there were significant differences in IL-6 between those
subjects who met the frailty criterion related to the reduction in physical activity and those
who did not (p = 0.007, Mann-Whitney U) (Figure 3A). Regarding the frailty criterion
“Involuntary weight loss” there was a significant difference in salivary IL-6 concentration
between the individuals that fulfilled this criterion compared to those did not (p = 0.002,
Mann-Whitney U) (Figure 3B).
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No Frailty criterion Frailty criterion No Frailty criterion Frailty criterion

Figure 3. (A) Difference between physical activity frailty criteria and (B) IL-6 (pg/mL) and weight
loss frailty criteria and IL-6 (pg/mL).

In order to analyze the sensitivity and the specificity of salivary IL-6 concentration
to discriminate frail versus non frail (robust) individuals, we performed the receiving
operating curve (ROC) analysis (Figure 4). The area under the curve value was 0.697 with
95% CI (0.566-0.827) and the cut-off value 3.74 pg/mL has a sensitivity of 69.0% and a
specificity of 52.8%.

1.0

0.8
206
2
- 04

02 /" AUC = 0.697 (95%Cl:

0.566-0.827)
0 0.2 04 0.6 08 1.0

1 - Specifity

Figure 4. Receiver operating characteristic (ROC) curve for IL-6 concentration and the ability to
discriminate between frail individuals versus robust plus pre-frail individuals.

4. Discussion

Frailty has been recognized an emerging public health priority [3]. In the development
of the investigation of frailty, many authors have concluded that inflammation is a potential
pathophysiological change, which may be closely linked with this syndrome [7]. Fried
hypothesized that high levels of cytokines may induce skeletal muscle loss and aggravate
neuroendocrine dysregulation, resulting in the muscle loss and weakness seen in the
frailty phenotype [5]. This study showed that the IL-6 levels in saliva were higher in
participants classified as frail. This is consistent with the observation by other authors
who reported a higher IL-6 serum concentration associated with frailty [48]. Researchers
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have indicated that increased levels of inflammatory markers such as IL-6, TNF-«, and
CRPin blood are associated with reduced muscle strength, poor physical function, frailty,
and mortality [49-51]. Several studies have reported evidence for the role of IL-6 in the
inflammatory processes through which the immune system intercommunicates with the
central nervous system (CNS) [52]. Interactions between IL-6 and the CNS are one of
the mechanisms by which the immune system influences the performance of cognitive
functions, and these also play a role in neurodegeneration and cognitive functionality. It is
well established that IL-6 is a potential biomarker for frailty, which could be evaluated as a
target for intervention [53] and is considered a predictive marker for incidents of frailty [54].

Regarding to each of the frailty criteria, in this study we demonstrated for the first
time that there are significant differences in salivary IL-6 between subjects who are frail
compared to pre-frail and robust ones. In addition, and in particular, the frailty criterion
regarding reduction in PA was significantly associated with changes in salivary IL-6 con-
centration in individuals that met this criterion compared with those that did not meet
the criterion. There is a significant body of evidence in the literature regarding levels of
inflammatory cytokines in IL-6 people and the level of regular exercise in their daily life. In
fact, at all ages, individuals engaging in regular physical activities show lower systemic
inflammatory markers in blood, including lower baseline IL-6 levels [55]. A negative
association between the amount of physical activity scores and the levels of plasma IL-6 has
frequently been reported, so that the more PA they perform the lower their levels of IL-6,
and conversely, high levels of plasma IL-6 are related to physical inactivity [56]. The activity
generated in the skeletal muscles by exercise is known to be one of the main mechanisms by
which the plasma and baseline levels of IL-6 can be modulated [57,58]. IL-6 is also known
to induce hepatic glucose output [59] and to induce lipolysis [60]. Physical exercise in itself
is a stressor which produces inflammation and induces different immune responses associ-
ated with the production of interleukins, thereby inducing anti-inflammatory responses.
Maintaining a good balance between pro- and anti-inflammatory cytokines may be an
important mechanism through which exercise exerts its immunoprotective and immunoreg-
ulatory effects. Furthermore, new genetic studies suggest that these effects of exercise may
activate both genes involved in the production of leukocytes and those that downregulate
inflammation [61]. Several lines of evidence have demonstrated that physical exercise is
associated with a systemic reduction in inflammation [62]. A study performed in older
men aged 65-74 years demonstrated that regular PA, independent of disease and disability,
alter the levels of pro-inflammatory cytokines in blood [63] i.e., the very physically active
group has lower levels of IL-6 than the less active group. In a sample of healthy men with a
range of physical activity profiles including older people, this variable was shown to be
associated not only with anthropometric variables such as body fat percentage, lean mass,
and mass, but also with plasma IL-6 concentration. In addition, age showed an indirect
effect on IL-6 through body composition, but no direct effect. The results suggest that PA
improves the inflammatory profile through the improvement of body composition, but that
there are other pathways as well [64].

Another criterion of frailty in which significant differences were found in this study
was weight loss. Interleukin-6 (IL-6) is a cytokine implicated in the regulation of energy
metabolism [65]. Elevated circulating levels of IL-6 influence both glucose homeosta-
sis [66] and lipid metabolism [67]. While the effects of IL-6 on glucose homeostasis are
conflicting [68], there is greater consensus regarding its role in regulating lipid metabolism.
Infusion of IL-6 into healthy individuals stimulates lipolysis and fatty acid oxidation [60].
In vitro studies of adipocytes and myotubes have confirmed the effects of IL-6 on lipolysis
and fatty acid oxidation, and evidence shows that IL-6 induces these effects by increasing
AMP-activated protein kinase (AMPK) [69]. Finally, studies in rodents support a regulatory
effect of IL-6 on adipose tissue mass. Whole-body IL-6 knockout mice develop mature onset
obesity and an overall increase in fat mass, a phenotype partially reversed by injection of
IL-6 [65].
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In this study, for IL-6, the area under the curve value was 0.697 with 95% CI (0.566-0.827)
(Figure 3), and the cut-off value 3.74 pg/mL has a sensitivity of 69.0% and a specificity of
52.8%. We demonstrated that higher serum IL-6 levels were significantly associated with the
higher levels of frail syndrome. Similar results were found for IL-6 serum concentration [9].
As for IL-6, at a concentration > 1.79 pg/mL, there was a sensitivity of 0.68 and specificity
of 0.68 for identification of frail patients, but the sensitivity and specificity were not high.)

Although the results obtained in this study that relate IL-6 with frailty and specifically
to levels of PA are well established in the literature, the fact that these results are obtained
through saliva suggest this technique can be used as a potential diagnostic tool. Similar
results have been obtained in salivary IL-6 values in patients diagnosed with inflammatory
diseases such as diabetes [37], sepsis [29] and Huntington’s disease [36]. More recently,
an increasing number of studies have suggested that salivary biomarkers can be useful
for the diagnosis and follow-up of some diseases or conditions, regardless of their blood
concentrations [28]. Some studies have obtained results indicating that salivary IL-6 is
highly correlated with blood levels [70]. Saliva testing can therefore be a non-invasive tool
for frailty diagnosis, without the sampling technique entailing added stress for the patient
which implies changes in levels which could occur as a result of the stress associated with
drawing blood [35], and it is inexpensive, can be conducted in ecological contexts across
time, and at multiple moments throughout the day [27]. Saliva tests could therefore be
used for the diagnosis and to indicate the existence or the risk of developing a disease, as
well as the response to a particular therapy. Salivary diagnostics is a rapidly emerging
field that is dependent on the development of sensitive and specific biomarkers that can be
employed in large scale clinical settings.

The main limitation of our study is the small sample size. Despite it being a homoge-
neous sample because subjects are institutionalized older individuals living in long-stay
centers, and therefore with healthy and controlled habits (no smoking, no alcohol con-
sumption), we have not been able to eliminate the influence of all confounding factors
that could modify IL-6 levels. There are mixed reports in the literature about the relation-
ship between salivary IL-6 and dental and periodontal disorders. A lack of correlation
between IL-6 concentration in saliva and the presence of periodontal diseases has been
already demonstrated. Dogan et al. measured periodontal parameters, including gingival
index and plaque index, and did not find any significant association between these pa-
rameters and IL-6 concentration in saliva [71]. In contrast, in patients with calcified dental
plaque composed of calcium phosphate mineral salts and surrounded by a non-mineralized
bacterial layer (called dental calculus), the salivary IL-6 concentration was higher with
associated chronic periodontitis [72]. In totally edentulous patients with implant-supported
overdentures, the concentration of IL-6 in saliva can be used as markers of peri-implant
disease [73]. Significant longitudinal associations between oral health indicators and frailty
that highlight the importance of oral health as a predictor of frailty in older age [74]. Frailty
syndrome is independently associated with the presence of dental caries and oral status [75].
However, periodontal disease has a weaker association with frailty compared with number
of teeth [76], demonstrating no significant association between periodontitis and the frailty
criterion grip strength [77,78]. Future research should investigate the role of potential
mediating factors in the association between salivary IL-6 and frailty syndrome.” More-
over, our study being a cross-sectional study, does not allow inference about cause—effect
relationship between IL-6 and frailty syndrome; therefore, future longitudinal studies with
larger samples will be necessary in order to know the relationship and confounding factors.

More research is needed to differentiate the IL-6 levels between frail and pre-frail
individuals and acquire an early identification of frail status, essential for clinical practice
and the therapeutic decisions to curb the syndrome. It is reasonable to assume that future
clinical studies will progressively demonstrate the usefulness of salivary biomarkers related
to inflammatory molecules, such as IL-6, for the diagnosis and follow-up of some diseases,
and specifically for the diagnosis of the frailty.
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In conclusion, this study shows a relationship between frailty syndrome and IL-6 levels
obtained through saliva tests. Level of IL-6 is higher in frail individual compared non-frail
group as well as it is higher in those subjects who met the frailty criterion related to the
reduction in physical activity and the individuals that fulfilled the criterion “Involuntary
weight loss” compared to those who did not. These results suggest that salivary IL-6 tests
can be useful to distinguish between fragile and non-fragile people and therefore this
technique can be used as a potential diagnostic tool.
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