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RESUMEN



Eva Montero Lopez Tesis Doctoral: Resumen

Esta tesis consta de once capitulos que se estructuran en los siguientes cuatro apartados:
a) introduccion (capitulos I, 11 y I1I), b) justificacion y objetivos (capitulo 1V), c) estudios
empiricos (capitulos V, VI, VII, VIl y IX), y d) discusion general, conclusiones y perspectivas
futuras (capitulos X y XI).

El primer apartado contiene la introduccion tedrica de la tesis, que se divide en tres
capitulos. En el capitulo I, se define el estrés psicoldgico, sus principales modelos tedricos asi
como la respuesta fisiologica del ser humano al estrés. El capitulo 11, expone como se evalla la
respuesta al estrés a través de medidas de autoinforme, medidas psicofisiologicas, y medidas
endocrinas. Al final de este capitulo, se describen los principales estresores empleados en el
laboratorio para la investigacion de la respuesta al estrés y sus efectos. Por ultimo, en el capitulo
I11, se resumen las principales caracteristicas del lupus eritematoso sistemico (LES), sindrome
de Sjogren (SS) y esclerosis sistémica (SSc) incluyendo signos, sintomas, tratamiento asi como
los efectos del estrés psicolégico en estas tres enfermedades. Para acabar con la parte
introductoria, se exponen las principales teorias que tratan de explicar la relacion entre estres y
autoinmunidad, asi como los mecanismos subyacentes implicados en el empeoramiento de la
sintomatologia de las enfermedades autoinmunes a causa del estrés psicologico.

El segundo apartado, incluye el capitulo IV con la justificacion, las diferentes hipdtesis
y la descripcion del objetivo general y los objetivos especificos vinculados a cada uno de los
estudios que componen esta tesis.

El tercer apartado esta compuesto por cinco capitulos (V, VI, VII, VIIl y IX) e incluye
cada uno de los estudios empiricos de los que consta esta tesis doctoral. El capitulo V, incluye
un estudio sobre metodologia para determinar cuél de los dos protocolos de la Trier Social
Stress Test (TSST) adaptada a la realidad virtual (gafas o pantalla), producia mayor activacion
del sistema nervioso simpatico y del eje hipotalamico-hipofisario-adrenal (HHA) en personas

sanas. El objetivo de validar entre los dos protocolos, fue el de orientarnos en el protocolo que
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Eva Montero Lopez Tesis Doctoral: Resumen

mayor respuesta al estrés produjera para utilizarlo en los estudios posteriores. Los resultados
mostraron que el protocolo de la TSST adaptado a la realidad virtual (TSST-RV) mediante
pantalla, producia mayor activacion del sistema nervioso simpatico y del eje HHA.

Los capitulos VI y VII, incluyen estudios sobre dos variables influyentes: la primera
variable estudiada, fue la fase del ciclo menstrual; y la segunda variable, el tratamiento
farmacoldgico corticoideo, que aungue no esta relacionada con el estrés psicoldgico, si podria
afectar al rendimiento de las pacientes autoinmunes. De este modo, el capitulo VI, incluye un
estudio sobre la posible influencia de las fases del ciclo menstrual en la secrecion de los niveles
de cortisol y por tanto del eje HHA. Se estudio en mujeres sanas en distintas fases del ciclo
menstrual, tanto sus patrones de cortisol en saliva diurno como sus patrones de cortisol en saliva
después de la TSST-RV. Los resultados mostraron que el patron de respuesta provocada por
una situacion de estrés de laboratorio, eran mayores en las mujeres que se encontraban en la
fase lutea frente a las mujeres que se encontraban en la fase folicular, sin haber diferencias en
los niveles de cortisol diurno. En el capitulo VII, se estudié si los efectos del tratamiento
corticoideo en la flexibilidad cognitiva (medida con el Trail Making Test) y toma de decisiones
de pacientes (medida con el lowa Gambling Test) con LES se ven afectadas. Los resultados
mostraron que pacientes con lupus bajo tratamiento corticoideo, tenian menor flexibilidad
cognitiva y peor toma de decisiones en comparacion con pacientes con lupus sin tratamiento
corticoideo y personas sanas.

El capitulo VIII, incluye el estudio sobre diferencias en la activacion del eje HHA en
mujeres con enfermedades autoinmunes (LES, SS y SSc) y mujeres sanas analizando sus
niveles de cortisol en saliva diurnos y sus niveles de cortisol de los Ultimos tres meses, a traves
de la concentracion del cortisol en el pelo. Los resultados mostraron que los niveles de cortisol
en saliva diurnos y los niveles de cortisol en pelo de los dltimos tres meses, eran

significativamente mas elevados en las mujeres autoinmunes que en las mujeres sanas.
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El capitulo 1X, incluye el ultimo estudio que cierra la seccion de estudios empiricos.
Este ultimo estudio engloba a todos los anteriores, siendo el principal de esta tesis. En estudios
anteriores, hemos determinado la metodologia a usar, las variables influyentes, y los niveles de
activacion del eje HHA de pacientes autoinmunes en su vida diaria. Por tanto, en este estudio,
se analizd la respuesta al estrés tanto a nivel del sistema nervioso simpético (a traves de la
conductancia dérmica) como a nivel del eje HHA (mediante el cortisol en saliva) en una
situacién de laboratorio (TSST-RV mediante pantalla), analizandose también los niveles de
cortisol en saliva diurnos; para compararlos en mujeres sanas y mujeres autoinmunes (LES, SS
y SSc) sin tratamiento corticoideo. Estas medidas se utilizaron para determinar la presencia de
mecanismos alterados en la respuesta al estres psicologico que explicarian el empeoramiento
de la sintomatologia en personas con enfermedades autoinmunes. Los resultados mostraron,
que la activacion del sistema nervioso simpatico era similar en las mujeres sanas y en las
mujeres autoinmunes, pero si existian diferencias en la respuesta del eje HHA tanto en los
patrones de respuesta a la TSST-RV como en los patrones de cortisol diurnos reflejados a través
de los niveles de cortisol en saliva.

El Gltimo apartado incluye el capitulo X con la discusion general sobre los principales
hallazgos encontrados en los cinco estudios de esta tesis, resaltando las principales
implicaciones clinicas y una mayor compresion de los mecanismos subyacentes al estrés en las
enfermedades autoinmunes. Por altimo, el capitulo XI, recoge las principales conclusiones y

perspectivas futuras de investigacion.
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Eva Montero Lopez Tesis Doctoral: Introduccion

1.1. DEFINICION DE ESTRES

Son muchas y muy variadas las definiciones que existen de estrés dependiendo de su
consideracion como estimulo, como respuesta, 0 como interaccion estimulo-respuesta.

En 1936, desde una perspectiva centrada en la respuesta, Selye define por primera vez
el estrés como “el estado que se manifiesta por un sindrome especifico, consistente en todos los
cambios inespecificos inducidos dentro un sistema biolégico; asi, el estrés tiene su forma y
composicion caracteristicas, pero ninguna causa en particular”. (Selye, 1976, p. 65).

La Organizacion Mundial de la Salud (O.M.S.), define el estrés como “el conjunto de
reacciones fisiologicas que prepara al organismo para la accion”.

Dohrenwend y cols. (1978; 1984), abordan el estrés desde una perspectiva centrada en
el estimulo definiendo el estrés como un proceso que se inicia con la percepcion de
acontecimientos vitales estresantes y termina con la aparicién de un cambio psicoldgico (por la
interaccion del estrés con mediadores situacionales y personales). Estos autores definen el estrés
como el estimulo que provoca una alteracion en los procesos homeostaticos del organismo,
superando los limites de tolerabilidad del individuo.

Actualmente, una de las definiciones de estrés mas utilizada en el campo de la psicologia
es la de Lazarus y Folkman (1986), que explican el estrés a partir de la interaccion estimulo-
respuesta, como el resultado de la relacion entre el individuo y el entorno, evaluado por aquel

como amenazante desbordando sus recursos y poniendo en peligro su bienestar personal.

1.2. MODELOS DE ESTRES
Segun se defina el estrés como respuesta, como estimulo, o bien como la interaccion
estimulo-respuesta, encontraremos modelos o teorias que tratan de explicar como se produce

este.
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Selye (1960) propone un modelo de estrés basado en la respuesta, denominado
“sindrome general de adaptacion” (SGA), en el que plantea que el cuerpo responde de forma
muy similar ante la mayoria de los agentes estresantes que alteran la homeostasis (equilibrio)
del organismo.

Las tres fases del SGA son:

1. Fase de alarma: Se inicia ante la exposicion a estimulos a los que el organismo no
estd adaptado (estresores), por lo que para mantener la homeostasis, el organismo
reacciona como medida preventiva mediante una combinacién de sintomas
fisiologicos, aumentando la activacion del organismo y movilizando las defensas;
aumentando la atencion y la memoria para una mejor adaptacion.

2. Fase de resistencia o adaptacion: El organismo hace frente al estresor de dos
maneras, adaptandose o resistiéndose. De esta manera, trata de restablecer la
homeostasis ante el agente estresor para recuperar el equilibrio deseado. En esta
fase, la amenaza desapareceria, pero de no ser asi lo mas adaptativo para el
organismo seria asegurar una distribucion paulatina de sus recursos, mediante la
activacion del eje hipotaldmico-hipofisario-adrenal (HHA).

3. Fase de agotamiento: El organismo pierde la capacidad de adaptacion por la
persistencia prolongada de la exposicion al estresor, y por tanto, su resistencia,
dando lugar al agotamiento. Si el estresor es severo y prologando, apareceran las
denominadas “enfermedades de adaptacion”, tales como trastornos cardiovasculares
0 Ulceras gastrointestinales, entre otras.

Por otro lado, Dohrenwend y Dohrenwend (1981) presentaron un modelo de estrés

basado en el estimulo, que consta de un proceso con tres pasos consecutivos:
= Primer paso: Hace referencia al origen del evento estresante (si es causado por factores

ambientales o por factores del propio sujeto).
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= Segundo paso: Hace referencia a la importancia de diferenciar entre el estresor que
inicia la respuesta de estrés y la reaccidn propia a este. En este paso, tienen especial
importancia los factores situacionales (como el apoyo social) y psicolégicos (estrategias
de afrontamiento).

= Tercer paso: El estrés interactlia con mediadores situacionales y personales, dando lugar

a tres posibles resultados; crecimiento psicolégico, sin cambios significativos, o

aparicion de reacciones patologicas o disfuncionales.

Por ultimo, Lazarus y Folkman (1986), proponen un modelo de estrés basado en el
proceso de interaccion estimulo-respuesta. Desde nuestro punto de vista, este modelo es mas
completo que los anteriores, puesto que aborda tanto las variables fisiolégicas como cognitivas
implicadas en el proceso de estrés, a diferencia de los otros dos anteriores. EI modelo de Selye
solo aborda las variables fisiologicas, mientras que el modelo de Dohrenwend y Dohrenwend
(1981), se centra mas en variables ambientales. Sin embargo, Lazarus y Folkman hacen
referencia a la importancia de los factores psicologicos a la hora de mediar entre los estimulos
y las respuestas al estrés, siendo un elemento fundamental la evaluacion cognitiva que hace el
sujeto de la situacion. Esta evaluacién tiene tres momentos:

1. Evaluacién primaria: Esta puede ser irrelevante, benigna-positiva o estresante. Cuando
es estresante, puede implicar dafio/pérdida, amenaza o desafio.

2. Evaluacion secundaria: El sujeto evalia de qué recursos dispone para hacer frente a la
situacion estresante.

3. Reevaluacion: Es la que lleva a cabo el sujeto tras la evaluacion primaria de la situacion

y de las herramientas que dispone para hacerle frente, lo que produce un cambio.

A pesar de ser uno de los modelos que mejor se aproxima al concepto de estrés, y de

resaltar la importancia que tiene el componente cognitivo, no esta exento de criticas. La
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principal es que no especifica los mecanismos por los que la respuesta de estrés puede afectar

a la salud del sujeto que lo experimenta.

Dentro de los modelos basados en el estrés como proceso, hay que mencionar también

el de Labrador (1996) que, al igual que Lazarus y Folkman, aborda el estrés como interaccion.

Labrador incluye en su modelo dos tipos de factores estresantes, los externos y los internos.

Factores estresantes externos: Pueden ser psicosociales (situaciones que se convierten
en estresantes por la interpretacion cognitiva que el sujeto hace de ellas) y biogénicos
(tienen la capacidad de provocar cambios eléctricos bioquimicos, disparando la
respuesta de estres).

Factores estresantes internos: Pueden ser fisicos (por ejemplo, la sensacion de dolor) y
cognitivos/psicolégicos (por ejemplo, la sensacion de enfermedad, baja autoestima,
etc.).

A partir de estos factores estresantes, Labrador propone tres fuentes diferentes de estrés:
Sucesos vitales intensos y extraordinarios: Producen cambios importantes en la vida de
las personas, exigiendo al organismo un trabajo de adaptacién intenso.

Sucesos diarios estresantes de menor intensidad (estrés cotidiano): Producen efectos
negativos importantes, tanto bioldgicos como psicologicos. Estos sucesos provocan
frecuentes respuestas de estrés y suelen desencadenar trastornos psicofisiolégicos.
Situaciones de tension cronica mantenida: Se trata de situaciones prolongadas en el
tiempo que generan estrés. Son de elevada intensidad y alta frecuencia. Sus efectos tanto
fisicos como psicoldgicos suelen ser devastadores.

Finalmente, dentro de los modelos de estrés basados en el proceso, se encuentra el

modelo procesual del estrés de Sandin (2009), basado en el estrés como un proceso que incluye

siete etapas:
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1. Demandas psicosociales: Se refieren a los agentes estresantes psicosociales y
ambientales, tanto naturales (por ejemplo, frio, calor o radiacion) como artificiales
(ruido, contaminacion, etc.). El estrés psicosocial incluye sucesos vitales (por ejemplo,
pérdida de trabajo), sucesos menores (estrés diario) y estrés cronico (por ejemplo, estrés
laboral). El estatus socioecondmico es un factor estrechamente relacionado con las
demandas psicosociales (generalmente, un bajo estatus se asocia a mas estresores
psicosociales, peor apoyo social y caracteristicas personales negativas).

2. Evaluacion cognitiva: Es la que realiza el sujeto de la situacion o demanda psicosocial
(no siempre conscientemente), implicando de alguna forma una amenaza para él. El tipo
de amenaza puede ser pérdida, peligro/dafio o desafio. El tipo de amenaza generada
dependera de las caracteristicas de la demanda psicosocial (valencia, independencia,
predictibilidad y controlabilidad) y de las caracteristicas del individuo (variables
personales).

3. Respuestas de estrés: Tanto fisiologicas como psicologicas. Las respuestas fisiologicas
implican fundamentalmente al sistema endocrino, con la liberacion de catecolaminas y
cortisol; y al sistema nervioso autbnomo, con la activacion del simpatico y la inhibicién
del parasimpatico. Las respuestas psicologicas de estrés son mayoritariamente
emocionales, y suelen tratarse de respuestas de ansiedad y/o depresion.

4. Afrontamiento: Es el conjunto de esfuerzos conductuales y cognitivos que lleva a cabo
el sujeto para hacer frente a las demandas estresantes y suprimir el estado emocional de
estrés. Por tanto, es la Gltima etapa del proceso de estrés propiamente dicho. Estas cuatro
fases interaccionan constantemente en un proceso dinamico.

5. Caracteristicas personales: Conjunto de variables (personalidad, factores hereditarios,

Sexo, raza, etc.) que pueden influir sobre las cuatro etapas anteriores.
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6. Caracteristicas sociales: Las caracteristicas sociales relevantes para el estrés son el
apoyo social, el nivel socioeconémico y las redes sociales.
7. Estatus de salud: Es el resultado del proceso de estres. El estado de salud (fisiologico y

psicoldgico) del sujeto va a depender del funcionamiento de las fases anteriores.

1.3. RESPUESTAS FISIOLOGICAS ASOCIADAS AL ESTRES

Seyle fue el primero en incluir las respuestas fisioldgicas asociadas al estrés psicoldgico,
estando presentes en todos los modelos de estrés presentados anteriormente. Fue el primer autor
en resaltar el papel fundamental que tienen, tanto los sistemas neuroendocrinos hipotalamo-
hipofiso-corticosuprarrenal y médulosuprarrenal, como la activacion del sistema nervioso
simpatico, en la generacion de respuestas fisiologicas frente al estrés (Belloch, Sandin, y
Ramos, 2009).

Belloch y cols. (2009) resaltan que las respuestas fisioldgicas asociadas al estrés, no
solo implican la activacion/inhibicidn de variables neuroendocrinas y del sistema nervioso, sino
también de mdaltiples componentes del organismo. Estos mismos autores afirman que,
actualmente no hay duda sobre la posibilidad de que no haya una sola hormona que no se vea
modificada por el estrés de forma directa o indirecta; dando lugar a cambios no solo en variables
psicofisioldgicas y metabdlicas sino en diferentes 6rganos debido a la alteracién producida en
el sistema neuroendocrino. Un ejemplo de esto es que el incremento de cortisol aumenta la
produccién de glucosa, la liberacion de acidos grasos y reduce la eficacia del sistema
inmunoldégico.

En el proceso de respuesta al estrés estan implicados tanto el eje adrenomedular como
el eje HHA y se produciria de la siguiente manera.

En el momento en que percibimos una situacion como estresante, a través de las fibras

nerviosas que pasan por la médula espinal, el hipotalamo activa la regién central (medular) de
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las glandulas suprarrenales, incrementando los niveles de adrenalina en sangre hasta 1.000
veces por encima de su nivel normal. Esta tiene un efecto inmediato en comparacion con otras
hormonas, que tardan minutos, horas e incluso dias en ejercer su accién (Teixido Gomez, 2003).
Por otro lado, la noradrenalina y la dopamina, activan regiones cerebrales regulando las
emociones (sistema limbico), grado de vigilancia y las operaciones complejas. Ademas, las
catecolaminas periféricas producen:

= Incremento de la presidn arterial.

= Incremento del aporte sanguineo al cerebro.

= Incremento de la tasa cardiaca.

= Incremento de la estimulacion de los musculos esqueléticos (preparan para la accion).

= Incremento de la liberacion de acidos grasos, triglicéridos y colesterol en plasma (para

mantener el estado de sobreactivacion).

= Incremento de opidceos enddgenos (endorfinas y encefalinas).

= Disminucién del riego sanguineo en la piel.

= Disminucion de la secrecion de hormonas sexuales.

Para responder a todas estas necesidades energéticas inmediatas, la adrenalina activa la
liberacion de la glucosa que se encuentra en el higado (Bensabat y Seyle, 1987).

Toda esta secrecion de sustancias y activacion fisioldgica del organismo tiene una
finalidad fundamental, que es la supervivencia, ya que lo prepara para una intensa actividad
corporal con la que responder a cualquier posible amenaza externa, bien haciéndole frente,
luchando, o bien escapando de ella. Sin embargo, si la situacion estresante se prolonga en el
tiempo, no basta con la secrecién de adrenalina y noradrenalina para mantener la respuesta al
estrés, por lo que es necesario una hormona de absorcidn mas lenta. Para esto, se dispara el eje
HHA, activando fundamentalmente la secrecién de glucocorticoides. Los glucocorticoides

tienen una funcién similar a la adrenalina, pero sus efectos son mas duraderos prologandose
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minutos u horas. La secrecidn de glucocorticoides estimulada por el hipotalamo, incrementa la
secrecion de la hormona liberadora de corticotropina (CHR). La CHR activa la secrecion
hipofisaria de la hormona adrenocorticotropa (ACTH), la cual, a través de la corteza
suprarrenal, estimula la sintesis y secrecion del cortisol (denominada la hormona del estrés).
Tanto el cortisol como su derivado (cortisona), son elementos fundamentales en el disparo del
eje HHA y aparte de su principal funcion antiinflamatoria, tienen varias funciones metabdlicas.
Entre ellas, favorecer la utilizacion de grasas almacenadas, disminuir la cantidad de proteinas
en la mayoria de los tejidos (de manera que los amino&cidos puedan ir a la sangre y reparar las
células dafadas), y transformar aminoacidos en glacidos para su utilizacion posterior como
fuente de energia incrementando el azlcar en sangre, favoreciendo su sintesis en el higado y
contribuyendo a la reconstruccion de reservas hepaticas de azucar que han sido utilizadas en la
reaccion de estrés por el efecto de la adrenalina (Bensabat y Seyle, 1987). Ademas, destruye
los tejidos linfoides indispensables en la lucha contra los agentes patdgenos, debilitando asi las
defensas inmunitarias del organismo.

La secrecion de glucocorticoides detiene la formacion de nuevos linfocitos en el
timo. Debido a que los glucocorticoides modulan la secrecion de mensajeros como las
interleucinas (IL-1, IL-2 e IL6), los interferones a y P, en concreto, el interferon o y el factor
de necrosis tumoral (TNF), hacen que disminuya la sensibilidad de los linfocitos a la alarma de
infecciébn y los expulsan del torrente sanguineo. Los efectos mas evidentes de los
glucocorticoides con respecto a la reaccién inflamatoria e inmune son los siguientes:
disminucidon de la agregacion de células inflamatorias en el sitio de inflamacion elevando la
cifra de neutréfilos y reduccion de los valores de linfocitos, monocitos, eosinofilos y baséfilos.
El efecto linfopénico de los glucocorticoides es mas evidente en las células CD4 o células T

ayudadoras que en las células B, mientras que las células T citotoxicas o CD8 resultan

23



Eva Montero Lopez Tesis Doctoral: Introduccion

relativamente inservibles. No obstante, también disminuyen las funciones de las células B,
especialmente, las relacionadas con la produccién de anticuerpos.

Por Gltimo, aunque los glucocorticoides son las hormonas mas relacionadas con el
estrés, no son las Unicas que se activan en la respuesta al estrés. Se segrega prolactina,
desempefiando la funcion de inhibir la actividad reproductora durante el estrés. Se segregan
endorfinas y encefalinas, que son sustancias enddgenas similares a la morfina, y sirven entre
otras cosas, para anular el dolor. Por Gltimo, se segrega también vasopresina (hormona
antidiurética) que interviene en la respuesta cardiovascular de estrés. Al igual que estas
hormonas son liberadas, otros sistemas hormonales son inhibidos. Esto ocurre con las hormonas
reproductoras (estrogenos, progesterona y testosterona), con las hormonas asociadas al
crecimiento (hormona del crecimiento) y por altimo, también se inhibe la secrecidn de insulina
(hormona pancredtica), que suele almacenar energia para su uso posterior (Sapolsky, 2004, p.

56). En la Figura 1, podemos ver un esquema de como se produce esta respuesta al estrés.
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Figura 1. Mecanismos implicados en la respuesta al estrés.

De los modelos descritos anteriormente, el modelo procesual del estrés de Sandin (2009)

es el que mejor se ajusta a este trabajo, por ser un modelo que incluye tanto factores fisicos,

como psicolégicos y ambientales, los cuales forman parte del proceso de estrés y su respuesta.

Por este motivo, para una mejor comprension de este proceso de estrés, resulta necesaria la

evaluacion de los distintos componentes fisicos, psicolégicos y ambientales implicados en el

estrés y su respuesta.
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Una vez definido el estrés, sus modelos y la respuesta de este, se van a describir a
continuacion las medidas de evaluacion del estrés a tres niveles: autoinforme, psicofisiologicas
de biofeedback (evaluacion del eje adrenomedular) y endocrinas (evaluacion del eje

hipotalamico-hipofisario-adrenal).

2.1. MEDIDAS DE AUTOINFORME DEL ESTRES

En primer lugar, la entrevista es uno de los instrumentos que nos permitira saber qué
nivel de estrés tiene una persona. Posteriormente, podemos complementar y ampliar la
informacion aportada por la persona en la entrevista, a través de cuestionarios y escalas mas
especificas de acuerdo a nuestros objetivos (Robles-Ortega y Peralta-Ramirez, 2006).

Crespo y Labrador (2003) diferencian los cuestionarios de estrés psicologico segun la
medida a evaluar:

Condiciones ambientales generadoras de estrés

Podemos hablar de tres tipos de sucesos o acontecimientos ambientales que pueden
generar estrés:

1. Sucesos vitales estresantes: Dos de los cuestionarios mas conocidos son de Holmes y
Rahe (1967); estos son el Cuestionario de experiencias recientes (Schedule of Recent
Experience -SRE-) y la Escala de evaluacion del reajuste social (Social Readjustment
Rating Scale —-SRRS-). Otra escala ampliamente utilizada es la Escala de Apreciacion al
Estrés (EAE), (Fernandez Seara y Mielgo Robles, 2001).

2. Acontecimientos estresantes diarios: Como por ejemplo, la Escala de acontecimientos
molestos cotidianos (Daily Hassles Scale) de Kanner, Coyne, Schaefer, y Lazarus
(1981).

3. Situaciones de tension cronica mantenida: Aqui podemos incluir la Escala de carga del

cuidador de Zarit, Reever, y Bach-Peterson (1980).
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Valoracidn cognitiva de los acontecimientos estresantes

Uno de los cuestionarios méas utilizados es la Escala de estrés percibido (Perceived

Stress Scale -PSS-) de Cohen, Kamarch y Mermelstein (1983), adaptacion espafiola por Remor
y Carrobles (2001). La PSS es una escala de autoinforme utilizada para evaluar el nivel de estrés
percibido y el grado en que las personas encuentran su vida impredecible, incontrolable, o con
sobrecarga. Se compone de 14 elementos con cinco alternativas de respuesta. La puntuacién
mas alta corresponde al nivel de estrés percibido més alto. La version espafiola de la PSS (14
items) tiene una adecuada fiabilidad (consistencia interna = 0,81 y test-retest = 0,73), validez
concurrente, y sensibilidad (Remor, 2006). Por ello, este instrumento es utilizado en todos los
estudios de esta tesis doctoral. Hemos considerado cuatro niveles de estrés percibido segun las
puntuaciones:

= Leve: 0-10.

= Moderado: 11-21.

= Agudo: 22-40.

= Severo: 41-56.

Activacion fisiologica

Este tipo de cuestionarios son Utiles para conocer, por ejemplo, el nivel de activacion
del sujeto tras la aplicacion de una técnica concreta o para relacionar sucesos externos y
cambios fisioldgicos, cuando no es posible hacerlo con otros tipos de medidas. Por ejemplo, los
cuestionarios que incluyen indicadores fisioldgicos en situaciones de estrés como el Inventario
de indicadores de tension y ansiedad de Cautela y Groden (1985). Este inventario recoge ocho
formas en las que las personas podemos sentirnos tensos o ansiosos; sudar, sentir latidos del

corazén, temblores, piel fria, entre otros.
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Conductas de afrontamiento

Estos cuestionarios presentan un listado de estrategias de afrontamiento recogidas en
varios items del cuestionario. Los hay que miden estilos de afrontamiento o bien estrategias de
afrontamiento ante la situacion. El cuestionario mas utilizado para evaluar el afrontamiento es
el Inventario de modos de afrontamiento (Ways of Coping Inventory-WOC-) de Folkman y
Lazarus (1988).

Consecuencias del estrés

Este tipo de instrumentos miden la sintomatologia tanto fisica como psicoldgica que
presenta el sujeto, es decir, su nivel de funcionamiento general. Esta informacion es util para
conocer los efectos del estrés.

Los cuestionarios que hemos utilizado en esta tesis son los siguientes:

1. Para medir estrés percibido: Escala de estrés percibido (EEP) de Cohen y cols.

(1983), adaptacion espafiola por Remor y Carrobles (2001). Este instrumento fue
escrito en el apartado anterior.

2. Para medir vulnerabilidad al estrés: Inventario de vulnerabilidad al estrés (VE) de

Beech y cols. (1986), adaptacion espafiola por Robles-Ortega y cols. (2006). Evalla
la predisposicion que tiene la persona a ser afectada por el estrés percibido. Se
compone de 22 items que describen problemas que las personas tienen a veces, con
dos alternativas de respuesta: “Si” (cuando la persona considere que el problema en
cuestion le afecta habitualmente) y “No” (cuando la persona considere que el
problema no le afecta en absoluto o lo hace raramente). La adaptacion espafiola
muestra una alfa de Cronbach de 0,87. En cuanto a la validez convergente, los
resultados muestran una correlacién positiva significativa (p<0,01) con las
siguientes escalas de evaluacion: STAI-R, Inventario de depresion de Beck (Beck

Depression Inventory-BDI-), Escala de sintomas somaticos (Somatic Symptom
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Scale-SSS-), y la Encuesta de experiencias de vida reciente (Survey of Recent Life
Experiences-SRLE-).

3. Para medir sintomatologia psicopatolégica: Listado de Sintomas 90-R (SCL-90-R)

de Derogatis y Unger (2001); adaptacion espafiola por Gonzalez de Rivera y De las
Cuevas (1988). Fue desarrollado para evaluar los sintomas de psicopatologia e
incluye 90 items donde los sujetos responden de acuerdo a como se han sentido en
las ultimas semanas, incluyendo el dia que se administra el inventario. A través de
las puntuaciones es posible caracterizar la sintomatologia del evaluado en un perfil
compuesto por nueve dimensiones primarias de sintomas (Somatizacion,
Obsesiones, Sensitividad Interpersonal, Depresion, Ansiedad, Hostilidad, Ansiedad
Fobica, Ideacion Paranoide y Psicoticismo) y tres indices globales de
psicopatologia: el indice de Gravedad Global (Global Severity index, GSI), el indice
de Malestar de Sintomas Positivos (Positive Symptom Distress, PSDI) y el Total de
Sintomas Positivos (Positive Symptom Total, PST).

4. Para medir calidad de vida relacionada con la salud: Encuesta breve sobre salud de

36 items (SF-36) de Ware y Sherbourne (1992) adaptada al espafiol por Alonso y
cols. (1995). Los 36 items miden ocho dimensiones: Funcion fisica (limitaciones en
las actividades fisicas a causa de problemas de salud), Funcion social (limitaciones
en las actividades sociales debido a problemas fisicos o emocionales), Rol fisico
(limitaciones en las actividades habituales de roles debido a problemas de salud
fisica), Dolor corporal, Salud mental general (malestar psicoldgico y el bienestar),
Rol Social (limitaciones en las actividades habituales de roles debido a problemas
emocionales), Vitalidad (energia y fatiga), Percepcion de la salud general. También
se encuentra disponible la version breve de 12 items (SF-12) de Ware (1994,

revisada 1998).
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2.2. MEDIDAS PSICOFISIOLOGICAS EVALUADORAS DEL ESTRES

Las medidas psicofisiolégicas nos aportan informacion sobre el componente fisiologico
de la respuesta de estrés. Segun de Rivera (2010) “el estrés produce activacion psicofisiologica
autondémica simpatica, de forma que el incremento de activacion detecta la respuesta ante los
factores externos” (p. 238). Para este autor, la principal ventaja de este tipo de medidas es que,
a diferencia de las medidas psicoldgicas, no estan influidas por los sesgos de respuesta o la
subjetividad de la persona que cumplimenta los cuestionarios. Por tanto, son medidas objetivas,
que evaltan una respuesta del organismo sin ser producto de las creencias o de la introspeccion.
Pueden registrarse en una situacion de reposo (mostrando la activacion basal del sujeto) o de
forma reactiva a una situacion o estimulo. La activacion basal es el estado psicofisiologico
propio del sujeto en varios momentos de tiempo en una situacion neutra, que servira de medida
de referencia para la comprobacion de la variacion de la respuesta fisioldgica ante determinados
estimulos. Propone las siguientes medidas de activacion psicofisiolégica para la evaluacion del
estres:

1. Conductancia electrodermal: Medida de la conductancia de una corriente
eléctrica por la piel de los dedos de la mano. El estrés incrementa la produccion
de sudor, rico en electrolitos, aumentando la conductancia de la piel.

2. Tasa cardiaca: El incremento de la actividad simpatica ante el estrés aumenta la
tasa cardiaca.

3. Respuesta electromiografica: La activacion psicofisiolégica debida al estrés
produce hipertonia muscular, detectada habitualmente en los trapecios, frontales
0 maseteros mediante electromiografia.

4. Presion arterial: La activacion psicofisiolégica debida al estrés aumenta la
presién arterial, debido a la activacion simpatica del musculo liso alrededor de

la superficie del vaso sanguineo.
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5. Temperatura dermal: Debido a una excesiva activacion psicofisiologica, la
vasoconstriccion periférica dificulta que la sangre llegue a los dedos de las
manos con el mismo flujo que en reposo. Por este motivo, disminuye la
temperatura en la piel de las partes mas distales de las extremidades.

En esta tesis, hemos registrado mediante el poligrafo, la actividad electrodérmica
(conductancia), registro perteneciente al sistema nervioso autonomo (Vila-Castelar, 2000).
Segun estos autores “la actividad electrodérmica designa de manera global y genérica, todas las
manifestaciones eléctricas de la piel” (p. 62).

La electrodermografia estudia la actividad eléectrica de la piel y la técnica utilizada para
registrarla (enddgena o exogena). En este caso, hemos utilizado el registro exdgeno de
conductancia dérmica (corriente continua y voltaje constante) que recoge el valor de
conductancia/admitancia de la piel ante el paso de una corriente pequefia externa que pasa a
través de dos electrodos colocados en la palma de la mano. La seleccion de esta medida se debe
a, tal como expone Vila Castelar (2000), que existen razones fisioldgicas que aconsejan
registrar directamente la conductancia. Por otro lado, es una técnica que permite que se haga el
registro psicofisiolégico (al colocar los electrodos en la palma de la mano no dominante del
sujeto) desde el momento que llega al laboratorio, pudiendo realizar con facilidad las tareas que
se incluyen en todo el procedimiento. Es una técnica que ademas de dar un feedback inmediato
al experimentador/a, es sencilla, accesible y facil de colocar, sin ser aparatosa o incbmoda para
el sujeto, aportando informacion sobre una de las medidas del sistema nervioso autbnomo y por
tanto, de uno de los componentes del sistema nervioso simpatico implicado en la respuesta al
estrés junto con el eje HHA.

2.3. MEDIDAS ENDOCRINAS EVALUADORAS DE ESTRES
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La evaluacién de las medidas endocrinas se debe, por un lado, a la implicacion del eje
hipotaldmico-hipofisario-adrenal en el estrés y, por otro, a que son medidas objetivas y
bioldgicas. La principal hormona segregada mediante la activacion de este eje es el cortisol.

2.3.1. Cortisol en saliva

El cortisol, denominado también la hormona del estrés, puede medirse a través de
sangre, orina, saliva o pelo. La saliva es el método mas utilizado tradicionalmente en
investigacion, al contar con maltiples ventajas:

= No invasivo (y por tanto, menos estresante).

Rentable.
= Puede ser recogida por personal no médico y en muchos entornos diferentes.
= Sensible a los cambios, lo que nos permite manipular variables y estudiar su respuesta.
= Su transporte y almacenamiento son sencillos.

A pesar de estas multiples ventajas, la medicién de cortisol en saliva presenta el
inconveniente de que sélo cubre un momento puntual y limitado sin posibilidad de medir el
estrés de forma longitudinal o a posteriori (Kidambi, Raff, y Findling, 2007). Por otro lado, las
medidas de cortisol en saliva, al igual que ocurre con el cortisol en sangre y orina, estan
influenciadas por las caracteristicas individuales y ambientales, incluyendo los procedimientos
de estudio (Wolfram, Bellingrath, Feuerhahn, y Kudielka, 2013), la hora del dia (Adam
Hawkley, Kudielka, y Cacioppo, 2006), y el consumo de alimentos (Gibson et al., 1999). Es
importante tener en cuenta que aungue sea uno de los biomarcardores bioldgicos mas utilizados
en investigacion sobre estrés y en el estudio del eje HHA, determinadas variables pueden afectar
a los niveles de cortisol en saliva, tales como los estrogenos, determinados por el género,
anticonceptivos orales o ciclo menstrual, asi como otras variables de tipo médico (Hellhammer,

Wiist, y Kudielka, 2009).
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El cortisol en saliva, sigue siendo la medida més utilizada en laboratorio para estudiar
la respuesta a situaciones de estrés psicosocial, principalmente en la tarea de hablar en publico,
Trier Social Stress Test (TSST), que describiremos mas adelante.

2.3.2. Cortisol en pelo

En los Gltimos afios, se ha desarrollado un nuevo y diferente método para medir la
secrecion de cortisol tanto en humanos como en animales y consiste en la extraccion de cortisol
en pelo.

Desde hace afios, el pelo se ha utilizado como un sustrato para la medicién de agentes
ambientales, farmacos o toxinas e incluso para medir retrospectivamente hormonas esteroides
(Wheeler, Zhong, Kicman, y Coutts, 1998; Yang, Lan, Meng, Wan, y Han, 1998), incluyendo
los niveles de cortisol en pelo, cuya primera prueba fue aportada en el afio 2000 (Crimele, Kintz,
Dumestre, Goullé, y Ludes, 2000). Desde entonces, una gran cantidad de investigaciones han
utilizado en esta prometedora técnica para medir el estrés crénico, presentando numerosas
ventajas entre las que destaca la extraccion de cortisol como una "ventana al pasado reciente”.
El pelo tiene una tasa de crecimiento bastante predecible de aproximadamente 1 cm/mes. Por
lo tanto, la parte mas proxima del segmento de 1 cm al cuero cabelludo se aproxima a la
produccién de cortisol del altimo mes, el segundo centimetro del segmento méas proximal se
aproxima a la produccion durante el mes anterior, y asi sucesivamente (Wennig, 2000). De este
modo, si analizamos tres centimetros de pelo, obtendremos la cantidad de cortisol segregada
por la persona en los tres Gltimos meses, ya que cada centimetro representa un valor aproximado
de la produccion de cortisol de un mes.

Este método permite a los investigadores examinar retrospectivamente la produccién de
cortisol en los momentos en que un factor de estrés era mas sobresaliente, sin necesidad de
tomar la muestra en ese momento. Por otro lado, al tratarse de una técnica no invasiva, se

elimina también el riesgo de que la propia toma de muestras impacte sobre la produccion de
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cortisol (ya que no produce dolor) como ocurre en el caso de la medida tradicional de cortisol
en sangre. Finalmente, hay destacar que el procedimiento es muy sencillo y no precisa que la
muestra sea recogida por un profesional sanitario. Una vez recolectado el pelo, puede ser
almacenado en sobres o frascos a temperatura ambiente, libre de exposicion a la luz solar, y con
facilidad para su transporte (Gow, Thomson, Rieder, Van Uum, y Koren, 2010).

Actualmente, contamos con gran cantidad de estudios que han aplicado esta técnica
como un biomarcador de estrés cronico. En la literatura podemos encontrar estudios
observacionales o intervencionistas (Iglesias y cols., 2015; Russell, Koren, Rieder, y Van Uum,
2012); estudios que la utilizan como técnica de biomarcador de eventos vitales estresantes
(Karlen, Ludvigsson, Frostell, Theodorsson, y Faresjo, 2011); estudios sobre estres en animales
(Gow y cols., 2010; Weisser et al., 2016); estudios sobre los estados de animo y trastornos de
ansiedad, asi como en relacion a otros trastornos psicopatologicos (Staufenbiel, Penninx,
Spijker, Elzinga, y van Rossum, 2013; Vives, 2015); estudios de la relacion con otras
caracteristicas sociodemograficas y de estilo de vida (Wosu y cols., 2015), etc.

En la dltima década, la extraccion del cortisol en pelo ha surgido como un biomarcador
prometedor, tanto de estrés crénico como de alteraciones del eje hipotalamico-hipofisario
adrenal, como el sindrome de Cushing (Wester y van Rossum, 2015) y la enfermedad de
Addison (Noppe, Rossum, Vliegenthart, Koper, y Akker, 2014), confirmando el caracter
retrospectivo y no invasivo para medir el estrés, y reafirmando su gran potencial para la
aplicacion en investigacion.

2.3.3. Recogida y analisis de cortisol en saliva y en pelo

Una vez descritos los distintos métodos de recogida del cortisol utilizados en esta tesis,
vamos a pasar a exponer la metodologia empleada para la extraccion de las concentraciones de

cortisol en saliva y en pelo.
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El cortisol en saliva, se recoge a través de los Salivette® Cortisol (Sarstedt, Numbrecht,
Alemania, Ref.51.1534). Estos constan de dos pequefios tubos, uno mayor que contiene otro
mas pequefio, el cual guarda un trozo de algoddn. Es el método méas 6ptimo e higiénico de
recoleccién de saliva. Permite al sujeto recoger la saliva muy facilmente y de forma
independiente, sin la necesidad de asistencia de profesional médico. El tipo de Salivette®

utilizado en esta tesis doctoral puede verse en la Figura 2.

Figura 2: Método de recogida de cortisol en saliva. Obtenida de

www.medicalexpo.es/prod/sarstedt

El procedimiento de recogida consiste en introducirse en la boca el algoddn que contiene
el Salivette® durante un minuto y humedecerlo con saliva lo maximo que se pueda. Treinta
minutos antes de la recogida de la muestra no se puede comer, beber (excepto agua), fumar,
tomar chicles o caramelos, ni lavarse los dientes.

Posteriormente, se introduce de nuevo en el tubo, y se introduce en frio, para su posterior
analisis mediante la técnica de ensayo por inmunoabsorcion ligada a enzimas de

electroquimioluminiscencia (ELISA) a través de quimioluminiscencia. Este método esta

36


http://www.medicalexpo.es/prod/sarstedt

Eva Montero Lopez Tesis Doctoral: Introduccion

disefiado para su uso en Roche Elecsys 1010/2010 automatizado por los analizadores y en el
mddulo Elecsys MODULAR ANALYTICS E170.

Mediante el Salivette® se puede analizar el cortisol de forma precisa con poca cantidad
de saliva y con bajos niveles de cortisol. Esto resulta una ventaja para nuestra investigacion,
puesto que, entre las pacientes autoinmunes participantes en esta tesis, se encontraban mujeres
con sindrome de Sjogren, siendo unos de los sintomas principales de esta enfermedad tener un
volumen bajo de saliva 0 ausencia de la misma.

Como puede observarse en la Figura 3, el cortisol en pelo se recoge cortando un mechén
de la cabeza desde la raiz, con un grosor del tamafio del didmetro de un lapiz. Se coloca en
papel de aluminio, y se cierra. Posteriormente, se cortan los 3 cm del mechon de pelo obtenido
mas cercanos a la raiz, y se introducen en pequefios tubos parar su posterior analisis. Al igual
que con la extraccion del cortisol en saliva, para la obtencion de las concentraciones de cortisol
en pelo, se lleva a cabo la técnica ELISA. En la Figura 4, puede observarse como se concentra

el cortisol en el pelo.

Figura 3: Método de recogida de cortisol en pelo
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Figura 4: Concentracion del cortisol en el foliculo piloso. Obtenida de Rusell y cols. (2012)

2.4. EMPLEO DE ESTRESORES PSICOLOGICOS DE LABORATORIO

La estimulacion que se emplea para inducir estrés puede desarrollarse a traves de dos

métodos; en contexto real o en laboratorio. Por un lado, los métodos utilizados en contexto real,

tienen mayor poder de generalizacion y extrapolacion de los resultados, pero los métodos

empleados en laboratorio permiten mayor control de las variables y una mayor posibilidad de

replicacion.

Los estresores psicoldgicos implican la evaluacion cognitiva del factor estresante y

pueden clasificarse en tres categorias principales: tareas de rendimiento, tareas de interaccion

social, e imaginacion guiada individualizada del estado de animo (Thomas, Bacon, Sinha,

Uhhart y Adinoff, 2012).

Estas categorias incluyen diversas tareas y segin Moya-Albiol y Salvador (2001), las

mas empleadas son:
1. Tareas aritméticas

2. Tareas de resolucion de problemas
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3. Tareas de tiempo de reaccién

4. Tareas de hablar en publico

De todas ellas, las tareas de hablar en publico, son las Unicas que activan tanto el eje
adrenomedular como el eje HHA.

La Trier Social Stress Test (TSST) es una de las tareas de hablar en publico que mas se
usa para estudiar la respuesta del eje HHA. Es una herramienta utilizada para investigar la
respuesta psicobiolégica al estrés en situaciones de laboratorio, ya que activa el eje HHA
(Kirschbaum, Pirke, y Hellhammer, 1993) y el sistema nervioso autonomo (SNA). Esta
respuesta se refleja en el incremento de la tasa cardiaca, conductancia de la piel, la presion
sanguinea, adrenalina y cortisol, asi como un empeoramiento del estado de animo (Al’ Absi y
cols., 1997; Montero-Lopez y cols., 2015; Nicolson, Storms, Ponds, y Sulon, 1997). En la TSST
tradicional propuesta por Kirschbaum y cols. (1993), el sujeto tiene que preparar un discurso
que refleje que es la persona iddnea para conseguir un determinado puesto de trabajo,
pronunciar ese discurso que ha preparado ante una audiencia y, posteriormente, completar una
tarea aritmética ante la misma. La audiencia esta compuesta por personas que previamente han
sido entrenadas en conductas verbales y no verbales neutras (Foley y Kirschbaum, 2010).

La TSST, provoca cambios significativos del eje HHA con patrones de respuesta
diferentes entre pacientes y sujetos sanos, asi como entre pacientes con diferentes patologias.
Variables como el género, la edad, rasgos de personalidad, entorno social, y el genotipo
determinan la respuesta de estrés agudo del individuo provocada por la TSST (Foley y
Kirschbaum, 2010).

Skoluda y cols. (2015) comprobaron que, en comparacién con otras tareas como el
ergdmetro, la tarea de Stroop y la prueba de estimulacién por frio, la TSST era la que producia

mayor incremento de estrés percibido por el sujeto y mayor incremento de la respuesta del eje
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HHA. En el caso de la respuesta autondmica, el ergdbmetro era la tarea que mayor incremento
producia, seguida de la TSST.

A pesar de ser muy utilizada, la aplicacion de la TSST tradicional presenta una serie de
limitaciones, tanto para crear diferentes ambientes y escenarios, asi como para contar con una
audiencia disponible para cada sesion experimental y con un niamero de personas suficiente, ya
que, a mayor audiencia, mayor incremento de la respuesta al estrés (Kotlyar y cols., 2008). Otra
limitacién es el coste econdémico, al ser necesarias diferentes salas (para el sujeto y la
audiencia), asi como el tiempo invertido en el entrenamiento a las personas de la audiencia,
teniendo en cuenta que, a pesar de estar formadas para mostrar una conducta neutra ante los
sujetos, este recurso puede no ser fiable, mostrando diferencias en su conducta de un sujeto a
otro. Teniendo en cuenta estas limitaciones en su aplicacion en el laboratorio y, principalmente,
la variabilidad individual, Kudielka, Hellhammer, y Kirschbaum (2007) recomiendan que “los
investigadores deberan determinar qué protocolo de la TSST podria ser utilizado como
herramienta de diagnostico para predecir la susceptibilidad frente a la enfermedad y la severidad
de los sintomas, y/o la monitorizacion de la eficacia de las intervenciones” (p.74).

Las tareas de realidad virtual llevadas a cabo en el laboratorio, son usadas cada vez mas
por su utilidad y eficacia, para crear diferentes ambientes y entornos a traves de ordenador e
imagenes en 3D, permitiendo estudiar distintos trastornos y sus respuestas asociadas; entre ellas
el estrés (Krijn, Emmelkamp, Olafsson, y Biemond, 2004). Por este motivo, y gracias a los
grandes avances tecnoldgicos con los que contamos actualmente, y como principal solucién a
los inconvenientes anteriormente descritos, se esta llevando a cabo el uso de la realidad virtual
en la TSST mediante métodos cada vez mas sofisticados que utilizan disefios experimentales
con el mismo paradigma de esta tarea mediante realidad virtual (Jénsson y cols., 2010; Kelly,
Matheson, Martinez, Merali, y Anisman, 2007; Kotlyar y cols., 2008; Santos-Ruiz y cols., 2010,

Montero-Lo6pez y cols., 2015). La adaptacion de la TSST en un entorno de realidad virtual
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(RV) provoca una respuesta fisioldgica significativa, resolviendo asi algunas de las limitaciones
mencionadas anteriormente.

Por lo tanto, la adaptacion de la TSST en el entorno virtual (TSST-RV) constituye una
alternativa viable a las formas habituales de presentacion de las tareas de estrés (Kotlyar y cols.,
2008). En una revisidn reciente de Malbos, Boyer, y Lancon (2013), sobre la aplicacién de RV
para el tratamiento de trastornos mentales, llegaron a la conclusién de que habia pruebas
suficientes para demostrar la eficacia de esta metodologia en la evaluacion y el tratamiento de
distintos trastornos mentales.

Kelly, Matheson, Martinez, Merali, y Anisma (2007) utilizaron la TSST-VR, y
comprobaron que dar un discurso y llevar a cabo una tarea aritmética delante de una audiencia
virtual produjo un significativo aumento de cortisol salivar (30%), a pesar de que el aumento
fue mayor cuando ambas tareas se llevaron a cabo frente a un verdadero pablico (90%). Ensu
estudio, Kotlyar y cols. (2008) demostraron que la TSST-VR daba lugar a una respuesta
fisiologica significativa con un aumento de la presion arterial sistolica y diastélica, y de la
frecuencia cardiaca.

Varios estudios han utilizado la TSST-VR en los ultimos afios. Por ejemplo, Jonsson y
cols. (2010) estudiaron la habituacion de respuesta de las distintas medidas de la actividad
simpatica tras una segunda aplicacién de la TSST-RV. En la primera sesion de la TSST-RV
hubo un aumento del 88% de cortisol salivar con respecto a los niveles de la linea de base,
habiendo habituacién tras la segunda sesion. Otra version de la TSST-RV fue implementada
por Santos Ruiz y cols. (2010) mediante la proyeccion de una audiencia virtual en 3D en una
pantalla, llegando a la conclusion de que esta forma de la TSST-RV estimula los principales

ejes que intervienen en la respuesta al estrés.
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Teniendo en cuenta los resultados obtenidos hasta la fecha, llegamos a la conclusion
de que la TSST-RV constituye una técnica Gtil en el estudio de la activacion de los ejes

basicos que intervienen en la respuesta al estreés.
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Es numerosa la cantidad de enfermedades provocadas por una respuesta autoinmune.
En ellas se producen autoanticuerpos y reacciones de hipersensibilidad inmunolégica por
linfocitos T, diferenciando entre enfermedades autoinmunes organico-especificas (cuando
afectan a un solo 6rgano) y enfermedades autoinmunes sistémicas (cuando hay afectacion de
diferentes drganos y sistemas de forma extensa y en un/a mismo/a paciente).

Dentro del grupo de enfermedades autoinmunes sistémicas se encuentran el lupus
eritematoso sistémico, el sindrome de Sjogren y la esclerosis sistémica. Por dos razones,
pacientes con estas enfermedades son las que se han seleccionado para esta tesis. En primer
lugar, al hacer un sondeo previo de la prevalencia en las unidades de enfermedades sistémicas
de los hospitales de Granada, se comprobo que estas tres eran las que abarcaban mayor namero
de pacientes para formar grupos homogéneos que pudieran ser incluidos en los estudios de esta
tesis. En segundo lugar, actualmente son aun escasos los estudios sobre estrés y estas
enfermedades, en comparacion con otras enfermedades autoinmunes como artritis reumatoide
0 esclerosis multiple.

A continuacion, vamos a describir las principales caracteristicas de cada una estas tres
enfermedades autoinmunes.

3.1. LUPUS ERITEMATOSO SISTEMICO

El lupus eritematoso sistémico (LES) es una enfermedad autoinmune inflamatoria
cronica de etiologia desconocida con afectacion multisistémica (Tsokos, 2011; Vargas-Hitos y
cols., 2014). Se caracteriza por una alteracion en la respuesta inmunoldgica produciéndose
anticuerpos dirigidos contra antigenos nucleares, afectando asi a multiples 6rganos. Los
principales 6rganos afectados con una gravedad variable son: piel, articulaciones, rifiones,
pulmones, sistema nervioso y la sangre, entre otros (Schur y Gladman, 2011). Cursa con un

amplio espectro de manifestaciones clinicas (Smith y Gordon, 2010), donde la mayoria de los
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pacientes tienen una evolucion crénica, presentando periodos de brotes o exacerbaciones de la
enfermedad intercalados con periodos de inactividad.

3.1.1. Epidemiologia

Es del 90 % en mujeres en edad fértil, aunque puede aparecer en la infancia y en épocas
mas tardias y un 10 % en hombres. La incidencia y prevalencia del LES varia segln la etnia
(son mas frecuentes y graves en nativos indigenas americanos, orientales y afroamericanos) y
el area geografica (mas elevadas en Europa y Australia que en Estados Unidos). En Espafia se
estima una prevalencia de 34-91 por 100.000 personas, Y la incidencia de 2/100.000/habitantes-
afio (Jiménez-Alonso y cols., 2011).

3.1.2. Factores etiol6gicos

Actualmente se desconoce la etiologia y mecanismos etiopatogénicos que subyacen al
LES, pero diferentes estudios confirman la implicacion de distintos factores que determinan el
desarrollo de la enfermedad.
Factores genéticos

Entre los principales factores genéticos que pueden tener una posible implicacion en el
desarrollo del LES, se encuentran:

1. Antecedentes familiares: Siendo mas frecuente en personas con familiares

con LES (5-10 %), familiares con otras enfermedades autoinmunes o bien
con anomalias inmunoldgicas. Sin embargo, el hecho de que el 90 % de las
personas con LES carezcan de antecedentes familiares, confirma la
existencia de otros factores implicados (Santos-Ruiz, 2012).

2. Predisposicion genética: Estudios como el de Sestak, Firnrohr, Harley,

Merrill y Namjou (2011), confirman que existe una predisposicidn genética
evidente, pero la mayoria de estos genes se desconocen. ElI marcador

genético mas frecuente en LES, es el gen andmalo C4aQO productor de la
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proteina C4a del complemento, que hace que ésta no funcione correctamente
(Welch y cols., 1998). Ademés de esta asociacion del LES con antigenos
HLA DR2 y DR3, también se ha asociado con la presencia de anticuerpos
IgG contra la beta 2-glucoprotein I (Arnett, Thiagarajan, Ahn, y Reveille,
1999).

Cromosoma X: Diversos estudios estan apoyando la hip6tesis de que la dosis
génica del cromosoma X determina la vulnerabilidad a desarrollar la
enfermedad, por lo que el complemento del cromosoma sexual XX
presentaria mayor susceptibilidad a desarrollar LES que el complemento
cromosomico XY (Scofield y cols., 2008; Smith-Bouvier, Divekar, Sasidhar,

y cols., 2008).

Factores hormonales

Debido a la estimulacion estrogénica mantenida, se altera la respuesta autoinmune

(Kanda, Tsuchida, y Tamaki, 1999), facilitando la produccién de anticuerpos anti-DNA y de

inmunocomplejos circulantes. Esta evidencia de la afectacion hormonal, queda reflejada en la

mayor incidencia del LES en mujeres, y sobre todo especialmente tras la menarquia y en la

postmenopausia (etapa donde los niveles de estrégenos son elevados). Por otro lado, parece

haber una proteccion por los androgenos, puesto que varones con LES presentan niveles

hormonales elevados en estrogenos y bajos en andrdgenos.

Factores ambientales

Los principales factores ambientales que estan implicados en el desarrollo del LES son:

1. Luz ultravioleta B: Existe relacion entre el inicio o exacerbacion del LES y la

exposicion a la luz solar siendo ademas la mayoria de los pacientes fotosensibles.

2. Farmacos: Medicamentos como la cloropromazina, isoniazida, anticonvulsivantes,

hidralazina, procainamida y propiltiouracilo pueden desarrollar en el hombre un
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sindrome clinico similar al LES, aunque no esté claro el mecanismo por el que estos
farmacos inducen la enfermedad.

3. Habitos de vida: Conductas como la exposicion a metales pesados como cadmio,

mercurio y oro, asi como a sustancias relacionadas con la produccién de anticuerpos
antinucleares como silice y pesticidas, se han relacionado con la etiologia del LES.
Por otro lado, el tabaquismo y la ingesta de determinados alimentos que contienen
psoralenos, L-canavanina e, hidracinas o bien una desnutricion proteico cal6rica, se
han asociado a la induccion del LES. Por ultimo, diferentes estudios han demostrado
el papel exacerbador que tiene el estrés psicosocial en el LES (Peralta-Ramirez,
Navarrete-Navarrete, y Pérez-Garcia, 2006; Santos-Ruiz, 2012). Otros estudios
confirman que el incremento del estrés cotidiano empeora la sintomatologia del
LES, entre las 24 y las 48 horas siguientes a la exposicion al estresor (Schubert y
cols., 2003; Peralta-Ramirez, Jiménez-Alonso, Godoy-Garcia, y Pérez-Garcia,
2004; Peralta-Ramirez, 2006; Peralta-Ramirez, Jiménez-Alonso y Pérez Garcia,
2009), asi como se ha identificado al estrés como uno de los factores que inciden en
el deterioro cognitivo de pacientes con lupus (Peralta-Ramirez y cols., 2006).

3.1.3. Sintomas y signos clinicos

1. Manifestaciones generales: Los sintomas generales méas frecuentes son la astenia (95

%), pérdida de peso inexplicable (95 %), fiebre prolongada sin deberse a ningin proceso
infeccioso (90-95 %) y pérdida de peso inexplicable. Las manifestaciones mas
frecuentes son osteomusculares y cutaneas (Rothfield, Sontheimer, y Bernstein, 2006).

2. Manifestaciones miusculo-esqueléticas: Son los sintomas méas frecuentes de la

enfermedad. EI 90 % de los/as pacientes con lupus, presenta dolor e inflamacién de las
articulaciones (artritis). Las manifestaciones mas habituales son artralgias, mialgias y

poliartritis intermitentes no deformantes que afectan a manos, rodillas y mufiecas.
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3. Manifestaciones cutaneas: Las afecciones cutaneas son las mas frecuentes tras las

musculo-esqueléticas. La lesion mas conocida es el “eritema malar en alas de mariposa”
que consiste en el enrojecimiento y la erupcion de la piel de las mejillas y la nariz.
Cuando la enfermedad estéa activa, es frecuente la alopecia. La fotosensibilidad (piel
muy sensible a los rayos ultravioleta) también es muy frecuente en el LES, siendo
habitual la aparicion de signos de la enfermedad tras una exposicién solar prolongada.

4. Manifestaciones cardiopulmonares: Pericarditis (inflamacion del pericardio) y pleuritis

(inflamacidn de la pleura) son las principales afecciones cardiopulmonares debidas al

lupus.

5. Manifestaciones renales: La mayoria de los/as pacientes con LES presenta depositos de
inmunoglobulinas en los glomérulos pero solo el 50 % desarrolla nefritis clinica. Un
23% de los/as pacientes con nefropatia lupica desarrollard en un periodo de cinco afos,
insuficiencia renal terminal.

6. Manifestaciones digestivas: Los sintomas mas frecuentes son las nauseas, diarreas,

vomitos y molestias inespecificas o atribuibles al tratamiento. La mas frecuente es la
vasculitis intestinal, que predispone a perforacion intestinal por peritonitis lGpica o
infarto abdominal y abdomen agudo.

7. Manifestaciones hematoldgicas: Sobre todo anemia (descenso del niUmero normal de

hemoglobina) y trombopenia (descenso del nimero normal de plaguetas).

8. Manifestaciones neuropsiquidtricas y neuropsicoldgicas: Hasta un total de diecinueve

manifestaciones psiquiatricas pueden estar presentes en el lupus. Las principales son
cefalea, ansiedad y depresion, disfuncién cognitiva por lesiones isquémicas,
enfermedad cerebrovascular y sindrome organico cerebral agudo lupico. Por otro lado,

las principales manifestaciones neuropsicoldgicas que se pueden ver afectadas son la
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memoria, atencion, fluencia verbal, flexibilidad cognitiva y coordinacién visomotora
(Coiny cols., 2008; Glanza y cols., 2005, Mikdashi, 2007; Monastero y cols., 2001).

En la Figura 5 podemos ver los principales sintomas y signos del LES.

Lupus
eritematoso
sistémico

Eritema maar / fotosensibilidad
lupus cutdneo agudo

Neumonia de repescidn
Plewitis/ derame

Pericardits

Nefropatia lpica
Anmigas s

Abortos de repesicidn
Antlcoagulante iipico

Fenbmeno de Raynaud

e,

Figura 5: Signos y sintomas del LES. Obtenido del Manual AulaMir, Colegio Oficial de
Médicos de Granada (2015)

3.1.4. Diagndstico

El diagndstico se realiza al presentar al menos cuatro de los siguientes criterios
diagndsticos propuestos por la American College of Reumathology (ACR) en 1997:
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10.

11.

Erupcién malar.

Lupus discoide.

Fotosensibilidad.

Ulceras orales.

Artritis no erosiva.

Serositis (pleuritis o pericarditis).

Afeccidn renal: proteinuria o cilindros en la orina.
Afeccion neuroldgica.

Alteracion hematologica.

Alteracion inmune (presencia de anticuerpos anti-ADN, anti-Sm y/o anticuerpos
antifosfolipido)

Anticuerpos antinucleares (ANA) positivos.

3.1.5. Clasificacién

1.

Pseudolupus (lupus-like syndrome): Engloba a pacientes que no cumplen con, al menos

cuatro de los criterios diagnésticos propuestos por la ACR, pero presentan signos
clinicos habituales del LES.

Lupus por farmacos: Se trata de un sindrome originado por algunos farmacos, que

manifiesta caracteristicas clinicas similares al LES, pero un perfil de anticuerpos
diferente.

Lupus neonatal: Producido por el traspaso de anticuerpos maternos a través de la

placenta, y suele desaparecer a los 6-8 meses de edad.

Lupus de inicio en la infancia: Aproximadamente el 8 % de pacientes es menor de 14

anos.

Lupus de inicio tardio: Aproximadamente el 10-15 % de pacientes inician la enfermedad

a los 50-60 afios.
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6. Lupus sin anticuerpos antinucleares: El 5 % de pacientes no presenta ANAS en ningdn

momento de la enfermedad.

7. Lupus con anticuerpos antifosfolipidos: Denominado sindrome antifosfolipido.

8. Lupus eritematoso cutdneo subagudo (LECS): Se caracteriza por lesiones cutaneas

floridas, fotosensibles y con borde serpiginoso caracteristico.

3.1.6. Tratamiento

En la Tabla 1 podemos ver los tipos de tratamiento para el LES. El tratamiento dependerd y se
ird adaptando al estado de cada paciente con el objetivo de mantener la remision clinica de la
enfermedad, permitiéndole continuar con su vida cotidiana (Jiménez-Alonso, 1997).

Tabla 1. Tipos de tratamientos en LES

Tratamientos Componentes o alternativas

Farmacoldgico = Antiinflamatorios no esteroideos (AINES)
= Glucorticoides
» [nmunosupresores
= Otros medicamentos: Antipaldicos
= Nuevas tendencias:
¢ Tratamientos bioldgicos

¢ Trasplante de progenitores hemopoyéticos

Estilo de vida = Actividad fisica (teniendo en cuenta el estado de cada
paciente, que no necesite periodo en cama)
= Proteccion solar
= Alimentacion (variada y equilibrada)
» No fumar
3.2. SINDROME DE SJOGREN

El sindrome de Sjogren (SS) es una enfermedad autoinmune de causa desconocida que
consiste en una inflamacién cronica de las glandulas de secrecion externa, (especialmente

lacrimales y salivares) produciendo disminucion de las glandulas salivares, xerostomia,
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queratoconjuntivitis seca y aumento de la glandula parétida (Chen, Cao, Lin, Olsen, y Zheng,
2015; Greenspan, Daniels, Talal, y Sylvester, 1974; Sjogren, 1930).

3.2.1. Epidemiologia

El sindrome de Sjogren es considerado la variante mas frecuente de enfermedad
sistémica y puede llegar a afectar al 3 % de la poblacion, con una prevalencia de 1 cada 1.000
habitantes. Es mas frecuente en mujeres (Garcia-Carrasco y cols., 2002) siendo la proporcion
de hasta 15:1, y suele comenzar a partir de los 30-40 afios, aunque puede aparecer a cualquier
edad.

3.2.2. Factores etiologicos

Actualmente, no se conoce la causa que origina el SS. Algunos estudios apuntan a
posibles factores genéticos y ambientales implicados en la patogenesis del sindrome, dando
lugar a la desregulacion de las células epiteliales, produciendo una inflamacion aberrante y
respuesta autoinmune anomala (Luciano y cols., 2015), siendo el desencadenante posible de la
enfermedad una infeccion virica.

Entre los factores genéticos, existe predisposicion genética, que se confirma por la
presencia de determinados marcadores HLA [DR2/DR3] y también por la existencia de varios
casos en una misma familia. Otro factor de riesgo de tipo hormonal son los estrégenos, que
explicaria que sea una enfermedad predominante en las mujeres.

En el sindrome de Sjogren, la infiltracion de linfocitos T destruye directamente las
células epiteliales dando lugar a la liberacion de citoquinas, aumentando la proliferacion de
linfocitos B (Sanchez-Roméan y cols., 2010) que causa la hiperactividad linfocitaria
caracteristica de la enfermedad (Ramos-Casals, Garcia-Carrasco, Cervera, Font, y Ingelmo,
2005), dando lugar a:

= Hipergammaglobulinemia

= Anticuerpos antinucleares de factor reumatoide
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= Anticuerpos dirigidos contra otros 6rganos

3.2.3. Sintomas v signos clinicos

A. Manifestaciones generales: En algunos/as pacientes los sintomas son muy molestos y en

otros/as casi son imperceptibles. Esto hace que no exista un SS igual a otro. Las manifestaciones
generales suelen ser fiebre sin motivo, cansancio, dolores musculares o articulares, afecciones
digestivas funcionales, alteraciones del suefio y sintomas depresivos. De forma mas especifica
los sintomas mas frecuentes de este sindrome pueden englobarse en dos grupos, glandulares y
los extraglandulares.

B. Manifestaciones glandulares:

1. Sintomas bucales y orales: La destruccion en mayor o menor grado de las glandulas
salivales causa xerostomia (disminucion salival) lo que da lugar a sequedad oral lo que
dificulta la deglucion de los alimentos. Por otro lado, la falta de saliva (por sus
propiedades antisépticas) hace que la higiene de la boca sea defectuosa, favoreciendo
las infecciones de encias y dientes por hongos y bacterias. También se produce
tumefaccion parotidea.

2. Sintomas oculares: La inflamacién de las glandulas lagrimales causa xeroftalmia

(disminucion lacrimal). La falta de humedad en el ojo debido a la disminucion/ausencia
de lagrimas puede desencadenar inflamacién conjuntiva y lesiones ulceradas en la
cdrnea, dando lugar a una queratoconjuntivitis seca. También los ojos se vuelven mas
sensibles a la luz, hasta el punto de no tolerar la exposicion al sol.

3. Otros sintomas glandulares: Se observa disminucion de las secreciones cutanea

(produciendo sequedad de la piel), bronquial (causando tos irritativa), del tracto
digestivo (dando lugar a hipoclorhidria, que es la disminucion de la produccion del acido
gastrico), intestinal (facilitando el estrefiimiento) y vaginal (causando dispareunia

dando lugar a infecciones y molestias durante las relaciones sexuales).
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C. Manifestaciones extraglandulares:

1. Osteomusculares: Las artralgias y artritis son las mas frecuentes y afectan sobre todo a

las manos. Se refieren al dolor (artralgia) e inflamacion de las articulaciones de los
huesos (artritis).

2. Cuténeas: Sobre todo vasculitis cutanea, relacionada con la presencia de crioglobulinas,
que son anticuerpos que tienen la caracteristica de precipitar o coagular con el frio.
Presencia de pdrpura de miembros inferiores. También fendmeno de Raynaud o lesiones
“lupus-like”.

3. Neuroldgicas: Hay mas probabilidad de lesiones neurologicas como hemiparesia
(disminucion del movimiento sin llegar a paréalisis) y deficit neurosensorial (ataxia o
neuropatia trigeminal).

4. Pulmonares y nefrologicas: Se manifiestan en forma de infiltrados y generalmente

producen poca sintomatologia. A nivel pulmonar, suele haber afectacion de los
bronquios y fibrosis pulmonar, y a nivel renal, nefropatia intersticial vy
glomerulonefritis.

5. Hepaticas: Cirrosis biliar primaria y hepatitis autoinmune.

6. Vejiga urinaria: Cistitis intersticial (no infecciosa), se trata de un incremento de la

frecuencia urinaria, urgencia miccional y dolor abdominal bajo o perineal originado en

la vejiga.

7. Gastrointestinales: Disfagia, gastritis atrofica, asociacion a enfermedad celiaca y
pancreatitis autoinmune.

En la Figura 4 se encuentra los principales sintomas y signos del sindrome de Sjégren.
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Sme. Seco ocular Sindrome de Sjogren

Nemonitis intersticial infoidea
llinforna]

Sme. Seco bucal

Tiroiditis autoinmune

Nefropatia intersticial
GM membranosa/mesangio capitar

Artritis y artralgias

Vasculifis
[mononeurits]

Tesis Doctoral: Introduccién

Figura 6: Sintomas y signos del Sjogren. Obtenido del Manual AulaMir, Colegio Oficial de

Médicos de Granada (2015)

3.2.4. Diagn6stico

Calvo-Aranda y Mufioz-Fernandez (2011) proponen un esquema diagndstico a partir los

criterios de clasificacion americano-europeos del sindrome de Sjogren (2002):

1. Sintomas oculares (1 respuesta afirmativa):
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»= Molestias de sequedad ocular de forma diaria y persistente en los ultimos 3
meses.
= Sensacion de arenilla en los ojos.
= Utilizacion de lagrimas artificiales mas de 3 veces al dia.
2. Sintomas orales (1 respuesta afirmativa):
= Sensacion de sequedad oral en los Gltimos 3 meses.
= Glandulas salivales hinchadas de forma recurrente y persistente.
= Tener que beber liquidos frecuentemente para tragar alimentos secos.
3. Signos oculares (1 resultado positivo):
= Test de Schirmer sin anestesia <5 mm en 5 minutos. Consiste en introducir un
papel absorbente en el saco conjuntival inferior durante 5 minutos o hasta que la
humedad llegue a 10 mm que es el limite normal del que se considera que no
hay humedad.
= Tincion con Rosa de Bengala o fluoresceina. En pacientes con sequedad dudosa
no confirmada en la prueba anterior, se examina la conjuntiva del ojo con
lampara de hendidura y tincion con Rosa de Bengala o fluoresceina para
confirmar la existencia 0 no de queratoconjuntivis punteada (propia de la
sequedad crénica).

4. Biopsia de glandula salival menor: Se hace una pequefia incision en la parte interna del
labio inferior, mediante cirugia minimamente invasiva con anestesia local, extrayéndose
varias glandulas para examen anatdmico patoldgico. El criterio compatible con SS es la
presencia de sialoadenitis linfocitica con focus score > 1 (un foco de linfocitos en una
concentracion de mas de 50 linfocitos por 4 mm? de tejido glandular).

5. Alteracion objetiva de la funcion de las glandula salivales:

= Sialometria: flujo sin estimulaciéon < 1,5 ml en 15 minutos.
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= Sialografia parotidea: sialectasias difusas.
= Gammagrafia parotidea: captacion retrasada, concentracién reducida o
excrecion retrasada del marcador.
6. Presencia de anticuerpos en suero de anti-Ro/SSA o anti-La/SSB.
Se diagnosticara el sindrome de Sjogren como primario cuando se cumplan 4 de los 6
criterios propuestos, siendo necesario que uno sea el quinto o el sexto, y 3 de los 4 criterios
objetivos (del tercero al sexto).

3.2.5. Clasificacién

Segun la Asociacion Espafiola de Sindrome de Sjogren (AESS) podemos diferenciar
entre dos tipos de SS segun si la enfermedad esta acompafada o no de otras enfermedades
autoinmunes.

1. Sindrome de Sjogren primario: Aparece sin la presencia de otra enfermedad autoinmune

asociada.

2. Sindrome de Sjdgren secundario o sindrome de Sjogren asociado: En este caso esta

asociado a otras enfermedades autoinmunes o reumatologicas, principalmente artritis
reumatoide, LES, esclerosis sistémica o miopatias inflamatorias.

3.2.6. Tratamiento

En la Tabla 2 se encuentran los tipos de tratamiento para el sindrome de Sjogren. A
nivel general, se deben evitar los medicamentos que favorezcan la sequedad de las mucosas.
Por otro lado, se debe favorecer la humedad ambiental, evitando el exceso de calefaccion y
disponer de humidificadores en las habitaciones (o bien recipientes planos con agua) para una

constante humidificacion gracias a la evaporacion.

Tabla 2. Tipos de tratamiento en SS

Manifestaciones Componentes o alternativas
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Extraglandulares = Antiinflamatorios no esteroideos (AINES)
» Glucorticoides
= Inmunosupresores
= Antipaludicos
» Tratamientos biologicos

Glandulares (oculares) = Lagrimas artificiales

= (afas de sol

Glandulares (bucales) = Salivales artificiales
= Beber agua frecuentemente
= Chicles y caramelos (sin azucar) y pilocarpina,
para estimular la produccion de saliva
Sequedad de las mucosas = Higiene bucal rigurosa
respiratorias
= Lavados nasales

Sequedad vaginal » Humidificacién ambiental

= Ovwulos o cremas con estrégenos (siempre con

prudencia en paciente con lupus)
= Espumas hidrantes (teniendo cuidado a las
Sequedad cutanea infecciones por hongos)

= | ubricantes

= Aceites y cremas hidratantes

3.3. ESCLEROSIS SISTEMICA

Sanchez-Romaén y cols. (2010) definen la esclerosis sistémica o esclerodermia (SSc)
como una enfermedad crdnica y autoinmune caracterizada por la afeccion difusa (induracién o
endurecimiento) de la piel y érganos internos (pulmones, corazon, rifion, tubo digestivo y

articulaciones), predominando los cambios en los vasos sanguineos de menor tamafio que
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nutren los organos (microcirculacion) y tendencia a la cicatrizacion exagerada (fibrosis
colagena).

Es una enfermedad poco frecuente que produce en los/as pacientes que la padecen un
deterioro psicosocial importante que hace necesaria su rehabilitacion en este ambito
(Kwakkenbos y cols., 2014).

3.3.1. Epidemiologia

Forma parte de las llamadas enfermedades raras por su baja prevalencia. Afecta a 3 por
cada 10.000 habitantes, mas frecuente en mujeres que en hombres, siendo la proporcion de 4:1.
La edad mas frecuente de aparicion es entre la tercera y quinta década de la vida, aunque puede
aparecer a cualquier edad (Garcia-Serna, 2014).

Segun determinadas etnias y zonas geograficas, hay una mayor frecuencia y expresion
clinica distinta (Sanchez-Roman y cols., 2010). En la raza negra, la esclerodermia es mas
frecuente, hay mayor proporcion de hombres afectados, edad de aparicion mas precoz y
predomino de formas difusas.

3.3.2. Factores etiologicos

La causa de la esclerosis sistémica es desconocida, pero los estudios actuales indican un
origen multifactorial con la implicacion de factores genéticos (alteraciones cromosémicas) y
factores ambientales (aceite de colza adulterado, triptéfano, silice, cloruro de vinilo, y otras
sustancias) para que la enfermedad se desencadene. Para desencadenar la aparicion de la
enfermedad son necesarias tanto una predisposicidén genética como agentes desencadenantes,
produciendo alteraciones a tres niveles (Garcia-Serna, 2014):
1. Afectacion vascular
2. Cambios inflamatorios: acumulacion de fibras de colageno (fibrosis) y afectacién del
tejido conectivo (conectivopatia)

3. Alteracion autoinmune: presencia de autoanticuerpos
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3.3.3. Sintomas v signos clinicos

A. Manifestaciones generales: Las manifestaciones generales de la esclerosis

sistémica son falta de energia o cansancio, artralgias con o sin inflamacion,

mialgias con o sin pérdida de fuerza, hinchazén de manos y pérdida de peso.

B. Sintomas cutaneos: Endurecimiento de la piel, dilatacién de los vasos pequefios
de la piel (sobre todo en la cara, cuello y manos), cambios en la pigmentacion
(las manos con el frio se vuelven excesivamente palidas y después violaceas),
depdsitos de calcio en partes blandas donde normalmente no los hay (calcinosis)
con tendencia a salir al exterior, favoreciendo la aparicion de ulceras. Los
cambios cutaneos en la cara pueden provocar, a veces, una piel tersa y sin
arrugas, excepto peribucal, limitacion de la apertura de la boca y afilamiento de
nariz y labios.

C. Fenomeno de Raynaud: Consiste en el cambio de coloracién de los dedos de

manos Y pies debido al frio o al estrés, dando lugar a hinchazon de dedos, dolor,
Ulceras cutaneas de dificil cicatrizacion e incluso necrosis de la zona afectada
(gangrena). EI fendmeno de Raynaud se da con una frecuencia del 90 % de los
casos.

D. Alteraciones digestivas: Puede haber afecciones en cualquier parte del aparato

digestivo, pero el es6fago es la parte mas afectada, debido a la transformacion
fibrosa de la pared y esfinter del mismo, dando lugar a: acidez y ardores (pirosis),
disfagia o regurgitacion de algunos alimentos. Otros sintomas de afeccion del
tubo digestivo son: estrefiimiento, diarrea o dificultad de absorcion de los

alimentos.
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E. Alteraciones pulmonares: Las principales afecciones pulmonares presentes en la

SSc, son la fibrosis pulmonar e hipertension pulmonar, causando dificultad para
respirar (disnea) al realizar algln esfuerzo y tos.

F. Alteraciones cardiacas: Las alteraciones del ritmo cardiaco (arritmias,

taquicardias o bloqueos de rama) son las principales afecciones cardiacas junto
con derrames pericardicos y fibrosis miocardica (que condicionan en gran
medida el prondstico y la calidad de vida del paciente).

G. Alteraciones renales: Las alteraciones vasculares pueden afectar a los vasos

sanguineos del rifion, siendo la causa de una hipertension arterial intensa y grave
(crisis esclerodérmica) junto con insuficiencia renal y anemia hemolitica
microangiopatica.

H. Sintomas psiquiatricos: La esclerosis sistémica es una enfermedad degenerativa

que afecta tanto a la vida personal, laboral como social de la persona afectada,
lo que puede causarle depresion, ansiedad, perturbacion de suefio, disfuncion
sexual y alteraciones en la percepcion de si mismos y de su propio cuerpo por
los cambios que se producen a nivel corporal (Thombs y cols., 2010).

En la Figura 7 podemos observar los principales signos y sintomas de la SSc.

61



Eva Montero Lopez Tesis Doctoral: Introduccion

-sclerodermia

Telangiectasias [CREST]
Afectacitn 1/3 distal es g0 [CREST]

Hipertension pufmonar [CREST/diusa ] Fbmsis pulmonar

Angina variante [Raynaud coronario]
Fitrosis miocirdica Ciisis renal
Rofeinufa
HIA maligna por vascultis renal
Cirmsis bilier primasia
[CREST + C8P=3sm®. Reynolds]

Neumatoss quistica

Calcinosis periarticuar [CREST]

Fentimeno Raynaud
[CREST]

Esclerodactlia [CREST]

Figura 7: Sintomas y signos de la esclerosis sistémica. Obtenido del Manual AulaMir, Colegio
Oficial de Médicos de Granada (2015)

3.3.4. Diagnostico

Los criterios diagnosticos propuestos por la Asociacion Americana de Reumatologia
(ARA, 1980) para la esclerosis sistémica son:
v Criterio mayor:
= Esclerodermia proximal.
= Engrosamiento, retraccion e induracion simétrica de la piel de los dedos y de la
piel proximal a las articulaciones metacarpofalangicas. Los cambios pueden
afectar a toda la extremidad, la cara, el cuello y el tronco (t6rax y abdomen).

v" Criterios menores:
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1. Esclerodactilia: Los cambios indicados arriba, pero limitados a los dedos de las
manos.

2. Cicatrices digitales o pérdida de sustancia de los pulpejos de los dedos: areas

deprimidas en las puntas de los dedos o pérdida de tejido en los pulpejos, como
resultado de isquemia.

3. Fibrosis pulmonar basal bilateral: Patrén reticular de densidades lineales o

lineonodulares bilaterales, mas pronunciado en las porciones basales de ambos
pulmones en un estudio radioldgico de rutina, y que pueden tener la apariencia
de moteado difuso o pulmon "en panal de abeja”. Estos cambios no deben ser
atribuibles a enfermedad pulmonar primaria.
Una persona tiene esclerosis sistémica si cumple el criterio mayor, o dos 0 mas criterios
menores.

3.3.5. Clasificacién

Antes de hablar de los distintos tipos de SSc, debemos tener en cuenta que tanto la
sintomatologia, como la evolucidn y progresion de la enfermedad es muy variable (Garcia-
Serna, 2014).

Los dos tipos principales de SSc son la esclerodermia localizada y la esclerodermia

sistémica.

A. Tipos de esclerodermia localizada (afecta sélo a la piel):

1. Morfea: Es la forma mas comun y afecta s6lo a las capas mas superficiales de la
piel con disminucidn de la pigmentacion o parches de piel abultada.

2. Morfea generalizada: Afecta a una superficie corporal mayor que la morfea,

presentdndose manchas mas extensas.
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3. Esclerodermia lineal: Es mas frecuente en la infancia y adolescencia. Presenta

una linea de piel abultada que aparece en piernas y brazos, pudiendo afectar al
tejido subcutaneo y el musculo que esté debajo.

4. Golpe de Sable (Coup de Sabre): Esclerodermia lineal de cara o cuero cabelludo

que puede asociarse con anormalidades en el crecimiento de los huesos faciales.

B. Tipos de esclerodermia sistémica (afecta a los 6rganos internos):

1. Esclerosis sistémica cutdnea limitada: Sus principales sintomas son la presencia

del fendbmeno de Raynaud de varios afios de evolucion, afectacion cutanea
limitada a cara, manos, pies y antebrazos, capilares periungueales dilatados,
anticuerpos anticentromero e incidencia de hipertension arterial pulmonar
tardia, con/sin calcificacion cutanea, enfermedad gastrointestinal, sindrome de
CREST o enfermedad intersticial pulmonar.

2. Esclerosis sistémica cutanea difusa: Se caracteriza por afectacion cutanea

troncal o acral, fendmeno de Raynaud seguido de cambios cutaneos edematosos
de menos de un afio de evolucidn, dilatacion capilar periungueal (pérdida de
capilares), anticuerpos anti-Scl-70 y anti-ARN-polimerasa-1, 1 o Il y aparicion
temprana y significativa de afectacion renal, fibrosis pulmonar, afectacion

gastrointestinal difusa y miocardica.

3.3.6. Tratamiento
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Garcia-Serna (2014) expone los siguientes tratamientos para la esclerosis sistémica:

Tabla 3. Tipos de tratamiento de la esclerosis sistémica

Tratamientos Componentes o alternativas

Farmacoldgico = Vasodilatadores
= Anti-fibroticos

= Inmunosupresores

Estilo de vida » Cuidado de la piel: hidratacion, curacion de heridas,
proteccion solar, etc.
= Proteccion contra el frio (usar guantes y calcetines
gruesos en invierno) y cambios bruscos de
temperatura
= Evitar el estres
= Higiene bucal
= Prohibido fumar
= Estiramentos musculares, masajes, fisioterapia,
evitar inmovilizacion de articulaciones
Otros = Transcutaneous Electrical Nerve Stimulation
(TENS): técnica terapéutica de electroestimulacion
transcutanea de los nervios para controlar el dolor

= Terapia con células madre adultas

Una caracteristica comin a todas las enfermedades autoinmunes es el efecto
exacerbador que tiene el estrés psicologico en la sintomatologia de las mismas. En el siguiente
apartado vamos a mostrar de forma mas detallada la estrecha relacion entre el estrés psicolégico
y la autoinmunidad, asi como del papel exacerbador del estrés en la sintomatologia clinica de
las enfermedades autoinmunes, y de forma mas especifica en: lupus, sindrome de Sjogren y

esclerosis sistémica.

3.4. AUTOINMUNIDAD Y ESTRES
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Actualmente, el interés en la relacion entre estrés y enfermedades autoinmunes es cada
vez mayor (McCray y Agarwal, 2011). Diferentes revisiones y estudios muestran la relacion
del estrés psicoldgico con factores tanto hormonales como etiolégicos en la patogenia de la
enfermedad autoinmune (Herrmann, Sholmerich, y Straub, 2000; Huerta, Kowal, DeGiorgio,
Volpe, y Diamond, 2006; Jessop, Richards, y Harbuz, 2004; Sapolsky, Romero, y Munck, 2000;
Shepshelovich y Shoenfeld, 2006; Shoenfeld y cols., 2008).

3.4.1. ESTRES PSICOLOGICO Y LUPUS ERITEMATOSO SISTEMICO

Multitud de estudios avalan el efecto devastador que tiene el estrés psicologico en el
lupus. Los principales resultados encontrados por estos estudios muestran que el estrés
cotidiano (diario) y no los eventos vitales estresantes se relacionan con el empeoramiento de
la sintomatologia lupica. Ademaés, se ha comprobado que las fluctuaciones en la cantidad de
estrés y su interaccion con el gen 5-HT1A-1019G alelo, son las que en mayor grado se
relacionan con dicho empeoramiento, y no tanto un alto estrés mantenido durante mucho
tiempo. Por otro lado, se ha comprobado que ante situaciones de estrés psicologico, se produce
una alteracién en el patrén de respuesta inmunoldgica en pacientes con LES. Diversos estudios
han mostrado que, mediante la terapia de afrontamiento al estrés, los pacientes no solo
mejoraban psicoldégicamente sino también se encontré una disminucidn de sintomas de la
enfermedad y un incremento de calidad de vida (Navarrete-Navarrete y cols., 2010).

En la Tabla 4, presentamos los principales resultados llevados a cabo para comprobar

el efecto del estrés en el lupus.
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Tabla 4. Estudios sobre los efectos del estrés psicoldgico en lupus

Autores Muestra Tipo de estudio Medidas/Conclusiones
Wekking, n=21 LES (9 evaluaciones en Se midieron problemas cotidianos y el impacto de aspectos fisicos y
Vingerhoets, n=20 AR intervalos de 6 psicosociales de la enfermedad.
Van Dam, semanas) Poca correlacion entre estrés, calidad de vida y variables bioldgicas.
Nossent, y NUmero e intensidad de los problemas cotidianos fueron correlacionados
Swaak con el estado fisico y psicosocial en pacientes con LES que en pacientes
(1991) con artritis reumatoide (AR).
Adams, n=41 LES Prospectivo Se hicieron regresiones para evaluar la relacion entre el estrés, la
Dammers, (evaluacion diaria depresion, la ansiedad, la ira y quejas de los sintomas de LES.
Saia, durante 56 dias) Mayor variabilidad interindividual entre estrés y estado de salud fisica y
Brantley, y psicosocial.
Gaydos Distincion entre pacientes que responden al estrés y no responden.
(1994) El efecto del estrés diario sobre el estado de salud fue mas significativo

que el estrés producido por eventos vitales mayores.

Dobkiny n=44 LES Transversal Se usaron los siguientes cuestionarios: SCL-90-R, Escala de Estrés
cols. (1998) Cotidiano, Lista de Evaluacion de Apoyo Interpersonal y SF-36.

El nivel de estrés y el apoyo social percibido predijeron el malestar

psicoldgico, el componente fisico y la calidad de vida.
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Da Costay
cols. (1999)

Pawlak y
cols. (1999)

Jacobs y
cols. (2001)

n=42 LES

n=15 LES

n=15 controles

n=9 AR
n=7 LES

n=15 controles

Prospectivo (al inicio
y 8 meses despueés)

Prospectivo (antes,
inmediatamente
después y 1 hora

después de una tarea

de hablar en publico)

Prospectivo
(antes, durante y
después de una tarea

de hablar en publico)

El malestar psicoldgico fue responsable en gran parte de la actividad de la
enfermedad.

Se uso la Escala de Experiencias Vitales, Escala de Estrés Cotidiano e
Inventario de Depresion de Beck.

El estrés causado por los acontecimientos negativos fue el principal
determinante a corto plazo de la incapacidad funcional del LES.
Necesario un tratamiento integral del LES, que incluya el manejo del

estrés.

Diferencias en las respuestas inmunolégicas producidas por estrés

psicoldgico entre LES y sanos.

Diferencias en las respuestas inmunoldgicas producidas por estrés
psicoldgico entre pacientes con AR y LES con respecto a las mujeres

Sanas.
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Ward, Marx,
y Barry
(2002)

Peralta-
Ramirez y
cols. (2004)

n=23 LES Prospectivo
(evaluaciones cada 2
semanas durante 9

meses)

n=58 LES Prospectivo

(6 meses)

Tesis Doctoral: Introduccion

Cambios en los patrones de citoquinas pueden ser responsables de la
exacerbacion inducida por el estrés de la actividad de la enfermedad en
pacientes con AR y LES.

Se utilizo la Escala de Depresion (CES-D), la subescala Ansiedad/Rasgo
del Inventario Ansiedad-Estado-Rasgo (STAI) y Escala Analdgica Visual
para evaluacion global de la actividad del LES.

Cambios paralelos entre las puntuaciones de ansiedad y depresion y las
evaluaciones de la actividad del LES.

La angustia psicoldgica no provoca aumento de la actividad del LES.

Se utilizé la Escala de Eventos Vitales Estresantes y Escala de Estrés
Cotidiano.

El estrés cotidiano (y no los eventos vitales estresantes) produce un
empeoramiento de la sintomatologia clinica percibida por las pacientes
con LES.

Este aumento podia durar hasta 2 dias, estando asociado a una mayor

actividad lupica.
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Peralta-
Ramirez y
cols. (2006)

Birmingham
y cols.
(2006)

Navarrete-
Navarrete y
cols. (2010)

Takahashi y
cols. (2014)

n=21 LES Prospectivo
(6meses)
n=77 LES Prospectivo
(cada 2 meses)

n=45 LES Terapia cognitivo-
conductual

n=160 LES Estudio de casos

n=660

controles
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Se evaluo el estrés diario, ansiedad, depresion, atencion y memoria.

Estrés diario se relaciona con alteraciones en la memoria visual, la fluidez

y la atencién en los pacientes con LES.

Se utiliz6 la Escala de Estrés Percibido y se hicieron analisis de sangre.
El estrés ambiental (fluctuaciones de la tension personal) y un factor
genetico relacionado con el estrés (el 5-HT1A -1019G alelo) acttan en
conjunto como factores de riesgo de brotes en pacientes con LES que

tienen manifestaciones renales.

Se evaluaron estrés, ansiedad y depresion, actividad de la enfermedad y
brotes, calidad de vida y se recogieron muestras de sangre.

La terapia cognitiva-conductual es eficaz en el tratamiento con lupus y
altos niveles de estrés diario.

Reduce significativamente la incidencia de trastornos psicologicos
asociados con el lupus asi como produce mejora.

Mantiene la calidad de vida de los pacientes.

Se midio el estrés diario y habito de fumar.
Estrés psicoldgico diario y fumar son posibles factores de riesgo de
padecer LES.
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Williams,
Bruner,
Penfield,
Kamen, y
Oates (2014)

Jung, Nam,
Kim, y Suh
(2015)

n=30 LES Intervencion
psicoeducacional:
bateria completa
psicosocial, de
calidad de vida y las
medidas de cambio

de comportamiento

n=100 LES Prospectivo
(4-5 meses de

seguimiento)
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Entre las medidas que incluia la bateria, se evalud ansiedad, depresion,
autoeficacia en lupus, gestidn de los sintomas cognitivos y alteracion de la
salud.

Reducciones significativas de estrés y depresion como resultado de la
participacion en el taller.

Las mejoras se asociaron positivamente con mejora de habitos saludables.

Se utilizé el Inventario de Depresion de Beck, Escala de Estrés Percibido,
y se analiz6 la a-amilisa en saliva.

No se correlaciona el estrés percibido con actividad de la enfermedad; sin
embargo, los sintomas empeoran varios meses después de sufrir niveles

elevados de estrés percibido.
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3.4.2. ESTRES PSICOLOGICO Y SINDROME DE SJOGREN
Las principales conclusiones que podemos extraer de los pocos los estudios que hay
actualmente sobre estrés y sindrome de Sjogren son:
= Antes del inicio de la enfermedad, los niveles de estrés psicoldgico de los/as pacientes
son elevados y estan causados por: sucesos vitales negativos, experiencias adversas en
la infancia y/o ausencia de estrategias de afrontamiento adaptativas.
= Pacientes con SS presentan mayor tasa de trastornos psicolégicos comparados con
pacientes con LES y personas sanas.
= Pacientes con SS suelen presentar dificultades de adaptacion a sucesos vitales
estresantes, siendo un factor de riesgo de padecer trastonos mentales.
En la Tabla 5 presentamos los principales estudios llevados a cabo para comprobar el

efecto del estrés en el sindrome de Sjégren y sus conclusiones.
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Tabla 5. Estudios sobre los efectos del estrés psicologico en el sindrome de Sjogren

Autores Muestra Tipo de estudio Medidas/Conclusiones
Andersson, n=69 SS Estudio de casos - Se evaluaron la aparicion y gravedad de factores de estrés biopsicosociales
Manthorpe, y percibidos por los pacientes.
Theander
- Sintomas propios del SS (como sequedad ocular o bucal) son percibidos como
(2001) factores estresantes por los pacientes; en mayor medida por mujeres que por
hombres, y en pacientes con menor nivel educativo en comparacion a pacientes
con mayor nivel educativo.
Karaiskos,y =~ n=47 SS Retrospectivo - Seevaluo la ocurrencia de eventos estresantes mayores y menores, estrategias
cols. (2009) n=35 de afrontamiento y apoyo social antes de la aparicion de la enfermedad.
linfomas - Antes de la aparicion de la enfermedad, los pacientes con SS experimentan
n=120 elevado estreés psicologico debido a:
controles v’ eventos vitales negativos
v" la ausencia de estrategias de afrontamiento adaptativas y
satisfactorias.
- La falta de apoyo social es otro factor de riesgo de desarrollo de la enfermedad.
Hyphantis, n=40 SS Estudio de casos - Se usaron el SCL-90-R, el Cuestionario de Estilo de Defensa, el Cuestionario
Mantis, n=56 LES de Ambivalencia Emocional y el Cuestionario de Calidad de Vida relacionada
Voulgari, n=80 con la Salud.
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Tsifetaki, y
Drosos (2010)

Shelomkovay n=50 SS
cols. (2013) ingresadas

Estudio de casos

Tesis Doctoral: Introduccion

Pacientes con SS presentan mayores tasas de trastornos psicolégicos en general
en comparacion con LES y los controles.

La somatizacion fue més prominente en las SS que en LES o controles.

Los pacientes con SS presentan dificultades psicoldgicas especificas en la
adaptacion a factores estresantes vitales.

El perfil defensivo subyacente y de capacidad de respuesta de estos pacientes,
se asocia de forma independiente con la evolucion del SS.

Se evaluo severidad de la depresion, ansiedad, estrés percibido y fatiga.

Pacientes con SS tienen mayor tasa de riesgo a padecer trastornos mentales

causados por factores estresantes vitales y experiencias adversas en la infancia.

Los resultados apoyan el modelo de diatesis-estrés de los trastornos mentales en

pacientes que sufren SS.
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3.4.3. ESTRES PSICOLOGICO Y ESCLEROSIS SISTEMICA
Son pocos los estudios que existen sobre los efectos del estrés en la esclerosis sistémica,
pero todos coinciden en que el estrés psicoldgico es un factor de riesgo del inicio y exacerbacion

de la enfermedad (Tabla 6); al igual que ocurre en el lupus y el sindrome de Sjogren.
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Tabla 6. Estudios sobre los efectos del estrés psicoldgico en la esclerosis sistémica

Autores Muestra Tipo de estudio Medidas/Conclusiones
Chen, Huang, n=40 SSc Retrospectivo - Se evaluaron los sucesos vitales recientes mediante la entrevista
Qiang, Wang, y n=40 semiestructurada de Paykel.
Han (2008) controles ) ) o )
- Relacion fuerte entre eventos vitales estresantes e inicio de esclerosis
sistémica.
Hui, Johnston, n=113 SSc Restrospectivo - Elestrés esta involucrado en el inicio, desarrollo y exacerbacion de la

Brodsky, Tafur, y
Kim Ho (2009)

Matsuura y cols. n=17 SSc
(2011) n=38

controles

Newton, Thombs n=16 SSc
y Groelau (2012)

Prospectivo
(Tarea estresante
de célculo

mental)

Estudio de casos

enfermedad.

Se midieron niveles séricos hormonales relacionados con el estrés y

citoquinas, sucesos estresantes recientes y calidad de vida.

Alteracion en los patrones de respuestas neuroendocrino e inmunitarios a

causa del estrés psicoldgico.

Mediante entrevista los/as pacientes informaron sobre cuestiones

relacionadas con el estrés y la enfermedad.

Algunas pacientes manifiestan que el estrés puede exacerbar la enfermedad.

Resumidos los principales estudios que muestran los efectos del estrés psicoldgico en estas enfermedades autoinmunes. A continuacion vamos a

explicar el proceso que relaciona el estrés y la autoinmunidad.
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3.4.4. MECANISMOS IMPLICADOS EN EL EFECTO DEL ESTRES EN LAS
ENFERMEDADES AUTOINMUNES

En el capitulo I, se expuso el papel fundamental que tienen los sistemas
neuroendocrinos hipotalamo-hip6fiso-corticosuprarrenal y médulosuprarrenal, en la respuesta
fisioldgica al estrés. Segun Labrador y cols. (1995), la activacion de glucocorticoides produce

una inhibicion de la inmunidad celular que da lugar a:

supresion de la proliferacion de linfocitos T.

liberacion de interlucina-1 (responsable del desarrollo de los linfocitos).
= liberacion de catecolaminas que estimulan la liberacion de células T supresoras.
= liberacion de noradrenalina que inhibe el tejido linfatico (encargado de
produccion de linfocitos).
= liberacion de interlucina-6 (hormona proinflamatoria).
La secrecion de hormonas neuroendocrinas provocadas durante el estrés puede conducir
a una desregulacion inmune o produccion alterada y amplificada de las citoquinas dando lugar
a la enfermedad autoinmune. Las sustancias transmisoras del sistema inmune-neuroendocrino
son: epinefrina, norepinefrina, acetilcolina, sustancia P, péptido intestinal vasoactivo, glucagon,
insulina, citoquinas, factores de crecimiento y otros numerosos mediadores. La respuesta al
estrés y la induccion de una desregulacion en el equilibrio de las citoquinas pueden
desencadenar una disfuncion del eje hipotalamo-hipofisis-suprarrenal y del sistema nervioso
simpatico. Trastornos en la funcion inmune estan mediados por el sistema neuroendocrino-
inmune debido a la sobreproduccion de neuropéptidos y citoquinas. Las maltiples funciones de
las células Th2 (células T auxiliares tipo 2) en el mantenimiento de la inflamacién y la alteracion
del equilibrio entre Thl (células T auxiliares tipo 1) y las respuestas Th2 presentan un

importante mecanismo de inflamacion y dafio tisular (Brickman y Shoenfeld, 2001; Frieri,
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2003; Shepshelovich y Shoenfeld, 2006; Shoenfeld y cols., 2008; Shoenfeld e Isenberg, 1989;
Stojanovich, 2010).

Distintas hipoétesis plantean que la interaccion bidireccional alterada entre el sistema
nervioso, inmune y endocrino es la causante de varias enfermedades endocrinoldgicas
autoinmunes (Brickman y Shoenfeld, 2001; Shoenfeld y cols., 2008; Shoenfeld e Isenberg,
1989; Stojanovich y Marisavljevich; 2008; Tsatsoulis, 2006; Stojanovich, 2010).

Los niveles altos de glucocorticoides y catecolaminas segregados por una situacion de
estrés prolongada, producen la supresion del sistema inmune. Sin embargo, esta
inmunosupresion ampliamente demostrada, no tiene sentido filogenéticamente puesto que si la
finalidad de la respuesta al estrés es preparar al organismo para defenderse frente a una posible
amenaza, es contradictorio que este actue suprimiendo su mayor sistema de defensa que es el
sistema inmune. De este modo, cuando el estrés es mas prolongado, las glandulas suprarrenales
segregan glucocorticoides en cantidades excesivas que pueden afectar al sistema inmune,
haciendolo mas vulnerable a la enfermedad (Robles-Ortega y Peralta-Ramirez, 2010).

Hipotesis de Munck

Munck y Naray-Fejes-Toth (1994) plantean un modelo avalado por distintas
investigaciones (Salpolsky, Romero y Munck, 2000) donde explican por qué se produce la
supresion del sistema inmune durante el estrés.

Durante los primeros minutos (treinta aproximadamente) posteriores a la aparicion de
un agente estresante, la inmunidad no se suprime uniformemente, hecho que sucede en todos
los ambitos de inmunidad, sobre todo en la inmunidad innata. Esto tiene sentido, aunque
resultara Gtil que se activaran partes de nuestro sistema inmune que produzcan anticuerpos que
nos protejan a lo largo de las siguientes semanas; tiene mas sentido que se activen partes del
sistema inmune gque nos ayuden en el mismo momento que aparece el agente estresante.

Cuantas mas células inmunes sean liberadas por el torrente sanguineo y por el sistema dafiado,
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mas células inflamatorias se infiltraran, teniendo en cuenta que los linfocitos son los que mejor
liberan y responden a los transmisores inmunes.

Ademas, este aumento de la inmunidad no se produce Unicamente ante la aparicion de
un agente infeccioso, también con agentes estresantes fisicos y psicoldgicos se produce una
activacion inmune temprana; por lo que con toda clase de agentes estresantes nuestras defensas
se refuerzan (Bachen y cols., 1995). Sin embargo, si los agentes estresantes se mantienen, bajan
los niveles de inmunidad a niveles incluso del 40-70 % por debajo de la linea base (Salpolsky,
2008). Es decir, cuando el estrés prolonga la permanencia de los glucocorticoides y la activacion
del sistema simpatico, comienza a tener el efecto opuesto, dando lugar a la supresion de la
inmunidad. Cuando el sistema inmune se activa de forma cronica empieza a confundir parte de
uno mismo como elemento invasor, generando autoinmunidad (Salpolsky, 2008).

Segun la hipotesis de Munck (Munck y Naray-Fejes-Toth (1994), cuando hay una
adecuada secrecion de glucocorticoides, se produce un aumento de la inmunidad innata, como
respuesta adaptativa al estrés; sin embargo, en situaciones en las que no hay una
inmunosupresion adecuada, no se restablecen los niveles basales inmunolégicos, produciendo
autoinmunidad debido a una desregulacion entre el SNS y el eje HHA. Por tanto, si el sistema
inmune no desciende, regresando a su linea base, corremos el riesgo de desarrollar una
enfermedad autoinmune (Heim, Ehlert, y Hellhammer, 2000).

Diferentes estudios afirman que a causa del estrés se altera el eje HHA, produciendo
resistencia a los glucocorticoides y un desequilibrio de las citoquinas, que explicaria las recaidas
de las enfermedades autoinmunes y secrecion inadecuada de cortisol (Delevaux, Chamoux, y
Aumaitre, 2013; Silverman y Sternberg, 2012; Van der Goes y cols., 2012; Shalimar, Deepak,
Bhatia, Aggarwal, y Pandey, 2006). Sin embargo, en un estudio actual de Finan y Zautra (2013)
en artritis reumatoide (AR), los resultados no muestran estos desequilibrios. Esto podria

explicarse a través del estudio de Straub (2014), donde la activacion del eje HHA en pacientes
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con AR era similar a personas sanas, pero en realidad no deberia ser asi puesto que son pacientes
con inflamacién. Por este motivo el sistema nervioso simpatico para compensar, se activa de
forma cronica, por lo que hay una desincronizacion entre ambos ejes. Ademas Straub, Cutolo,
Buttgereit, y Pongratz (2010), proponen que existe una energia reguladora de control
neuroendocrinoinmunolégico, que media entre los ejes de respuesta.

Por otro lado, la hipdtesis expuesta por Munck ha sido verificada en, al menos, tres
ambitos (Salpolsky, Romero, y Munck, 2000):

1. Bloqueando artificialmente los niveles de glucocorticoides en ratas y luego
estresandolas, se produce una activacion del sistema inmune mediada por la adrenalina
(no por glucocorticoides), aumentando el riesgo de que las ratas desarrollen una
enfermedad autoinmune.

2. Casos en los que se ha extirpado una de las glandulas renales (fuente de
glucocorticoides) por un tumor, los niveles de éstos descienden a la mitad durante un
tiempo, en el que hay mas probabilidad que la persona desarrolle una enfermedad
autoinmune o inflamatoria.

3. Conjuntos de ratas o pollos que desarrollan espontaneamente enfermedades
autoinmunes, tienen alguna alteracion en su sistema glucocorticoide, con niveles de la
hormona por debajo de lo normal o células inmunes e inflamatorias menos sensibles a
los glucocorticoides.

Dos situaciones que aumentan el riesgo de autoinmunidad son, las continuas subidas y
bajadas que mantienen al sistema inmune en alto, y tener una subida de inmunidad no seguida
de una correcta secrecion de glucocorticoides.

Extrapolando el modelo de Munck a los dos ejes de respuesta al estrés (adrenomedular

y HHA) en personas con enfermedades autoinmunes, se produce una desregulacion de ambos
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ejes, teniendo una activacion normal o incluso mayor del eje adrenomedular (promovido por la
adrenalina y noradrenalina) y una respuesta menor o més tardia del eje HHA.

Efectos del estrés psicolégico en las enfermedades autoinmunes

“El estrés psicoldgico puede tener un papel destacado en las enfermedades sistémicas.
Su impacto puede ser devastador en la medida en que los efectos fisicos que producen no son
evidentes en un principio, sino que son percibidos por la persona cuando aparecen
manifestaciones fisicas no deseables.” (Navarrete-Navarrete, 2006, p. 34).

Podemos afirmar, por tanto, que el estrés empeora la sintomatologia de las
enfermedades autoinmunes (Stojanovich, 2010).

Robles-Ortega y Peralta-Ramirez (2010), tras el analisis de numerosos estudios llevados
a cabo en la mayoria de las enfermedades autoinmunes y con estresores diferentes (eventos
vitales de gran intensidad, estrés cotidiano, estrés inducido quimicamente, etc.), llegan a la
conclusion de que “el estrés psicoldgico en algunos casos precipita y en la mayoria de los casos
da lugar a un empeoramiento de las enfermedades autoinmunes”. (p. 44)

A nivel general, esta afirmacidn esta avalada por diferentes revisiones tedricas llevadas
a cabo por Harbuz, Richards, Chover-Gonzélez, Marti-Sistac, y Jessop (2006), Jessop, Richard,
Harbuz (2004), y Stojanovich (2008, 2010).

Las distintas investigaciones interdisciplinares llevadas a cabo dentro del campo de la
psiconeuroinmunologia demuestran cada vez mas la interrelacién clinicamente relevante entre
los factores de estrés psicologico y la aparicién y progresion de las enfermedades crénicas
(Stojanovich, 2010).

La psiconeuroinmunologia incluye maltiples disciplinas cientificas como la psiquiatria,
psicologia, endocrinologia, neurologia, inmunologia y medicina interna; para investigar sobre

las interacciones y consecuencias clinicas entre cerebro y sistema inmune (Solomon, 1998).
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Tres conclusiones basicas a las que se llega a traves de esta disciplina son (Navarrete-Navarrete,
2006):

v' La respuesta inmunolégica estd modulada por el sistema nervioso y en situaciones de
estrés se liberan citoquinas (IL-1, IL-6, IL-4, IL-10, TNF-alfa).

v’ Larespuesta inmunolégica estd modulada por el sistema endocrino, de manera que IL-
1 e IL-2, favorecen el aumento de ACTH que inhibe la produccion de IFN-gamma,
alterando la funcién de los linfocitos B. Por otro lado, IL-6 e IL-1, favorecen la
liberacion de CHR estimulando la secrecién de glucocorticoides, que junto con la
ACTH y los opiaceos, disminuyen el namero y la funcion de los linfocitos.

v' El sistema inmunoldgico determina la funcion de los sistemas nervioso y endocrino,
detectando la presencia de agentes patdgenos y generando una respuesta de adaptacion
efectiva. El hipotadlamo se activa al detectar el antigeno y el eje HHA se activa por el
antigeno y las citoquinas ante una situacion de estres.

Todo esto hace necesario investigar sobre los mecanismos implicados en la respuesta
al estrés de modo que expliquen el empeoramiento de los/las pacientes con enfermedades

autoinmunes a casusa del estrés psicologico.
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4.1. JUSTIFICACION

Como hemos visto en los capitulos anteriores, existen numerosos estudios que muestran
el efecto devastador que tiene el estrés psicoldgico en las enfermedades autoinmunes. Ademas,
se ha demostrado que la alteracion en los ejes implicados en la respuesta al estrés, tiene
importantes implicaciones en la autoinmunidad. Por un lado, la activacion del eje
adrenomedular, mediante la adrenalina, provoca un incremento en la funcion del sistema
inmune. Por otro lado, la activacion del eje HHA, mediante la secrecién de glucocorticoides,
actua deprimiendo este sistema inmune para que no ataque al propio cuerpo, evitando asi la
autoinmunidad.

Sin embargo, aunque son numerosas las investigaciones que avalan las dos afirmaciones
anteriores, no se ha llevado a cabo ningun estudio con el objetivo de analizar la activacion de
los dos ejes de respuesta al estrés psicoldgico en pacientes con patologia autoinmune, en
comparacion con la activacion de personas sanas.

Por tanto, nuestra hipotesis de partida es que el mecanismo psiconeuroinmunologico
subyacente al empeoramiento de las enfermedades autoinmunes a causa del efecto del estrés
psicoldgico, esta determinado por una desregulacién del eje adrenomedular y del eje HHA.

De este modo, cuando una persona con una enfermedad autoinmune se expone a una
situacion estresante, su sistema adrenomedular activa el sistema inmunolégico. Posteriormente,
si esta activacion no se ve suprimida por un correcto disparo del eje hipotalamico-hipofisario-
adrenal, el cual restablezca la funcion normal del sistema inmunitario; este sistema podria atacar
al propio organismo, incrementando el riesgo de autoinmunidad y provocando un

empeoramiento de los sintomas en los pacientes.
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4.2. OBJETIVOS E HIPOTESIS

Obijetivo general

Estudiar los mecanismos que expliquen el empeoramiento de la sintomatologia de
pacientes con enfermedades autoinmunes a causa del estrés psicoldgico.

Obijetivos especificos

Para llevar a cabo el objetivo principal, se llevaron a cabo cinco estudios englobados en

tres bloques que contienen los siguientes objetivos especificos:
BLOQUE I: Metodologia

Este bloque estd constituido por el estudio 1, actualmente publicado en una revista
internacional. Este bloque resulta necesario para seleccionar la metodologia mas adecuada para
la consecucion de los siguientes estudios que forman parte del resto de bloques de la tesis. El
objetivo especifico del estudio de este bloque fue:

v Objetivo especifico 1: Comprobar cual de los dos protocolos de la TSST-RV (Gafas
vs. Pantalla), producia mayor activacion del sistema nervioso simpatico y activacion del
eje HHA en personas sanas; para asi determinar el protocolo a utilizar en estudios
posteriores, tanto en personas sanas como en pacientes autoinmunes.

La hipotesis planteada fue que la TSST-RV mediante que la proyeccion de pantalla,
produciria mayor activacion del sistema simpatico y del eje HHA.

El articulo esta publicado en la revista Behavior Research Methods (Montero-Lopez, E.,
Santos-Ruiz, A., Garcia-Rios, M.C., Rodriguez-Blazquez, R., Pérez-Garcia, M. y Peralta-
Ramirez, M.1., 2015).

BLOQUE II: Variables influyentes

En este bloque se realizaron dos estudios para investigar dos variables, una de ellas fue

las fases del ciclo menstrual, que podrian influir en la secrecion de los niveles de cortisol, y por

tanto de la respuesta del eje HHA; la otra variable estudiada, no relacionada con el estrés pero
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que podria afectar al rendimiento de las pacientes, fue el tratamiento farmacoldgico corticoideo
para los sintomas de la enfermedad, el cual podria afectar a la funcion ejecutiva de estas
pacientes.

En el estudio 2 de esta tesis doctoral, se comprobd en mujeres sanas, la influencia de las
fases del ciclo menstrual tanto en los niveles de cortisol diario como en los niveles de cortisol
en una situacion de estrés (TSST-RV). En el estudio 3 de esta tesis, se investigd el efecto del
tratamiento corticoideo sobre la flexibilidad cognitiva y toma de decisiones en mujeres con
lupus. A continuacion se presentan los objetivos especificos perseguidos en cada uno de estos
estudios:

v Objetivo especifico 2: Determinar si los niveles de cortisol durante el dia de mujeres
en distintas fases del ciclo menstrual se asociaba con la reactividad al estrés posterior
en la tarea clasica de hablar en publico adaptada a realidad virtual.

La hipdtesis planteada fue que la activacion del eje HHA, basada en sus niveles de
cortisol diario, asi como en el patron de respuesta provocada por una situacion de estrés de
laboratorio, serian mayores en las mujeres que se encontraban en la fase lutea frente a las
mujeres que se encontraban en la fase folicular.

La publicacion cientifica de este estudio estd en proceso de revisién por la revista
Anxiety, Stress and Coping (Montero-Lopez, E., Santos-Ruiz, A., Garcia-Rios, M.C.,
Rodriguez-Blazquez, M., y Peralta-Ramirez, M.1., 2016).

v" Objetivo especifico 3: Determinar los efectos del tratamiento corticoideo en la
flexibilidad cognitiva y toma de decisiones de pacientes con LES.

La hipotesis planteada fue que pacientes con lupus bajo tratamiento corticoideo,
tendrian menor flexibilidad cognitiva y peor toma de decisiones en comparacion con pacientes

con lupus sin tratamiento corticoideo y personas sanas.
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Este estudio ha sido aceptado para su publicacion, encontrandose in press en la revista
Lupus (Montero-Lopez, E., Santos-Ruiz, A., Navarrete-Navarrete, N., Ortego-Centeno, N.,
Pérez-Garcia, M., y Peralta-Ramirez, M.1., 2016).
BLOQUE III: Estrés y autoinmunidad

Este bloque contiene los estudios 4 y 5 de la tesis. Los estudios de los bloques anteriores,
nos han proporcionado por un lado, la metodologia a seguir y por otro lado, las variables a tener
en cuenta para investigar el comportamiento de los dos ejes implicados en la respuesta al estrés,
tanto en personas autoinmunes como en personas sanas.

El estudio 4 consistio en el andlisis de los niveles de cortisol a corto y largo plazo de
pacientes autoinmunes y personas sanas. Por altimo, en el estudio 5 se comprobo si habia
diferencias en la activacion de los dos ejes de respuesta al estrés de personas con enfermedad
autoinmune con respecto a personas sanas. Los objetivos especificos de estos estudios se
presentan a continuacion:

v Objetivo especifico 4: Estudiar si existen diferencias en la activacion del eje HHA entre
mujeres con enfermedades autoinmunes y mujeres sanas a dos niveles: mediante el
cortisol en saliva durante un dia, como medida transversal y mediante el cortisol en pelo,
como medida retrospectiva de estrés cronico.

La hipotesis planteada fue que los niveles de cortisol en saliva y en pelo entre pacientes
autoinmunes y personas sanas, estarian alterados en las pacientes autoinmunes, debido a
una alteracion del eje HHA.

La publicacion cientifica de este estudio estd en proceso de revisién por la revista

Psychosomatic Medicine (Montero-Lépez, E., Santos-Ruiz, A., Gonzélez, R., Navarrete-
Navarrete, N., Ortego-Centeno, N., Martinez-Augustin, O., Rodriguez-Blazquez, M., y Peralta-

Ramirez, M.1., 2016).
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v" Objetivo especifico 5: Identificar diferencias en la activacién psicofisiologica y
neuroendocrina de la respuesta al estrés en pacientes autoinmunes y personas sanas. De
este objetivo, se derivan los siguientes sub-objetivos:

v/ 5.1. Estudiar si existen diferencias en la respuesta del sistema nervioso simpatico
de pacientes autoinmunes con respecto a personas sanas, en una situacion de estrés
de laboratorio.

La hipotesis planteada fue que pacientes autoinmunes presentarian una
activacion similar del sistema nervioso simpatico que las personas sanas en la
respuesta al estrés en una situacion de laboratorio.

v/ 5.2, Estudiar si existen diferencias en la respuesta endocrina del eje HHA de
pacientes autoinmunes con respecto a personas sanas, en una situacion de estrés
de laboratorio, medida a través de los niveles de cortisol en saliva.

La hipotesis planteada fue que pacientes autoinmunes presentarian una menor
activacion del eje HHA que las personas sanas en respuesta al estresor.

La hipotesis que sustenta el objetivo especifico 5 fue que pacientes autoinmunes
presentarian una activacion similar del sistema nervioso simpatico a la de las personas sanas
ante un estresor, pero una disminucién de la activacion del eje HHA, lo que demostraria la
presencia de mecanismos alterados en la respuesta al estrés psicoldgico que explicarian el

empeoramiento de la sintomatologia en personas con enfermedades autoinmunes.
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OBJETIVO GENERAL
Estudiar los mecanismos que expliquen el empeoramiento de la sintomatologia de

pacientes con enfermedades autoinmunes a causa del estrés psicoldgico.

Objetivo 1: Comparar los

BLOQUE I: protocolos de TSST-RV.
Metodologia

Estudio 1: A virtual reality
approach to the Trier Social Stress
Test: Contrast of two distinct

protocols

Objetivo 2: Analizar la Estudio 2: The relationship

influencia de las fases del between the menstrual cycle and

ciclo menstrual en los niveles cortisol secretion: Daily and

BLOQUE II: de cortisol diario y frente aun = stress-invoked cortisol patterns
Variables estresor.
influyentes Objetivo 3: Determinar los

Estudio 3: The effects of

efectos del tratamiento corticosteroids on cognitive

corticoideo en la flexibilidad = flexibility and decision-making in

cognitiva y toma de women with lupus

decisiones de pacientes con

lupus.

Obijetivo 4: Identificar Estudio 4: Analyses of hair and

diferencias en los niveles de salivary cortisol for evaluating

cortisol en saliva y pelo en hypothalamic-pituitary-adrenal

BLOQUE IlI: pacientes autoinmunes y

axis activation in patients with
Estrésy

personas sanas.

autoimmune disease
autoinmunidad Obijetivo 5: Identificar

Estudio 5: Mecanismos

diferencias en la activacién = explicativos del empeoramiento de

psicofisioldgica y pacientes autoinmunes a causa del

neuroendocrina de la estrés psicologico.
respuesta al estrés de
pacientes autoinmunes y

personas sanas.
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“A virtual reality approach to the Trier Social Stress Test: Contrasting two distinct
protocols”

5.1. Introduction

The Trier Social Stress Test (TSST) is an experimental paradigm used as a tool in
investigating the psychobiologic stress response in the laboratory, as it activates the
hypothalamic-pituitary- adrenal axis (HPA) (Kirschbaum, Pirke, & Hellhammer, 1993). The
response is reflected in an increase in heart rate, blood pressure, and adrenaline and cortisol
levels, as well as in a negative effect on mood (AI’Absi et al., 1997; Nicolson, Storms, Ponds,
& Sulon, 1997). In the traditional TSST, as proposed by Kirschbaum et al.(1993), participants
have to prepare a speech, claiming they are suitable for a given job appointment, articulate the
speech in front of an audience, and subsequently complete an arithmetic task in public. The
audience is generally composed of people who had been previously trained in neutral verbal
and non-verbal behaviors (Foley & Kirschbaum, 2010). Vinkers et al. (2013) recorded
psychophysiologic variables to investigate the effects of stress on core and peripheral body
temperature in humans. They used the TSST and obtained distinct response patterns in men
(i.e., increased cheek temperature) and women (i.e., decreased nasal skin temperature).

The original TSST has been utilized, since its inception, to measure stress reactivity in
diverse populations such as children (TSST-C; Buske-Kirschbaum et al., 1997), middle aged
adults (Fiocco, Joober, & Lupien, 2007), and retired people (Kudielka et al., 1998), as well as
in various pathologies, such as psychiatric patients (Brenner et al., 2009), metabolic syndrome
(Chrousos, 2000), systemic hypertension (Esler et al., 2008), systemic lupus erythematosus
(Pawlak et al., 1999; Santos-Ruiz et al., 2010), and myalgias (Sjors et al., 2010). Likewise, the
TSST has been used to test the relationship between stress and a variety of psychologic
variables, such as depression (Parker, Schatzberg, & Lyons, 2003), social anxiety (Shirotsuki
et al., 2009), and personality traits (Kirschbaum, Bartussek, & Strasburger, 1992; Pruessner et
al., 1997).
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The adaptation of the TSST into a virtual reality (VR) environment elicits a significant
physiologic response, thus solving some of the common TSST limitations that come from
constraints both in the design of different environments or set-ups and from the assembling of
acceptably large audiences for each experimental session, given that the magnitude of the stress
response depends in part on the size of the audience. An additional limitation results from the
cost of TSST implementation, as it is necessary to have separate rooms for experimental
subjects and audiences, a certain time is spent in training audience participants to show neutral
behaviors in response to subjects’ performance, and audiences may be unreliable and show
distinct behaviors between one participant and another. Therefore, it would seem that the TSST
in the virtual environment constitutes a viable alternative to the usual forms of presentation of
stress tasks (Kotlyar et al., 2008).

Virtual reality tasks are increasingly used in the laboratory setting, given their
convenience and efficacy in providing three-dimensional (3D) computerized environments and
setups with which to study various pathologies and their associated responses (e.g., stress). In
reviewing recent research on the application of VR to the treatment of mental disorders, Malbos,
Boyer, and Lancon (2013) concluded that there was sufficient evidence to attest to the efficacy
of this methodology in the assessment and treatment of distinct mental disorders.

In a related investigation, Kelly, Matheson, Martinez, Merali, and Anisma (2007)
utilized the TSST-VR, as delivered by Virtually Better Inc., Atlanta, GA, in which a previously
recorded virtual audience was presented in 3D. Results indicated that giving a speech and
carrying out an arithmetic task in front of a virtual audience produced a significant increase in
salivary cortisol (30 %), even though the increase was greater when both tasks were conducted
in front of a real audience (90 %).

In their study, Kotlyar et al. (2008) demonstrated that the TSST-VR resulted in a

physiologic response with significant increases observed in response to each stress task in

93



Eva Montero Lopez Tesis Doctoral: Estudio 1

systolic and diastolic blood pressure and heart rate, a finding that suggests the TSST-VR
constitutes a viable alternative to previous TSST methodologies, with the additional advantages
of reducing variability in the mode of presentation, and decreasing human and financial costs.

Several studies have used the TSST-VR in recent years. For instance, Jonsson et al.
(2010) used a CAVE™ system developed at the Electronic Visualization Laboratory of the
University of Illinois in Chicago, which facilitates total immersion by means of a VR room, a
head-tracking system, and passive stereoscopy. This study’s main results center on the
habituation of the various measures of sympathetic activity obtained in response to the second
implementation of the TSST-VR. On the first performance of the TSST-VR there was an 88 %
increase of salivary cortisol with respect to baseline levels, which was habituated in the second
session.

Another version of the TSST-VR was implemented by Santos-Ruiz et al. (2010) by
projecting a 3D virtual audience onto a screen. Results showed that this version of the TSSTVR
resulted in significant sympathetic activation, as well as activation of the HPA axis in the
majority of participants. It was, therefore, concluded that this form of the TSST-VR stimulated
the main axes involved in the stress response.

Given the results obtained to date, it seems that the TSSTVR constitutes a useful
technique in the study of the activation of the basic axes involved in the stress response.
Considering the advantages of this way of presenting the TSST paradigm, it would be beneficial
to further investigate which methodological variations produce greater or lesser immersion in
the virtual environment, as we hypothesize that the level of immersion will determine the level
of activation of the physiologic axes involved in the stress response. Additionally, it would be
worthwhile to explore whether there are sex differences in the stress response brought about by

the TSST-VR, as traditional TSST studies have shown that this task results in larger increases
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of salivary cortisol in men than in women (Foley & Kirschbaum, 2010; Kirschbaum et al., 1993;
Williams, Hagerly, & Brooks, 2004).

Annerstedt et al. (2013) carried out a pilot study in which a VR environment was used
with two distinct objectives; first, producing physiologic stress by means of the TSST-VR, and,
secondly, comparing physiologic recovery in different virtual environments after inducing the
stress response. Their results showed that the TSST-VR activates the HPA axis and that
recovery from the induced stress response varied as a function of the type of virtual environment
to which participants were exposed.

Previous studies of the TSST in the virtual environment have differed in the way they
projected 3D images, with some projecting images onto a screen and others using 3D goggles.
Morina, Brinkman, Hartanto, and Emmelkamp (2014) examined levels of anxiety and sense of
presence during exposure to two types of virtual environments: a head-mounted display (HMD)
with motion tracker and stereoscopic view, and a one-screen projection-based VR display.
Their results suggest that both VR displays were equally effective in evoking moderate levels
of anxiety, although the HDM display appeared to produce a stronger sense of presence.

We have explored the potential differences between studies of the TSST-VR paradigm
that have used goggles and those that have used a projection screen, and it appears that none of
them show a conclusive advantage of using one method over the other in terms of activating
the axes of the stress response. Thus, our objectives were twofold. First, we aimed to investigate
which of two TSST-VR protocols induced greater sympathetic activation, as measured by skin
conductance, and HPA axis activation, as measured by secretion of salivary cortisol. Both
protocols included a 3D virtual audience but, while one was presented on a large screen, the
other was presented by virtual goggles. A second objective in this study was to examine whether
there were sex differences in the activation of either axis, as is the case in the traditional TSST,

and whether they differed according to the two TSST-VR protocols.
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5.2. Method
Participants

Forty-five students attending the University of Granada volunteered their participation
in this study. They were divided into two groups, according to which protocol of the TSST-VR
was used: 3D goggles or a large screen projection. The goggles group included 13 females and
11 males, with a mean age of 21.9 years (SD = 5) and 14 years of schooling on average (SD =
0). The screen group contained 15 females and six males, with a mean age of 20.4 years (SD =
1.25) and 14 years of schooling on average (SD = 0).

The following were the exclusion criteria, adopted because of their potentially negative
effect on cortisol levels (Williams et al., 2004): hypertension, heart disease, obesity, clinical
diagnosis of depression or anxiety, personality disorders, and substance use (i.e.,
amphetamines, methadone, barbiturates, or muscle relaxants). We also recorded sleep duration
and excluded any participant that had not slept a minimum of 4 hours on the night prior to the
experiment. Participants provided data on sleep duration as part of the semi-structured
interview.

On arrival at the laboratory, participants were given information about the experiment
and asked to sign an informed consent form approved by the Ethics Committee of the University
of Granada and performed according to the recommendations of the Declaration of Helsinki.

Immediately afterwards, they were administered the semi-structured interview.

Instruments
The questionnaires below provided meaningful covariates that could be used in

statistical analyses of the psychophysiologic measures and cortisol.
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Semi-structured interview Including sociodemographic data,daily life and sleep habits,
medication, menstrual cycle, and history of psychiatric or psychologic treatment.

Stress Vulnerability Inventory (SVI) (Beech, Burns, & Scheffield, 1986; Spanish
adaptation, validated by Robles-Ortega, Peralta-Ramirez, & Navarrete-Navarrete, 2006). This
instrument consists of 22 items and evaluates the individual’s predisposition to be affected by
perceived stress. The Spanish adaptation by Robles-Ortega et al. (2006) shows a Cronbach’s
alpha of 0.87. As for convergent validity, the results show a significant positive correlation (p
< 0.01) with the following assessment scales: STAI-R, Beck Depression Inventory, Somatic
Symptom Scale, and Survey of Recent Life Experiences (SRLE).

Perceived Stress Scale (PSS) (Cohen, Kamarak, & Mermeistein, 1983; Spanish
adaptation by Remor & Carrobles, 2001) The PSS is a self-report scale used to evaluate
perceived stress level and the degree to which people find their lives unpredictable,
uncontrollable, or overwhelming (aspects that contribute to stress). It consists of 14 items with
five response alternatives. The highest score corresponds to the highest perceived stress level.
The Spanish version of the PSS (14 items) has adequate reliability (internal consistency = 0.81
and test-retest = 0.73), concurrent validity, and sensitivity (Remor, 2006). Here, we have
considered those scores over 22 (i.e., the mean score for the Spanish population; Remor &
Carrobles, 2001) as reflecting high levels of perceived stress.

SCL-90-R Symptoms Inventory (Derogatis, 1994; Spanish adaptation by Gonzalez de
Rivera & De las Cuevas, 1988) We used this instrument to rule out potential psychopathology
in the participants. This self-report questionnaire was developed to assess symptoms of
psychopathology and includes 90 items with five response alternatives (0—4) on a Likert scale.
Subjects respond according to how they have felt within the past seven days, including the day
the inventory is administered. The inventory is scored and interpreted according to nine main

dimensions (somatization, obsessive-compulsive symptoms, interpersonal sensitivity,
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depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism) and three
global indices of psychologic distress (Global Severity Index [GSI], Positive Symptom Total
[PS], and Positive Symptom Distress Index [PSDI]). In this study, we analyzed these last three
global indices. This instrument is thought to have satisfactory reliability and validity (De las
Cuevas et al., 1991).

Igroup Presence Questionnaire (IPQ; Schubert, Friedmann, & Regenbrecht, 2001) The
IPQ is used to measure the sense of presence experienced in a virtual environment. The
questionnaire was used to rule out the possibility that potential differences between groups
could be attributable to variations in the sense of presence experienced by participants within
the virtual environment. IPQ responses range from —3 (=totally disagree) to + 3 (=totally agree).
The IPQ includes a total of 14 items, consisting of a global scale (with scores between —3 and
3) and three subscales: spatial presence (i.e., the sense of being physically present in the virtual
environment), with scores between —15 and 15; involvement (i.e., the attention devoted to the
virtual environment and the degree of involvement experienced), with scores between —12 and
12; and experienced realism (i.e., the subjective experience of realism in the virtual
environment), with scores between —12 and 12. Reliability data are not yet available for the
Spanish population.

Virtual reality version of the Trier Social Stress Test (TSST-VR) This is a virtual-reality
adaptation of the traditional TSST. It includes a computer program that enables the design of a
3D audience, which can be projected into a set of VR goggles (eMagin Z800 3DVisor) with a
viewing equivalent of a 105-in diagonal movie screen viewed at 12 ft, with a 40° field of view
and stereoscopic image with a 800 x 600 triad pixels per display (http://www.3dvisor.com/)
connected to a computer or, alternatively, can be projected onto a screen.

Pertaub, Slater, and Barker (2002) showed that participants that are exposed to three

virtual audiences whose behavior is different toward the speaker (i.e., neutral, positive, or
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negative) generate distinct responses in the speaker. In the present study, all participants were
exposed to the same type of audience, in identical VR and protocol conditions. Presentations
were all stereoscopic, since Ling, Brinkman, Nefs, Qu, and Heynderickx (2012) had shown that
stereoscopic VR presentations improved the sense of spatial presence in the case of public
speaking. Sound volume and audience behavior were the same for all presentations.

World Viz (http://www.worldviz.com/industries/academic/neuroscience#Starter Kit) was

adopted as the software of choice, as it provides VR environments that can be integrated with
fMRI signals, biologic responses, motion tracking input, and 3D rendering. The Vizard
program, with its high-level scripting language, affords the creation of interactive 3D content
and the integration of biologic signals. The screen was 2.21 m wide and 2.30 m high, with a
44° field of view and stereoscopic image of 1600 x 1200 triad pixels per display and a distance
of 1.75 m from the participant.

Both VR delivery protocols require that participants wear earphones to listen to the
sounds coming from the virtual environment, as well as a microphone to mislead them into
thinking that their speech will be recorded and thus enhance the threatening effect of the social
evaluation component and the participants’ level of psychosocial stress. Once the participants
were ready to start the experiment, they were informed that the task included four different
phases. During the 3-min initial phase, participants were instructed to relax and remain still.
This phase was designated as the period of psychophysiologic adaptation to the virtual
environment (baseline of skin conductance). Under both experimental conditions, participants
were seated. In the Screen Projection condition, they faced a screen showing a 3D image of a
stage curtain, while in the Goggles condition, the same image was projected by means of virtual
goggles. The second phase, labeled the anticipatory stress period, lasted 5 min, during which
participants were required to prepare a speech, describing their positive and negative traits, to

be delivered in front of the virtual audience. The third phase, also of 5 min in duration, was
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called the speech delivery period. During this period, the curtain came up, the virtual audience
appeared (Fig. 1), and participants had to begin delivering their speeches. They were instructed
to speak for the entire 5 min without interruption and attend to the form and content of the
speech, as they would greatly determine the audience’s response to their speech. The end of the
speech constituted the beginning of the last phase of the stressful task, the arithmetic task, based
on the Paced Auditory Serial Addition Test (PASAT) in which participants were asked to add

two consecutive numbers (i.e., the number they just heard and the one that just preceded it),

delivered by means of an auditory recording.

Figure 1: Three-dimensional virtual audience as projected onto a large screen

Procedure
The study was scheduled according to the diurnal cortisol curve, between 3:00 pm and
6:00 pm, when levels of salivary cortisol are more stable. Although cortisol levels are reportedly

stable between 2:00 pm and 4:00 pm (Kudielka & Kirschbaum, 2005), Spanish metabolic and
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circadian rhythms could differ from those of other European countries, due to the greater
number of light hours and the distinctive schedule of meals. Therefore, following a pilot study,
Santos-Ruiz et al. (2010) determined in a Spanish sample that cortisol levels were stable
between 3:00 pm and 6:00 pm, so all participants were tested in the afternoon, within this
temporal window. Once the participants arrived at the laboratory, they were given information
about the experiment and a consent form to be read and signed. Afterwards, they were
interviewed and completed the following questionnaires: SV, PSS, and SCL-90-R. Next,
participants were fitted with electro-dermal electrodes to record their skin conductance
responses at various time intervals (see assessment of the sympathetic reactivity section below).
Immediately afterwards, the TSST-VR was explained to the participant, the first salivary
cortisol sample (pre-exposure cortisol) was collected and the stressful task was started
(anticipatory stress, a situation of speech delivery and arithmetic task). Right after the end of
arithmetic task, the second cortisol sample (post-exposure cortisol) was collected and the degree
of immersion into the VR environment was assessed by administering the IPQ. Ten and 20 min
later, the third (post-exposure cortisol +10°) and fourth (post-exposure cortisol +20”) cortisol
samples, respectively, were taken. Participants were given interior design magazines to leaf
through in the interval between the third and fourth drawing of salivary cortisol. A diagram of

the protocol of the TSST-VR is shown in Fig. 2.
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Initial Stress period Final assessment
assessment

TSST -VR: Goggles and Screen

Interview
SVI Pre Psychophysiological |[Anticipatory [Speech Arithmetic [Post PQ Post+10  [Post+20
adaptation to VR (37) Stress(57)  Helivery(5") [fask (57) )
PSS Cortisol Cortisol SCL-90-R [Cortisol  [Cortisol
SC sC SC
0 1h 307

Figure 2: Diagrammatic representation of the protocol of a virtual reality adaptation of the Trier
Social Stress Test (TSST-VR). Note: SVI: Stress Vulnerability Inventory; PSS: Perceived
Stress Scale; TSST -VR: Trier Social Stress Test adapted to Virtual Reality; Pre-cortisol: pre-
exposure cortisol; Post-cortisol: post-exposure cortisol; Post +10 cortisol: cortisol at 10 min
after exposure; Post +20 cortisol: cortisol at 20 min after exposure; SC: skin conductance; IPQ:
Igroup Presence Questionnaire; SCL- 90-R: Symptom Checklist SCL-90R

At the end of the experiment, participants are told that their speech has not been recorded
and that the objective of the procedure was to elicit a stress response and not to have their
performance evaluated in the speech and arithmetic tasks.

Assessment of the physiologic axes involved in the stress response
Assessment of the sympathetic reactivity

Skin conductance was recorded by means of two standard-size Ag/AgCl electrodes, with
isotonic electrolyte gel placed on the palm of the non dominant hand. Subsequently, data were
recorded during visualization of the virtual scenarios, and consisted of a 3-min baseline period
prior to the TSST-VR (period of psychophysiologic adaptation to the virtual environment) and
continued recording throughout the anticipatory stress (5 min) and speech delivery (5 min)
periods. Recording of skin conductance ended right after the conclusion of the speech delivery
task (see Fig. 2). Since one of the aims of the study was to test the sympathetic reactivity evoked
during the speech delivery task under the two experimental conditions, we chose to record
measures of skin conductance because they provided a measure of sympathetic reactivity during
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the speech delivery task that was faster than that of the HPA axis in the presence of threatening
stimuli.
Assessment of the hypothalamic-pituitary adrenal axis (HPA)

Collection of salivary cortisol samples was performed using Salivette® Cortisol
(Sarstedt, Numbrecht, Germany, Ref.51.1534), which consists of two small tubes, one of them
containing a small piece of cotton. Participants chewed the cotton for about 60 s, after which it
was introduced into the salivette for analysis. Samples were analyzed at the San Cecilio
University Hospital, using the electrochemiluminescence immunoassay BECLIA™ method.
This method is designed for use in Roche Elecsys 1010/2010 automated analyzers and in the
Elecsys MODULARANALYTICS E170 module. Salivary cortisol samples were obtained at
four collection times in the study: pre-exposure cortisol, post-exposure cortisol, post-exposure
cortisol +10 min and post-exposure cortisol +20 min.

Statistical analyses

Initially, Student’s t-tests were used to check for differences between groups (goggles
vs. screen) in terms of sociodemographic (age and education level), and psychologic (SV, PSS,
and SCL-90-R) variables. Chi-square analyses were performed to check for differences
between groups in sex, use of tobacco, and contraception.

Next, we conducted a 2 x 2 x 2 ANCOVA in order to test for differences in conductance
between the two types of VR presentation protocols (goggles vs. screen), the sexes (males vs.
females), and the time of data acquisition (anticipatory stress vs. speech delivery). Baseline
levels of conductance for each participant were used as a covariate.

Additionally, we carried out a 2 x 2 x 3 ANCOVA to analyze if there were significant
differences in cortisol levels associated with the two types of VR protocols (goggles vs. screen),

the sexes (males vs. females), and the time of cortisol sampling (post-exposure, post-exposure
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+10 min and post-exposure +20 min). Pre-exposure levels of cortisol for each participant were
used as a covariate.

The Greenhouse-Geisser correction was applied to all analyses involving repeated
measures and sphericity violations. Also, in the case of cortisol responses, Bonferroni post-hoc
analyses were conducted when analyzing within-group differences across time during the
experimental session.

When significant Group x Sampling Time interactions were found, follow-up Student’s
t-tests were carried out to determine whether there were differences in either skin conductance
or cortisol level between groups at each sampling time.

Finally, we conducted a 2 x 2 ANOVA that included the type of VR protocol (goggles
vs. screen) and sex (males vs. females) to analyze the four subscales of the IPQ: global, spatial
presence, involvement, and experienced realism. Significant interactions were further examined
by means of Student’s t-tests. Further, correlation analyses were used to test the relationship
between the stress variables (PSS and SVI) and the IPQ.

5.3. Results
Sample description

Sociodemographic and psychologic data for the participants can be found in Table 1.
Results showed significant statistical differences between types of protocol in the PSS, with the
screen group scoring higher than the goggles group. Thus, PSS scores were added as covariate

in the following analyses.
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Table 1: Means (M) and standard deviations (SD) of socio-demographic and psychological

variables for the participants in both groups

Variables Goggles Screen t/y: p

M = SD M = SD
Age (years) 219+ 5 20.4£1.25 1.36 0.181
Education Level (years) 14 + 0.00 14 + 0.00 -1.07 0.290
Sex (%, %%
Males 45.83 % 25 % 1.4 0.230
Females 54.17 % 75 %
Smoking (%, ¥?)
Males 27.27 % 0% 2.7 0.100
Females 30.77 % 6.5 %
Contraceptives (%, %°) 4.33 % 1.3 % 2.6 0.140
Perceived Stress Scale 20.08 £ 10.03 26.90 £5.15 -2.81  0.007*
Stress Vulnerability 4,91 +3.92 6.62 £ 4.07 -1.43 0.161
Inventory
Symptom Checklist SCL-90-
R
Somatization 54.20 + 11.39 55.52+ 6.83 -0.46 0.647
Obsessions and compulsions 58.96 + 9.32 61.71+ 6.02 -1.16 0.253
Interpersonal sensitivity 57.96 + 12.99 59.81+ 7.51 -0.57 0.569
Depression 48.56 + 14.30 54.09 + 6.03 -1.65 0.107
Anxiety 52.87 +10.21 54.38 +7.89 -0.55 0.587
Hostility 50.37 +11.40 52.05+ 8.13 -0.56 0.579
Phobic Anxiety 43.71 +13.12 42,19 +9.23 0.44 0.660
Paranoia 57.50 + 10.09 55.38 + 8.76 0.75 0.459
Psychoticism 52.62 +14.11 53.95 + 8.50 -0.37 0.709

Note: y*: Chi-square analysis; t : t-student value; *p<0.05
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Sympathetic reactivity: Skin conductance

Results showed a main effect of type of VR protocol [F(1,42) = 4.440; p = 0.041], with
the goggles condition evoking higher sympathetic activity overall.

A significant interaction between type of VR protocol and assessment time [F(1,42) =
3.959; p = 0.050] revealed a higher activation between anticipatory stress (M = 2.85; SD = 1.95)
and speech delivery (M= 3.81; SD = 2.72) in the goggles group than in the screen group

(anticipatory stress: M = 2.98; SD = 1.20; speech delivery: M = 3.34; SD = 1.10).

Figure 3: Skin conductance for the two protocols of TSST-VR delivery (Goggles vs. Screen),
recorded at 3 points in the experiment

GOGGLES vs. SCREEN

=

e=g=(Goggles

L Screen

[¥5]

Skin Conductance

]

Baseline (3min)  AnticipatoryStress  Speech Delivery
(5 min) (5 min)

Activation of the hypothalamic-pituitary-adrenal axis (HPA): Salivary cortisol
In terms of HPA axis activation, there was no evidence of any main effect or an
interaction between the level of activation of the HPA axis and the type of TSST-VR protocols,

goggles or screen projection, at any of the cortisol extraction times.
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Finally, results showed that there was no interaction between sex and cortisol secretion
levels, regardless of whether the TSST-VR was presented by means of goggles or projected on
a screen.

Immersion in the virtual environment (IPQ)

Statistical analyses demonstrated statistically significant differences in the involvement
subscale of the IPQ as a function of the sex of the participant (independent of VR protocol
used), with males (M =— 1.06; SD = 5.43) endorsing lower levels of involvement than females
(M =2.92; SD =3.50) [F(1,42) =7.29; p = 0.01].

On the experienced realism subscale, there was a significant interaction between sex
and type of TSST-VR protocol [F(1,42) = 6.63; p = 0.014], such that males obtained higher
scores than females only on the screen projection condition (males: M = —1.66; SD = 2.16 vs.
females: M =—4.26; SD = 2.05). No significant differences were found on the global and spatial
presence subscales.

Significant correlations were found between scores on the PSS and on the IPQ subscales
involvement (r= 0.348; p = 0.02) and spatial presence (r = 0.519; p < 0.001). Similarly, SVI
scores correlated with those obtained on the IPQ subscales involvement (r = 0.298; p = 0.049)
and spatial presence (r = 0.428; p = 0.004).

5.4. Discussion

The objective of this study was twofold: firstly, we aimed to determine which of two
protocols of the TSST-VR, whether a 3D virtual audience projected onto goggles or a large
screen, produced greater sympathetic reactivity and activation of the HPA axis. Secondly, we
sought to find out whether males and females showed distinct levels of activation of the
sympathetic nervous system and HPA axis in these two TSST-VR protocols.

In terms of activation of the HPA axis, we found no statistical differences between the

two TSST-VR protocols: goggles versus screen. However, sympathetic reactivity, as measured
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by skin conductance, did vary across presentation protocols, being higher in the goggles
projection condition than in the screen condition. This effect could not be attributed to the level
of immersion associated with each of the experimental conditions.

Here, it is worth emphasizing that, although an adequate level of immersion in the virtual

environment seems indispensable to activate the stress response axes, some studies (e.g.,
Santos-Ruiz et al., 2010) have failed to find a significant relationship between the HPA axis
and the level of immersion in the virtual environment. In the present study, we did not find a
significant relationship of the HPA axis and sympathetic reactivity with the level of immersion
in the virtual environment.
In fact, although females obtained higher scores in the involvement subscale of the IPQ,
regardless of VR protocol, there were no significant sex differences associated with HPA axis
activation and sympathetic reactivity. Similar results were found with the screen protocol in
male participants that, despite obtaining higher scores on the experienced realism subscale of
the IPQ, did not show higher sympathetic activation either. It seems that the goggles elicited
significantly higher conductance values overall, but this effect was not associated with any
subscale of the IPQ and did not vary across sexes.

On the other hand, these results are in agreement with the recent study by Ling,
Brinkman, Nefs, Qu, and Heyndericky (2013) in which real-size screen presentations of a
virtual classroom were associated with a greater sense of presence when compared to real- or
reduced-size TV projections.

A positive correlation was found between stress levels (as measured by the PSS and
VSI) and the IPQ involvement and (goggles or screen) or the participant’s sex. In other words,
those participants reporting higher stress levels were also more likely to feel involved and
spatially present during the task, regardless of the manner in which the virtual audience was

presented. These results concur with those of Ling, Nefs, Morina, Heynderickx, and Brinkman
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(2014), who found a correlation between sense of presence and anxiety, but not for sex or type
of projection of the virtual environment (e.g., field of view, degree of freedom of the tracker,
etc.). Since we did not measure anxiety levels in the present study, we cannot say whether a
greater spatial presence leads to a higher level of anxiety, but we did find that those participants
with higher levels of stress prior to the TSST-VR protocol showed a higher level of involvement
and a greater sense of spatial presence, as measured by the IPQ.

The results showed sex differences in that females manifested a greater degree of
involvement than males, regardless of the VR protocol used. In contrast, females exposed to
the 3D audience of the TSST-VR by means of the screen projection manifested less experienced
realism than males. Such sex differences need to be considered in designing research that uses
VR methodologies, given that differences between males and females could be erroneously
attributed to distinct HPA axis responses when, in fact, they are due to differences in the degree
of VR immersion of each gender. In fact, the two aims of this study stemmed from results such
as those reported by Kotlyar et al. (2008), showing that the TSST-VR produces sympathetic
activation and engages the HPA axis. Similarly, Kelly et al. (2007) concluded that the TSST-
VR activates the stress response and constitutes a useful tool in that it solves some of the
limitations associated with the traditional TSST.

In recent years, there have been reports of various investigations demonstrating the
utility of the TSST-VR. Nevertheless, despite common agreement on the suitability of the VR
version of this task in engaging the axes mediating the stress response, certain controversial
issues still remain. One of these issues pertains to the presentation of the virtual environments
that are common to most. Some investigators have projected 3D environments onto large
screens (Santos-Ruiz et al., 2010), while others have used goggles (Jonsson et al., 2009; Kelly
et al., 2007). Despite these differences, no study has contrasted the various versions of the

TSST-VR to detect which form of presentation results in a greater response to the stress
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generated by the task. Additionally, although it is well known that the traditional TSST evokes
more activation in males than in females (Foley & Kirschbaum, 2010; Hemmeter et al., 2005;
Williams et al., 2004), sex differences in response to the TSST-VR have not been systematically
studied. The results obtained in this study provide some answers to these questions.

It should be noted, however, that use of the VR goggles could have caused
cybersickness, according to theories like the Sensory Conflict Theory, the Poison Theory, and
the Postural Instability Theory (La Viola Jr., 2000). Still, no member of the goggle presentation
group reported symptoms of cybersickness, nor were there any indications of cybersickness in
the skin conductance records.

The present study has limitations that need to be taken into account when considering
the study and its findings. Firstly, given that one of our objectives was to characterize sex
differences in the two versions of the TSST-VR used here, it would have been desirable to have
an equal number of males and females. Likewise, it would have been preferable to count on
matched levels of perceived stress across groups at the baseline level, since the initial
differences could be selectively influencing stress responses at both the sympathetic and HPA
axis levels.

In summary, our results appear to support the use of the TSST-VR, whether it is
delivered via goggles or via a large screen projection, as a useful paradigm to investigate the
modulation of the principal axes that intervene in the stress response. More concretely, if the
aim of the study is to specifically investigate one of the two axes, it seems that it would be
preferable to use a goggles protocol to activate the sympathetic nervous system and projection
of the 3D image onto a screen to activate the HPA axis, particularly if participants are mainly
females. In investigating the stress response in both axes and mostly with males, our results

seem to favor the use of the goggles protocol. Finally, if the study were to include both stress
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response axes and both sexes, our findings would indicate that the use of a 3D image projected

onto a large screen would be the recommended TSST-VR protocol.
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“The relationship between the menstrual cycle and cortisol secretion: Daily and stress-
invoked cortisol patterns”

6.1. Introduction

A great deal of research has demonstrated that menstrual cycle phases involve
significant changes in hormone levels. Such changes during the menstrual, follicular, and luteal
phases of the menstrual cycle, in patterns of eating, exercise, sleep, and health (Brown,
Morrison, Calibuso, & Christiansen, 2008), together with the possible influences of other
variables such as tobacco, oral contraceptive use, and stress (al'Absi, Hatsukami, & Davis,
2005; Boisseau et al., 2013; Huttlin, Allena, Tosuna, Allena, & al'Absi, 2015; Kajantie &
Philips, 2006; Kudielka & Kirschbaum, 2005; Kudielka, Hellhammer, & Wist, 2009) can
invoke many physical and psychological changes in women.

With respect to psychological changes, cortisol, considered the stress hormone par
excellence, is a key player. It is considered one of the main markers of the activated
hypothalamic-pituitary-adrenal (HPA) axis in response to a stressful event (Hellhammer, Wist,
& Kudielka, 2009). Given the hormonal changes that occur during the menstrual cycle, multiple
studies have examined the ways in which cortisol levels are related to the distinct menstrual
cycle phases as well as whether there is an association between these two factors (Duchesne &
Pruessner, 2013; Gordon & Girdler, 2014; Kudielka et al., 2009; Lustyk, Olson, Gerrish,
Holder, & Widman, 2010).

There is some controversy regarding cortisol secretion and its influence on menstrual
cycle phases. Some studies have not found any relationship between cortisol levels and
menstrual cycle phase (Fries, Dettenborn, & Kirschbaum, 2009; Wolfram, Bellingrath, &
Kudielka, 2010), whereas others, did in fact detect phase-related differences in cortisol levels
(Walder, Statucka, Daly, Axen, & Haber, 2012). These authors studied this relationship by
measuring salivary cortisol levels, collecting a baseline cortisol sample 15 minutes after the

arrival of the participants at the laboratory (9 am) and two subsequent samples at 10 amand 11
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am. The participants completed various self-reported and neuropsychological measures
between the last two samplings. The results showed that women in the luteal phase had higher
cortisol levels in the three samples compared with those in women in the follicular phase,
although this difference did not reach statistical significance. However, women in the follicular
phase showed a delayed recovery of cortisol levels following stress.

Childs, Dlugos, & De Wit (2010) investigated cardiovascular, hormonal, and emotional
responses using the Trier Social Stress Test (TSST). They first aimed to determine whether
there were any differences between men and women in their response to stress, and, secondly,
whether there were differences between women during the different menstrual cycle phases.
The authors reported that there was an association between people who demonstrated greater
subjective sensitivity to stress and an increase in salivary cortisol levels.

In a recent study, Gordon and Girdler (2014) examined the relationship between
menstrual cycle phases and stress reactivity using the TSST by collecting neuroendocrine
measures (including cortisol) and hemodynamic measures (blood pressure and heart rate).
Significant associations between these factors and menstrual cycle phases were not found.

Other variables can also influence the stress response with respect to the menstrual
cycle. With respect to oral contraceptives (OC), Kudielka et al. (2009) reviewed their possible
influence, and the findings showed lower salivary cortisol levels in women taking OC. In other
studio, Fries et al. (2009) concluded that the use of OC did not affect salivary cortisol levels but
did affect the HPA axis, leading to higher concentrations of estradiol and progesterone and
increased salivary cortisol levels in women in the luteal phase when performing the TSST.
However, these results were not confirmed in a recent study conducted by Boisseau et al.
(2013). These authors studied the effects of oral contraceptives, menstrual cycle phases, and
exercise on a test of physical stress, and free salivary cortisol concentrations and free urinary

cortisol/cortisone excretion. They collected in four samples at 9:00 am and then, 30, 60, and 90
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minutes later. Findings demonstrated the use of oral contraceptives was associated with high
diurnal cortisol levels, but with a low activation of the HPA axis in response to a physical
stressor, regardless of the menstrual phase.

Among the studies that used the TSST to activate the HPA axis, there seems to be some
agreement that when under stress, cortisol increases are greater in the luteal phase relative to
the other phases. However, we do not know whether this increase is only due to the stressful
situation or whether cortisol during the day levels are also elevated in this phase because cortisol
levels have not been measured for both conditions in the same sample. Several studies have
shown that there were no differences in daily cortisol secretion between the different menstrual
cycle phases (Fries et al. 2009; Wolfram et al. 2010).

Although several studies have found an association between menstrual cycle and both
baseline and stress-invoked cortisol levels, to our knowledge, no studies have investigated in
the same sample whether menstrual cycle phases are related to both baseline daily cortisol levels
and stress reactivity invoked by a stressful task, such as the TSST.

Kidd, Carvalho & Steptoe (2014), studied the association between daily cortisol level
(namely total area under the curve; AUCqday), the cortisol awakening response (CAR), and the
slope of the cortisol decline over the day with cortical responses to laboratory stress. Stress was
induced using the Stroop Color-Word and Mirror Tracing tests to women and men between 54-
76 years of age. Five measurements of salivary cortisol were taken: the first recorded
immediately after the stress tests, and then 20, 45, and 75 minutes after the tasks. The results
showed no correlation between cortisol responses to laboratory stress and the CAR.
Nevertheless, there was an association between the AUCqay and the response of cortisol levels
to laboratory stress.

Therefore, the aim of our research was to test whether cortisol during the day levels of

women at different menstrual cycle phases were associated with subsequent reactivity to stress
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in the classic task of public speaking. We evaluated both cortisol during the day patterns
(analyzing salivary cortisol levels every four hours over a full day) and cortisol levels in
response to a stressful laboratory situation (TSST, in the form of virtual reality) in women at
different menstrual cycle phase.

This design intended to clarify the changes in cortisol levels that occur in the menstrual
cycle phases, and their possible relationship with an increased psychological stress response.
The results should also improve our understanding of HPA axis function, both in regard to
baseline cortisol levels and in response to a stressful laboratory situation.

6.2. Method
Participants

Forty-eight women with a mean age of 33.04 years (SD = 6.87) participated in this
study. Group 1 was composed of 27 women in the follicular phase (cycle days 2-8) with a mean
age of 32.89 years (SD = 6.88). Group 2 was composed of 21 women in the luteal phase (cycle
days 18-26) with a mean age of 33.23 years (SD = 7.01).

Participants were recruited from the University of Granada through classroom visits,
campus fliers, and posters in public institutions, newspapers, and local radio. The inclusion
criteria were woman, age 18-50, literate, body mass index (BMI) between 18.5 and 24.9,
regular menstrual cycles ranging from 25 to 35 days, no taking OC, and not presenting a
physical or mental disease at the time of the study. We also collected information about the
consumption of controlled drugs or recreational substances (alcohol, nicotine, amphetamines,
barbiturates, methadone, muscle relaxants, or lithium). This information was obtained through
a semi-structured interview conducted when the women called to participate in the study.

Potential participants attended an information session during which they filled out
eligibility forms and signed informed consent forms. We excluded seven participants that had

not regular cycles or with menopause, eight participants because of their overweight problems
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or obesity, and seven participants due to illness or allergic problems. All participants were
Spanish and had the same socioeconomic level. The menstrual phase of the participants
estimated by gathering information about the date and duration of the last menses during semi-
structured interviews in the experimental session. Finally, participants were assessed for
psychopathological symptoms with the SCL-90-R Symptoms Inventory (Derogatis 1994;
Spanish adaptation by Gonzalez de Rivera & De las Cuevas, 1988) to rule out potential
psychopathology. All participants were included in the study, as none scored one and a half
standard deviations above the mean.

Upon arrival at the laboratory, the participants were given information about the
experiment and asked to sign an informed consent form approved by the Ethics Committee of
the University of Granada. They performed according to the recommendations of the
Declaration of Helsinki and participated in a semi-structured interview which was administered
immediately afterwards.

Instruments

The questionnaires below provide meaningful covariates that were used in the statistical
analyses of psychological measures and cortisol levels.

Semi-structured interview. The subjects provided information on socio-demographic
factors, daily life and sleep habits, medication, and history of psychiatric or psychological
treatment. These items were similar to the questions included in the National Health Survey of
Spanish Population.

Stress Vulnerability Inventory (SVI) (Beech, Burns, & Scheffield, 1986; Spanish
adaptation validated by Robles-Ortega, Peralta-Ramirez, & Navarrete-Navarrete, 2006). This
instrument consists of 22 items and evaluates an individual's predisposition to be affected by
perceived stress. The Spanish adaptation by Robles-Ortega et al. (2006) shows a Cronbach's

alpha of 0.87. As for convergent validity, the results show a significant positive correlation (p

117



Eva Montero Lopez Tesis Doctoral: Estudio 2

< .01) with the following assessment scales: the State Trait Anxiety Inventory-R, the Beck
Depression Inventory, the Somatic Symptom Scale, and the Survey of Recent Life Experiences.

Perceived Stress Scale (PSS) (Cohen, Kamarak, & Mermeistein, 1983; Spanish
adaptation by Remor & Carrobles, 2001). The PSS is a self-report scale used to evaluate
perceived stress levels and the degree to which people find their lives unpredictable,
uncontrollable, or overwhelming (aspects that contribute to stress). The PSS consists of 14
items with five response alternatives. The highest score corresponds to the highest perceived
stress level. The Spanish version of the PSS (14 items) has adequate reliability (internal
consistency = 0.81 and test-retest = 0.73), concurrent validity, and sensitivity (Remor 2006).
Here, we considered scores over 22 (i.e., the mean score for the Spanish population; Remor and
Carrobles 2001) as reflecting high levels of perceived stress.

SCL-90-R Symptoms Inventory (Derogatis 1994; Spanish adaptation by Gonzalez de
Rivera et al. 1988). This instrument was used to rule out potential psychopathology in the
participants. This self-report questionnaire was developed to assess symptoms of
psychopathology and includes 90 items with five response alternatives (0-4) on a Likert scale.
Women respond according to how they have felt within the past seven days, including the day
the inventory is administered. The inventory is scored and interpreted according to nine main
dimensions (somatization, obsessive-compulsive symptoms, interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism) and three
global indices of psychological distress (Global Severity Index [GSI], Positive Symptom Total
[PS], and Positive Symptom Distress Index [PSDI]). In this study, these last three global indices
were analyzed. This instrument is thought to have satisfactory reliability and validity (De las

Cuevas et al. 1991).

Virtual reality version of the Trier Social Stress Test (TSST-VR)
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This task is based on the traditional Trier Social Stress Test (TSST; Kirschbaum, Pirke,
& Hellhammer, 1993) and was adapted into a virtual environment by Montero-Lopez et al.
(2015). It consists of the presentation of a virtual audience in a 3D display, with the sounds of
the virtual environment conveyed to the participants through headphones and a microphone that
is used to simulate the recording of'the participant’s speech (at the end of the study, it is revealed
to the participants that their speech was not recorded). The virtual reality task contains the same
phases as the traditional TSST.

The first phase (anticipatory stress period) consists of the initiation of the virtual
environment wherein participants face a curtain and hear the sounds of the virtual room. For
five minutes, participants must prepare a speech about their own qualities in which they expose
their strengths and flaws and explain why they identify with them.

The second phase (exposure period) begins as the curtain rises and the audience appears.
The participant must begin the speech, having been informed earlier that it should last five
minutes and that they should be careful about both the content and form of the information they
convey, as the audience would react according to the quality of the presentation. Special
emphasis is placed on the requirement to speak continuously for the entire five minutes. Once
the speech ends, the last stage (the arithmetic task) begins. This task consists of serially
subtracting the number 13 from the number 1022 as quickly as possible for five minutes.
Participants must re-start from 1022 whenever they make an error.

Procedure

Upon arrival at the laboratory, each participant was given information about the
experiment and a consent form to be read and signed. Afterwards, the participant was
interviewed and completed the following questionnaires: SVI, PSS, and SCL-90-R.

Subsequently, each participant performed the TSST-VR and the arithmetic task. At the

end of the study, participants were given instructions to measure cortisol during the day levels
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during the following day and were provided with the corresponding salivettes and a data form
on which they could record the time of sample collection.
Assessment of cortisol response to stress (TSST-VR)

Salivary cortisol sample collection was performed using a Salivette® Cortisol Kit
(Sarstedt, Numbrecht, Germany, Ref.51.1534), which consists of two small tubes, one
containing a small piece of cotton. Participants chewed the cotton for approximately 60
seconds, after which it was placed into the salivette for analysis. Samples were analyzed at the
San Cecilio University Hospital using the electrochemiluminescence immunoassay “ECLIA”
method. This method is designed for use in Roche Elecsys 1010/2010 automated analyzers with
the Elecsys MODULAR ANALYTICS E170 module.

The first sample of cortisol (baseline cortisol) was taken after completing the semi-
structured interview, the SVI, and the PSS, or in other words within the first 20 minutes of
arrival at the laboratory. Immediately afterwards, the TSST-VR was explained to the
participant, the second salivary cortisol sample (pre-exposure cortisol) was collected and the
stressful task started (anticipatory stress to a situation of speech delivery and arithmetic task).
Right after the end of arithmetic task, the third cortisol sample (post-exposure cortisol) was
taken. Ten and 20 minutes later, the fourth (post-exposure cortisol +10”) and fifth (post-
exposure cortisol +20’) cortisol samples were withdrawn. Participants were given interior
design magazines to leaf through in the interval between the fourth and fifth drawing of salivary

cortisol. A diagram of the protocol of the TSST-VR is shown in Figure 1.
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Inmitial Stress period Final assessment
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Stress (57) delivery(5’) ((57)
Baseline Cortisol Cortisol |Cortisol (Cortisol
Cortisol
SCL90-R
0 > 1h30

Figure 1: Diagram of the TSST-VR protocol

Assessment of cortisol during the day

To assess cortisol patterns during the day, each participant collected five samples of
their salivary cortisol. The first sample (Cortisol 1) was collected 30 minutes after waking up
(while still fasting), the second (Cortisol 2) at +4 hours, the third (Cortisol 3) at +8 hours, the
fourth (Cortisol 4) at +12 hours, and the fifth (Cortisol 5) at +16 hours. During the half hour
preceding each sample collection, the participants could not have anything to eat or drink except
water and were not allowed to smoke.

Although cortisol levels are reportedly stable between 14:00 and 16:00 hours (Kudielka
& Kirschbaum, 2005), Spanish metabolic and circadian rhythms differ from those of other
European citizens due to the greater number of light hours and the distinctive schedule of meals.
Therefore, following a pilot study, we determined that cortisol levels were stable between 15:30
pm and 18:00 pm, and all participants were subsequently tested in the afternoon within this
temporal window (Santos-Ruiz et al. 2010).
Statistical analyses

To determine whether there were statistically significant differences between
sociodemographic and psychological variables in the two groups, multiple ANOVAs were

performed using menstrual cycle phase as the independent variable with two levels (follicular
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and luteal) and the following dependent variables: age, schooling, tobacco, and scores on the
Stress Vulnerability Inventory (SVI), the Perceived Stress Scale (PSS), and the different SCL -
90-R subscales.

Several statistical analyses were performed to evaluate the influence of the potential
confounders of cortisol levels. Bivariate correlations were calculated between the age of the
participants and their cortisol during the day levels and between the age of the participants and
cortisol levels at different times of exposure to the stressful task. Student's t-tests were also
performed with the independent variables tobacco consumption (smoker/non-smoker) and the
dependent variables cortisol during the day levels and cortisol levels in response to the stressor.

To determine whether there were statistically significant differences between the
menstrual cycle phase of the participants and their daily stress levels, a 2x5 mixed ANCOVA
was performed. The first factor included two levels (follicular phase group and luteal phase
group) between independent groups, and the second was a within-subject factor of repeated
measures with five time-points: 30 minutes after waking (cortisol 1), +4 hours (cortisol 2), +8
hours (cortisol 3), +12 hours (cortisol 4), and +16 hours (cortisol 5).

Finally, to determine whether there were differences between menstrual cycle phases
and cortisol levels under stress (TSST-VR), a 2x4 mixed ANCOVA (with the baseline cortisol
level as covariate) was performed. The first factor contained two levels (follicular phase group
and luteal phase group) between independent groups, and the second within-subject factor
included repeated measures (pre-exposure cortisol, post-exposure cortisol, post-exposure
cortisol +10', and post-exposure cortisol +20°). In both repeated measures analyses, the
Greenhouse-Geisser correction was applied. Data were analyzed using SPSS version 20. The
analyzed data relative to levels of salivary cortisol showed a normal distribution.

For cortisol levels under stress and daily stress levels, we measured the area under the

total response curve with respect to the ground (AUCg), providing information about the
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changes occurred during the observation of the dependent variable (cortisol levels). Second, we
measured the area under the curve with respect to increase (AUCI) which allowed for an
assessment the overall intensity at which the recorded events occurred. Both areas were
calculated wusing the trapezoid formula following (Pruessner, Kirschbaum, Gunther,
Meinlschmid, & Hellhnammer, 2003). Afterwards, we carried out a mixed ANOVA to determine
whether there were any differences between the AUCg and the AUCI in the two groups
(follicular phase and luteal phase). Furthermore, correlation analyses were used to test the
relationship between the AUCi of the TSST-VR and AUCI of daily stress, and between the
AUCqg of the TSST-VR and the AUCg of daily stress.
6.3. Results
Sample description

Results did not show significant statistical differences between the follicular phase and
luteal phase in the principal socio-demographic variables of stress and psychopathological

symptoms. (Table 1).

Table 1: Means (M) and standard deviations (SD) of socio-demographic and psychological

variables for the participants in both groups

Follicular Luteal

Mean £ SD Mean = SD F p
Age (Years) 32.89 +6.88 33.23+7.01 .30 .86
Education (Years) 16.63 + 3.04 16.81 £ 2.75 .45 -
Tobacco 18.8% 30% .83 -
Stress Vulnerability Inventory 6.89 £ 4.61 5.15+4.34 1.71 19
Perceived Stress Scale 22.55+7.90 20.73+£8.40 .56 45

SCL-90-R

Somatization 53.50 + 10.93 49.09 + 8.65 2.26 14
Obsessions and Compulsions 54.80 + 11.55 51.57 +£9.23 1.09 .30
Interpersonal Sensitivity 51.76 +11.89 50.14 + 11.07 .23 .63
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Depression

Anxiety

Hostility

Phobic Anxiety
Paranoia

Psychoticism

Global Severity Index
Positive Symptom Total

Positive Symptom Distress Index

49.15+9.24

52.11+10.30

50.00 +9.54

52.11+10.30

51.88 +11.48

48.96 + 13.23

40.42+7.18

54.73 +13.04

45.58 +9.89

45.76 +9.95

48.38 +9.19

46.38 +9.54

48.38 +9.19

47.33+12.83

46.00 +12.50

42.52 +8.60

50.28 +12.01

43.90 +7.66
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1.46

1.68

37

1.69

1.65

.61

.83

1.45

.40

.23

.20

.54

21

.20

43

.36

.23

.52

Cortisol during the day

There were no statistically significant correlations between age and cortisol during the

day levels. There were also no statistically significant differences in cortisol during the day

levels between smoking and non-smoking women.

Cortisol response to psychological stress

With regard to the levels of cortisol response to the TSST-VR and potential

confounders, i.e., age, and tobacco consumption, the results showed there were no statistically

significant differences for both age and tobacco.

Cortisol during the day levels and menstrual cycle phases

Results showed that there was no interaction between the follicular and luteal groups

with regard to cortisol during the day levels at any time of the day. Nor there were any

statistically significant differences between the two phases of the menstrual cycle and the AUCg

and AUCI.

Cortisol levels under stress (TSST-VR) at menstrual cycle phases
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Considering that results showed differences in the level of baseline cortisol between the
two groups [F(3,48) = 5.56; p = 0.003], this variable was included as a covariate in the post
mixed ANOVA.

A significant interaction effect was found between the two menstrual phase groups and
the salivary cortisol response to the TSST-VR [F(3,48) = 3.24; p = 0.035]. The between-groups
analysis performed using cortisol levels at different time-points relative to the TSST-VR
revealed statistical differences in the post-exposure cortisol levels (p = 0.031). Women in the
luteal phase had higher levels of post-exposure cortisol (Mean + Standard Deviation, 6.28 +

3.63) than the women in the follicular phase (4.40 + 2.19). See Figure 2.

Menstrual eycle and TSST-VR

(=2}

—4—TFollicular Phase

\ Luteal Phase

Pre-exposure Post-exposure Post+10 Post+20
cortisol cortisol cortisol cortisol

&»

Salivary cortisol (nmol/1)
= Ln

Figure 2: Levels of salivary cortisol during the TSST-VR according to phase in the menstrual

cycle

Finally, results showed statistically significant differences in the AUCg between the
luteal phase versus the follicular phase [F(1,48) = 3.80; p = 0.05], with the AUCg being higher
in the luteal phase (211.70 £ 113.86) than in the follicular phase (157.37 £ 79).

6.4. Discussion
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The aim of this research was to test whether there was a relationship between cortisol
during the day patterns and stress-invoked cortisol levels in the different menstrual cycle
phases. To accomplish this objective, after ensuring that the two menstrual phase groups were
matched for most major psychological variables, daily stress was assessed using the cortisol
during the day pattern (measured over a full day; baseline HPA axis activity). Furthermore, the
response to psychosocial stress was captured by measuring cortisol levels during exposure to
the TSST-VR (HPA axis reactivity to stress).

The results revealed no differences between the two groups (follicular and luteal phases)
in cortisol during the day patterns. These findings are consistent with those of Kudielka &
Kirschbaum (2003) and Wolfram et al. (2010) who likewise did not find any differences in
cortisol levels for women in the follicular and luteal phases.

Despite there being no major menstrual phase-related differences in cortisol during the
day levels, we detected differences when the women were exposed to the stressful TSST-VR
task. These results are similar to those found by Walder et al. (2012), where women in the luteal
phase had higher cortisol levels in the stressful task than did women in the follicular phase. This
study differed from ours in several ways: the type of stressful task used in the laboratory and
the schedule (they used a morning schedule and we used an afternoon schedule). Another
difference was the way in which salivary cortisol samples were taken: in the study conducted
by Walder et al. (2012), three samples were taken each hour (9:00 am, 10:00 am, and 11:00
am), while in ours we took five (taking into account the baseline cortisol level). Moreover, they
collected the samples at varied time intervals, following the protocol previously described.
Despite these differences, we arrived at similar conclusions.

With respect to the AUCg and AUCI, we found statistically significant differences for

women in the luteal phase group who had higher cortisol levels at the four time-points (more
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differentiated in the post-exposure cortisol) following exposure to the stressful situation (being
the elevation in AUCQ).

Kidd et al. (2014) found an association between cortisol responses to laboratory stress
and salivary cortisol levels over the course of the day, independent of baseline cortisol levels
in the laboratory. Nevertheless, their study has important differences in relation to ours, making
it difficult to compare results from both studies. These differences were found in the women of
their study, whose average age was 64 years old (meaning they were neither in the luteal nor
the follicular phase). Moreover, there were participants who completed the stress task in the
laboratory during a morning schedule (9:15 am) and others during an afternoon schedule (1:30
pm), while in our study all women completed the stress task at the same time (1:30 pm). Lastly,
in this study the cortisol was collected throughout the day seven days after the stress task was
completed in the laboratory, and always in the same schedule (when waking up, 30 minutes
after waking up, 10:00-10:30 am, 4:00-4:30 pm, and 8:00-8:30 pm). However, in our study, we
collected these levels the day after the stress task was done in the laboratory, and according to
the time in which each participant woke up (30 minutes after waking up, and then, every four
hours until going to bed).

The results of the present study show that in a situation of particular stress, women in
the luteal phase of the menstrual cycle experience a greater increase in salivary cortisol levels,
although this increase was not reflected in higher baseline cortisol levels. Thus, the menstrual
cycle does not appear to influence the amount of perceived daily stress, although some
differences are revealed upon exposure to a stressful situation.

Being in the luteal phase may cause these women to perceive the situation as being even
more stressful. This would involve the increased activation of the hypothalamic-pituitary-
adrenal axis, along with all of the consequences that this activation entails. This could in turn

increase their stress levels and the risk of worsening physical and mental health.
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Our findings may help to clarify how hormone levels affect women’s health and

psychological state, and therefore emphasize the importance of normal hormonal regulation.
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“The effects of corticosteroids on cognitive flexibility and decision-making in women with
lupus”
7.1. Introduction

Patients with systemic lupus erythematosus (SLE) show a diverse symptomatology that
manifests on both organic and neuropsychiatric levels. The prevalence of SLE is slightly below
1:1000 in women and is tenfold lower in men (Aringer and Hiepe, 2011; Petri et al., 2014;
Santos-Ruiz, 2011).

The decision to treat SLE with corticosteroids depends on the symptomatology, activity
and severity of the disease. However, while corticosteroid treatment is indispensible for
controlling the disease in some cases, it does produce adverse effects, some of which can lead
to major organ damage (Elder, Urowitz and Gladman; 2013; Petri et at., 2014; Ruiz-Irastorza,
Danza, and Khamashta; 2012).

The adverse effects of corticosteroid treatment and organ damage in SLE patients have
been broadly studied and reviewed and reveal major implications (Ruiz-Arruza et al., 2014;
Ruiz-Irastorza et al., 2012; Sarnes et al., 2011). A few of the most characteristic side effects are
adrenal damage (hypothalamic-pituitary-adrenal suppression cause thyroid dysfunction and sex
hormones reduction), cardiovascular damage (hypertension or myocardial infarction), bone
fractures, infections, cataracts, mood swings and sleep disorders.

The possible cognitive effects of corticosteroid use have also been studied. The majority
of these studies have found no association between corticosteroid use and cognitive deficits in
SLE patients (Bhangles, Kramer, and Rosenstein, 2013; Gladman et al., 2000; Kozora et al.,
2008; Maneeton, Maneeton, and Louthrenoo, 2010; Monastero et et., 2001; Nishimura et al.,
2015; Sanna, Bertolaccini, and Khamashta, 2008). To the best of our knowledge, only one study
has identified corticosteroid use as a factor associated with cognitive impairment in SLE. This

study followed SLE patients for three years, and made evaluations every four months. These
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evaluations included standard medical history, physical examinations and cognitive testing. The
results show that prednisone use was a factor associated with decreased cognitive function in
SLE patients, as well as the presence of positive antiphospholipid antibodies, diabetes,
increased depression and a lower education level. A few of the processes measured by
Automated Neuropsychological Assessment Metrics (ANAM) were working memory,
attention, non-verbal memory and visuospatial perception (McLaurin et al., 2005).

Possible cognitive impairment in SLE patients has also been studied and associated with
other variables linked to the disease itself or to the patients’ psychological condition. The
majority of these studies did not find any association between cognitive dysfunction and clinical
characteristics such as disease activity, disease duration and neuropsychiatric manifestations.10
An association was found, however, between psychological characteristics, such as stress,
anxiety and depression, and cognitive impairment in SLE patients, namely with total attention
accuracy, immediate visual memory, delayed visual memory and visual fluency, where greater
stress indicated dysfunction in these processes (Peralta-Ramirez et cols., 2006; Peralta-
Ramirez, Jiménez-Alonso, Godoy-Garcia, and Pérez-Garcia, 2004; Peralta-Ramirez, Jiménez-
Alonso, and Pérez-Garcia, 2009; Santos-Ruiz, 2011). Moreover, research findings show that
SLE patients with cognitive impairment had affected verbal and visuospatial memory and
visuoconstructional abilities associated with neuropsychiatric manifestations. This cognitive
impairment was not associated with disease activity, disease duration or corticosteroid use
(Monastero, 2001).

Even though cognitive deficits and neuropsychiatric symptoms in SLE have been
studied broadly, the possible effects of corticosteroid use on other aspects of executive function
in SLE patients, such as flexibility and decision-making, have not. Various studies in other
diseases do show an association, however, between corticosteroid use and impairment in

executive function (inhibition, working memory, shifting and planning) (Best, Miller, and
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Jones, 2009) thus showing that corticosteroid use does have negative effects on working
memory and the hippocampus, which in some cases leads to cerebral atrophy, regardless of
dose and treatment duration or disease activity (Cerquiera et al., 2005; Lupien, Gillin, and
Hauger, 1999). Only one study has compared SLE patients receiving corticosteroid treatment
with others not receiving corticosteroid treatment and healthy women. They found that the
patients receiving corticosteroid treatment have greater cerebral atrophy than healthy women.
Furthermore, SLE patients receiving corticosteroid treatment display more severe cerebral
atrophy than patients without SLE who receive corticosteroid treatment, regardless of dose or
treatment duration (Hochberg, 1997).

In spite of these approximations, the effects of corticosteroid treatment on executive
function in SLE patients have not been studied. Therefore, the aim of our research has been to
study if corticosteroid use has any effects on cognitive flexibility and decision-making in
women with SLE when compared with healthy women. We hypothesise that women with SLE
who receive corticosteroid treatment will display poorer decision-making and cognitive
flexibility than women with SLE who do not receive corticosteroid treatment and healthy
women.

7.2. Method

Patients

One hundred twenty-one women participated in this study. They were divided in three groups.
Group 1 (HW) was composed of 50 healthy women who were recruited via posters and Internet.
Group 2 (SLE-CT) consisted of 38 women with SLE receiving corticosteroid treatment; group
3 (SLE-noCT) included 33 women with SLE not receiving corticosteroid treatment. The
inclusion criteria for the women with SLE were to meet at least four ACR Classification Criteria
for Diagnosis of SLE, to be over 18 years of age, to be literate and to not present any

psychological disorders or antidepressants, hypnotics or narcoleptic drugs. Additionally,
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participants from the SLE-noCT group had to have not received corticosteroid treatment for at
least one year previous to the study. All the participants with SLE were patients from the
Systemic Autoimmune Disease Unit (Internal Medicine Service) at the University Hospital
‘Virgen de las Nieves’ and the Clinical Hospital ‘San Cecilio’ in Granada, Spain. The inclusion
criteria for the healthy women comprising the control group were the same as those for the SLE
groups, except that, additionally, they presented no mental or physical illnesses. This
information was obtained through a brief semi-structured interview conducted when the women
contacted us to participate in the study.

The main socio-demographic, clinical (SLEDAI, SDI and years with SLE) and
treatment variables data were collected and recorded from the women with SLE. All the patients
could at least read and write and none of them presented any associated mental illnesses at the
time of the study. All these patients and the healthy women gave their signed informed consent
to take part in this study, which was approved by the ethics committee at our hospital and carried
out in compliance with the Helsinki Declaration.

Intruments

All instruments used in the study were adapted versions validated in a Spanish
population.

Trail Making Tests A and B (TMTA, TMTB). This is one of five stand-alone tests from
the Delis-Kaplan Executive Function System (D-KEFS) (Delis, Kaplan, and Kramer, 2001).
Trail Making Tests A and B are timed tests of cognitive flexibility and visual motor integration
that assess speed in processing information, attention and cognitive flexibility. The score
obtained after dividing TMTB by TMT A produces the cognitive flexibility index and is the best
execution indicator for the TMT (Arbuthnott andFrank, 2000; Lamberty, Putnam, Chatel,

Bieliauskas, and Adams, 1994; Ricker and Axelrod, 1994; Sanchez-Cubillo et al., 2009).
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lowa Gambling Task (IGT). This computerized task has been used to assess decision-
making in a wide variety of studies (Bechara, 2004). It simulates essential components of
decision-making common to everyday life, and the assessment of rewarding and punishing
events under conditions of uncertainty and risk. In the task, subjects must choose among four
decks of cards. The task is composed of five blocks, each comprising twenty trials. Two decks
provide a high and immediate gain but great future losses (long-term loss), while the other two
decks provide lower immediate gains but a smaller future loss (long-term gain). The purpose
of the task is to try to earn as much money as possible and to incur minimal losses when it is
impossible to win. Initially, participants do not know these deck characteristics, but the program
provides feedback about the consequences of each choice made by the participants (Santos-
Ruiz et al., 2012).

Stress Vulnerability Inventory (SVI). The SVI consists of 22 items and evaluates the
individual’s predisposition to be affected by perceived stress (Beech, Burns, and Scheefield,
1986). The Spanish adaptation shows a Cronbach’s alpha of 0.87 (Robles-Ortega, Peralta-
Ramirez, and Navarrete-Navarrete, 2006). As for convergent validity, the results show a
significant positive correlation (p<0.01) with the following assessment scales: STAI-R, Beck
Depression Inventory, Somatic Symptom Scale and Survey of Recent Life Experiences
(SRLE).

Perceived Stress Scale (PSS). The PSS is a self-report scale used to evaluate perceived
stress levels and the degree to which people find their lives unpredictable, uncontrollable or
overwhelming (aspects that contribute to stress) (Cohen, Kamarak, and Mermeistein, 1983;
Remor and Carrobles, 2001). It consists of 14 items with five response alternatives. The highest
score corresponds to the highest perceived stress level. The Spanish version of the PSS (14

items) has adequate reliability (internal consistency=0.81 and test-retest=0.73), concurrent
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validity and sensitivity. Here, we have considered those scores over 22 (i.e. the mean score for
the Spanish population) as reflecting high levels of perceived stress.®*

SCL-90-R Symptoms Inventory (Derogatis, 1994; Gonzélez de Rivera and De las
Cuevas, 1988). We used this instrument to rule out potential psychopathology in the
participants. This self-report questionnaire was developed to assess symptoms of
psychopathology and it includes 90 items with five response alternatives (0-4) on a Likert scale.
Subjects respond according to how they have felt within the past seven days, including the day
the inventory is administered. The inventory is scored and interpreted according to nine main
dimensions (somatisation, obsessive-compulsive symptoms, interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism) and three
global indices of psychological distress (Global Severity Index (GSI), Positive Symptom Total
(PS), and Positive Symptom Distress Index (PSDI)). In this study, we have analysed these last
three global indices. This instrument is thought to have satisfactory reliability and validity
(Gonzélez de Rivera and De las Cuevas, 1988).

The SLE Disease Activity Index (SLEDAI). The SLEDAI was used to assess lupus
activity (Bombardier, Gladman, Urowitz, Caron, and Chang, 1992). It consists of 24 descriptors
with pre-assigned severity weights. The total SLEDAI score can range from 0 (no activity) to
105 (maximum activity). The SLEDAI has been shown to be sensitive to changes in lupus
activity measured by the treating physician.

Systemic  Lupus International Collaborating Clinics/American College of
Rheumatology (SLICC/ACR) Damage Index (SDI). The SDI is a physician-rated index that
assesses cumulative organ damage due either to the disease or to complications of therapy
(Gladman et al., 1997). It includes 12 categories: ocular, neuropsychiatric, renal, pulmonary,
cardiovascular, peripheral vascular, gastrointestinal, muscular-skeletal, skin, premature gonad

failure, diabetes and cancer. Total scores range from 0 (no damage) to 48 (maximum damage).
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Procedure

All the participants were scheduled individually at the Mind, Brain and Behaviour
Research Centre at the University of Granada, Spain. Upon arrival to the laboratory they gave
their signed informed consent. Their socio-demographic variables were then collected before
carrying out the executive function tasks: the TMT (cognitive flexibility) and the IGT (decision-
making). Subsequently, the psychological and stress tests were administered (SVI, SSP and
SCL-90-R). Each session lasted approximately one and a half hours.

Statistical analyses

Results are presented as mean and standard deviation. To begin, ANOVAs were used
for examining socio-demographic differences (age and education level) among the three groups
(healthy women, SLE patients receiving corticosteroid treatment and SLE patients not receiving
corticosteroid treatment). Also, Student’s t-tests were used for comparing the clinical
characteristics of SLEDAI, SDI and disease duration between both SLE groups. In addition,
various ANOVAs were carried out for analysing differences in psychological variables (SVI,
PSS and SCL-90-R) among all three groups. The independent variables were the three groups,
i.e. healthy women, SLE patients receiving corticosteroid treatment and SLE patients not
receiving corticosteroid treatment; the dependent variables were the scores on the SVI, PSS,
and the SCL-90 subscales.

Finally, one-way ANOV As were administered with the TMT (for cognitive flexibility)
and the IGT (for decision-making) in order to check for any statistically significant differences
in executive function between the three groups. Education level and SLEDAI were used as a
covariate, as the groups were not evenly weighted in these variables, which can be closely tied
to executive function. Differences were considered significant when p = 0.05. Additionally,
correlation analyses were used to test the relationship between the psychological stress

variables and executive function variables in each group, and correlation analyses were used to
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test the relationship between the SLEDAI and the cognitive performance variables.
Furthermore, were calculated Cohen’s coefficients for check the size effect in IGT and TMT
between the groups.

7.3. Results

Participants’ socio-demographic and clinical characteristics

Socio-demographic and clinical data for the participants can be found in Table 1. The results

showed statistically significant differences in education level and SLEDAI.

Table 1: Demographic and clinical characteristics in healthy women, SLE-noCT and SLE-CT

Variable HW (n=50) SLE-noCT SLE-CT p* Post hoc

Mean (SD) (n=38) (n=33)

Mean (SD) Mean (SD)
Age 36.30(10.76) 38.63 (9.28) 34.33 (11.39) 0.225 -
Education, years 14.92 (3.14) 15 (3.32) 11.67 (3.55)  0.001** SLE-CT<SLE-
noCT=HW
SLEDAI - 1.03 (1.28) 2.59 (3.17) 0.013* SLE-CT>SLE-noCT
SDI - 0.22 (0.66) 0.38 (0.73) 0.370 -
Disease duration, - 9.92 (8.63) 8.12 (5.92) 0.362 -
years
Prednisone dosage - - 6.35 (2.74) - -
mg/day
Prednisone - <lyear (31.8 %) <lyear: (4.2 - -
duration treatment, >1year (50 %) %)
years (%) Never: (18 %) >lyear: (95.8
Immunomodulators - - %) - -
(%)
33.3%

Data are expressed as mean (S.D.). **p <0.01. *p <0.05

Psychological characteristics
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Table 2 shows psychological characteristics for the three groups. The results showed

statistically significant differences in SVI (p < 0.001) among the three groups. The SLE-CT

group is the most vulnerable to stress (11.33 + 4.87), followed by SLE-noCT (8.74 £ 5.11) and

finally by the healthy women (5.96 + 3.77).

There were significant differences in the SCL-90 R results for the healthy women when

compared with the SLE groups. Both SLE groups scored higher than the healthy women in the

following sub-scales: somatisation (p = 0.005), obsessions and compulsions (p = 0.045),

depression (p = 0.004), hostility (p = 0.013). In phobic anxiety (p = 0.005), psychoticism (p =

0.016) and positive symptom total (p = 0.001) the SLE-CT group scored higher than SLE-noCT

and healthy women.

Table 2: Psychological characteristics, in healthy women, and SLE-noCT and SLE-CT

Variable HW SLE-noCT SLE-CT p Post hoc
(n=50) (n=38) (n=33)

Perceived 22.68 (8.20) 26.32(8.33) 26.56 (8.20)  0.052

Stress-Scale

Stress

Vulnerability 5.96 (3.77) 8.74 (5.11) 11.33(4.87) 0.001** SLE-

Inventory CT>SLE-
noCT>HW

Symptom Checklist SCL-90-R

Somatization 52.80 (9.31) 58.24 (8.01) 59 (10.11)  0.005* SLE-
CT=SLE-
noCT>HW

Obsessions 55.40 (11.34) 59.65 (7.33) 60.62 (9.84)  0.045* SLE-

and CT=SLE-

compulsions noCT>HW

54.12 (11.44) 53.65 (10.95) 57.92 (10.24)  0.266

138



Eva Montero L6pez

Interpersonal
sensitivity

Depression

Anxiety

Hostility

Phobic
Anxiety

Paranoia

Psychoticism

Global
Severity
Index

Positive
Symptom
Distress
Index

Positive
Symptom
Total

49.30(10.30)

52.24 (9.72)

48.72 (9.81)

43.20 (11.62)

53.72 (12.91)

48.72 (13.19)

42.40 (8.13)

55.36 (12.23)

45.58 (9.20)

54.97 (9.12)

55.46 (8.27)

54.41 (9.08)

45.43 (12.86)

52.86 (11.97)

53.73 (11.07)

43.57 (3.54)

60.70 (9.18)

48.92 (7.73)

56.69 (11.08)

57.38 (10.10)

54.62 (11.92)

53.12 (12.82)

50.92 (10.30)

56.96 (11.66)

45.12 (5.65)

59.85 (10.31)

53.62 (10.07)

Tesis Doctoral: Estudio 3

0.004*

0.060

0.013*

0.005*

0.603

0.016*

0.214

0.055

0.001**

SLE-
CT=SLE-
noCT>HW

SLE-
CT=SLE-
noCT>HW

SLE-
CT>SLE-
noCT=HW

SLE-
CT>SLE-
noCT=HW

SLE-
CT>SLE-
noCT=HW

Data are expressed as mean (S.D.) **. p <0.01. *. p <0.05
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The results showed statistically significant results on the IGT (decision-making)

between both SLE groups and healthy women (p = 0.006). Healthy women (4.08 + 20.38)

scored higher on the decision-making task than SLE-CT (-7.13 £ 18.62) and SLE-noCT (-9.00

+ 23.35) (Figure 1). As the negative value indicates, SLE patients show poorer decision-making

regardless of corticosteroid use.

Decision-making: IGT

10 -

C l

S

2 0

X HW
-10 -

SL

CT

= TOTAL_IGT

Figure 1: Making decision total in healthy women, and SLE-noCT and SLE-CT

Figure 2 shows the decision-making scores from each of the five trials for the three

groups.
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Decision-making: IGT
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SLE-noCT -2,53 -0,64 -3,11 -1,84 -0,95
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Figure 2: Decision-making in healthy women, SLE-noCT and SLE-CT

Cohen’s coefficient showed high effect on the IGT between healthy women and SLE-
CT (d = 0.67) and median effect between SLE groups (d=0.50). Between healthy women
and SLE-noCT groups, it had no effect (d=0.19).

Regarding cognitive flexibility, the results showed statistically significant differences
on the TMT B/A (cognitive flexibility) among the three groups (p = 0.030). SLE-CT (2.57
0.90) showed poorer scores than SLE-noCT (2.18 + 0.65) and healthy women (2.06 £ 0.60)

(Figure 3).

Flexibility: DIVISION_TMT

u TMTB/A

Minutes

HW SLE-noCT  SLE-CT

Figure 3: Cognitive flexibility in healthy women, and LES SIN and SLE-CT
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Cohen’s coefficient showed median effect on the TMT B/A between healthy women
and SLE-CT (d = 0.57) and between healthy women and SLE-noCT (d=0.60). Between SLE
groups it had no effect (d=0.09).

Finally, no significant correlations were found among psychological stress,
psychopathology, SLEAI and SDI or the executive function variables.

7.4. Discussion
The aim of this research was to investigate if corticosteroid use is associated with impairment
in two processes of executive function, i.e. cognitive flexibility and decision-making.

To this end, women with SLE receiving corticosteroid treatment, women with SLE not
receiving corticosteroid treatment and healthy women were evaluated by testing cognitive
flexibility and decision-making by using the Trail Making Test and the lowa Gambling Task,
respectively, while controlling for other variables such as the socio-demographic, clinical and
psychological characteristics as well as disease-specific variables.

The results showed that women with SLE make poorer decisions than healthy women,
regardless of corticosteroid use. This conduct, therefore, cannot be attributed to the medication.
Notwithstanding, when comparing women with SLE receiving corticosteroid treatment with
others who are not and with healthy women, a statistically significant difference does exist,
namely that the first group scores the lowest. These results are in line with another study in
which SLE patients scored higher than the control group on the TMTA and TMTB, thus
displaying worse task execution (Niahimura et al., 2015). This also supports various studies
reporting that corticosteroid use decreases both declarative and working memory. Furthermore,
there are cases of atrophy in the hippocampus (Appenzeller, Carnevalle, Li, Costallat, and
Cendes, 2006; Brown, 2009) . All these effects are reversible by lowering the dose or stopping
corticosteroid treatment altogether (Brown, Vera, Frol, Woolston, and Johnson, 1997; Keenan,

Jacobson, Soleymani, Mayes, and Yaldoo, 1996).
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The results show lower decision-making scores for both SLE groups. Consequently, we
can infer that it is the disease itself and its effects on the nervous system that may be affecting
a poor task execution. On the other hand, factors such as disease activity could also be affecting
these results. This parameter, however, did not correlate with decision-making or cognitive
flexibility in our study. Therefore, decision-making cannot be attributed to disease activity. In
this regard, our data coincide with those of other studies reporting that SLEDAI is not a
predictive factor of cognitive deficit in SLE (Carbotte, Denburg, and Denburg, 1995; Kozora,
Thompson, West, and Kotzin, 1996). It is related indirectly, however, as SLEDAI is a marker
of lupus activity, which in some instances requires corticosteroids, a treatment component used
for decreasing disease activity. Therefore, controversy remains regarding an association
between cognitive impairment and markers of disease activity (Kozora et al., 2008; Nishimura
et al., 2015) as some studies find an association (Nishimura et al., 2015; Conti et al., 2012)
while others, such as ours, do not (Carbotte et al., 1995; Kozora et al., 2008).

Regarding psychological conditions, there were differences in the majority of the stress
and psychopathic symptoms variables between the women with SLE and the healthy women.
These results can be expected however, because individuals suffering from a chronic disease
experience pain, disability, major side effects from treatment and unpredictable aggravation of
the disease, all of which can be extremely stressful and produce anxiety and depression. These
results are consistent with other studies that report stress, anxiety and depression as possible
factors that deteriorate symptomatology and quality of life in SLE patients (Coin-Mejias et al.,
2007; Peralta-Ramirez and Pérez-Garcia, 2007; Peralta-Ramirez et al., 2004; 2009).

When considering the present study and its findings, there are a few limitations that need
to be taken into account. This is the first study to analyse the effects of corticosteroids on
executive function in women with SLE. In future studies more executive function parameters

should be included with a similar sample, such as behaviour production, working memory,
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planning and inhibition, in order to assess if there are differences in the remaining executive
function processes between women with SLE who receive corticosteroid treatment and others
who do not receive corticosteroid treatment. On the other hand, it included high number
variables to evaluate psychological characteristics and executive function of the participants;
therefore we conducted Cohen’s delta analyses to confirm the directionality of the findings.
Additionally, our groups did not share the same education levels, however, as this could be
important, we did make sure to control for this factor. This variable was included as a co-
variable in the TMT and IGT analyses among groups, as we are aware that some studies identify
a lower education level as a factor associated with cognitive degeneration in SLE patients
(Monastero et al., 2001). At any rate, it is important to highlight the inherent difficulty in
achieving equality in clinical populations.

In conclusion, the results from our study show that women with SLE display broader
psychopathological symptoms, greater vulnerability to stress and poorer decision-making when
compared with healthy women. Furthermore, as cognitive flexibility is lower in women with
SLE who receive corticosteroid treatment than in healthy women and in women with SLE who
do not receive corticosteroid treatment, the adverse effects of corticosteroid treatment on the
cognitive flexibility of the first group should be considered. Whereas most studies have limited
their research to the physical effects of corticosteroid treatment, the findings from our study are
useful for studying the neuropsychological effects of corticosteroid treatment, as they provide
more information regarding side effects, such as poorer decision-making and cognitive
flexibility it is recommendable to initiate the use of prednisone only in cases of exacerbation of
the disease (flares) and with to the lowest possible dose. In addition, patients should be treated
with antimalarials and in the cases where is predictable prolonged treatment with corticoids,
starting treatment with corticoids sparing drugs. Therefore, we recommend treatment aimed at

avoiding corticoids, if it is possible.
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Poor decision-making and diminished cognitive flexibility entail a series of clinical
implications for patients that concern doctors, as well as patients and their families, such as
inadequate adherence to treatment plans or difficulties making the necessary changes to
effectively deal with the disease. These findings are important for the specialised medical
professionals caring for these patients, because a better understanding of these cognitive deficits
can make a substantial advance towards understanding and even solving some of the different
problems encountered on a daily basis. Given our results, we recommend a neuropsychological
evaluation before steroids treatment to control effects cognitive level as it is done a registration

of blood sugar, blood pressure or control osteoporosis.
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CAPITULO VlIIl: “ESTUDIO 4”
Analyses of hair and salivary cortisol for evaluating hypothalamic-pituitary-adrenal axis
activation in patients with autoimmune disease

Montero-Lo6pez, E., Santos-Ruiz, A., Gonzalez, R., Navarrete-Navarrete, N., Ortego-Centeno,
N., Martinez-Augustin, O., Rodriguez-Blazquez, M., y Peralta-Ramirez, M.1. (Under review)
Analyses of hair and salivary cortisol for evaluating hypothalamic-pituitary-adrenal axis

activation in patients with autoimmune disease. Psychosomatic Medicine
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“Analyses of hair and salivary cortisol for evaluating hypothalamic-pituitary-adrenal
axis activation in patients with autoimmune disease”

8.1. Introduction

The main systemic autoimmune diseases are characterized largely by affecting multiple
organs and systems in a single patient, by their unknown etiology, and by periods of disease
aggravation alternating with periods of disease inactivity (Jiménez-Alonso et al., 2011).

One of the changes seen in these patients is HPA axis dysregulation (Tzioufas et al.,
2008). The HPA axis plays an important role in modulating autoimmune activity by secreting
glucocorticoids (Charmandari et al., 2005; Heesen et al., 2007), hormones secreted in response
to stress (McEwen, 2000). Psychological stress is also considered one of the main causes for
the onset and aggravation of symptoms of various autoimmune diseases (McCray and Agarwal,
2001; Johnson et al., 2006; Peralta-Ramirez, et al., 2004; Stojanovich and Marisavljevich,
2008).

Cortisol, the main hormone produced in response to stress, has been widely used as an
HPA axis activity biomarker, and elevated levels of cortisol have been related to important
physical and psychological consequences. Traditionally, saliva, blood, and urine analyses are
conducted to establish the amount of cortisol segregated at a precise time within the past 24
hours. However, a new procedure has recently been developed that uses the patient’s hair for
establishing cortisol levels and is thus able to provide information regarding stress levels for up
to days or months (Meyer and Novak, 2012) and is considered an objective and retrospective
measure of chronic stress (Gow et al., 2010). Furthermore, this technique controls for the
variability that evaluating cortisol from a specific point in time supposes, as the results from
isolated measures can be easily influenced by individual and environmental characteristics,
study procedures (Wolfram et al., 2013), the time of day (Adam et al., 2006), and food

consumption (Gibson et al., 1999).
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Different studies have investigated HPA axis dysregulation in patients with autoimmune
diseases, such as that by Jung et al. (2015), which was the first to evaluate the relation of salivary
cortisol levels with depression, stress, and disease activity in patients with SLE compared to
healthy controls. The results showed similar levels in perceived stress and salivary cortisol in
both groups, but higher levels of alpha-amylase, which represents autonomous nervous system
(ANS) function in patients with SLE. These results showed ANS and HPA axis dysregulation
in patients with SLE.

Similar results were found in a study by Harle et al. (2006), which measured sympathetic
nervous system (SNS) activity through serum neuropeptide Y, and HPA axis activity through
serum cortisol and plasma adrenocorticotropic hormone (ACTH), in patients with SLE, patients
with rheumatoid arthritis (RA), and healthy controls. The results showed that patients with SLE
and patients with RA had greater SNS activation and lesser HPA axis activation than the healthy
controls, and therefore concluded that SNS and HPA axis dysregulation is present in patients
with autoimmune disease.

On the other hand, various studies have analyzed HPA axis function in patients with SS
by measuring salivary cortisol levels. Van der Goes et al. (2011) compared salivary cortisol
levels during the day and the erythrocyte sedimentation rate (ESR) in patients with SLE,
patients with SS, and healthy persons. The results showed that SLE and SS patients with high
ESR had lower Cortisol Awakening Response (CAR) than patients with low ESR. However,
the authors concluded that HPA axis dysfunction in the patients with SLE and SS was not clear,
because there were no differences in cortisol levels when compared to healthy persons. In a
later study, Miller et al. (2012) evaluated salivary cortisol between 10 and 12 am in patients
with SS and healthy persons and found no differences between the two groups.

As we can see, no consensus has been reached regarding HPA axis response in patients

with autoimmune disease, because it has not been studied in many specific diseases, and
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because the findings from those studies show different directionality regarding activation.
Furthermore, the methods used for analyzing salivary cortisol, urine, and plasma show values
for isolated measures regarding HPA axis activation, not retrospective measures. From our
point of view, researching HPA axis modulation is essential for gaining a better understanding
of the relation between psychological stress and autoimmune-disease aggravation.
Consequently, the objective of our investigation has been to study HPA axis activation between
women with autoimmune disease compared to healthy women on two levels: by analyzing
salivary cortisol during the day as a transverse measure and hair cortisol as a retrospective
measure of chronic stress. For the latter, we analyze hair cortisol concentrations from the three
preceding months, and psychological stress levels through self-report measures.

8.2. Method

Participants

Sixty-six women participated in this study. Thirty were healthy and had a mean age of
44.70 years (SD = 11.65). Thirty-six had an autoimmune disease and a mean age of 47.41 years
(SD =9.37). Within this second group, 11 women had SLE, 12 SS, 9 uveitis and 4 SSc.

The healthy women were recruited through posters in public institutions, newspapers,
and local radio. The inclusion criteria were age 18-65, literate, and not presenting a physical or
mental disease at the time of the study. This information was obtained through a semi-structured
interview conducted when the women called to participate in the study.

The women with autoimmune disease were recruited through posters and leaflets in
consultation rooms by medical staff from the Systemic Autoimmune Disease Units (Internal
Medicine Service) at the Virgen de las Nieves University Hospital and the San Cecilio Clinical
Hospital, both located in Granada, Spain. The inclusion criteria were age 18-65, literate,

diagnosed according to medical diagnostic criteria with systemic lupus erythematosus,
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Sjogren’s syndrome, systemic sclerosis, or uveitis, no corticosteroid treatment for a minimum
of one year previous to the study, and not presenting psychiatric disorders.
Procedure

A brief interview was conducted by telephone with each woman interested in
participating in the study to ensure they met the inclusion criteria for either the healthy group
or the autoimmune disease group. Once accepted, the participants were provided information
regarding the study. They then read and signed the informed consent form, which had been
approved by both hospitals’ ethics committees and was in accordance with the
recommendations of the Helsinki Declaration. Subsequently, the women were interviewed, and
then they completed the perceived stress and psychopathological symptomatology
questionnaires.

Afterwards, the procedure for collecting salivary cortisol samples during the day was
explained to the participants. They were then given a kit containing 5 Salivette® tubes, a
detailed instruction-sheet explaining sample collection, and a record sheet for indicating the
time the sample was collected. Finally, a lock of head hair was cut, which upon analysis would
provide cortisol levels from the previous 3 months. Two days later the participants were to
deliver the salivary cortisol samples to the laboratory.

Instruments

The questionnaires below provide meaningful covariates that were used in the statistical
analyses of psychological measures and cortisol levels.

Semi-structured interview: The subjects provided information on socio-demographic
factors, daily life and sleep habits, medication, and history of psychiatric or psychological
treatment.

Perceived Stress Scale (PSS) (Cohen, Kamarak, and Mermeistein, 1983; Spanish

adaptation by Remor and Carrobles, 2001): The PSS is a self-report scale used to evaluate
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perceived stress levels and the degree to which people find their lives unpredictable,
uncontrollable, or overwhelming (aspects that contribute to stress). The PSS consists of 14
items with five response alternatives. The highest score corresponds to the highest perceived
stress level. The Spanish version of the PSS (14 items) has adequate reliability (internal
consistency=0.81 and test-retest=0.73), concurrent validity, and sensitivity (Remor, 2006).
Here, we considered scores over 22 (i.e., the mean score for the Spanish population; Remor and
Carrobles, 2001) as reflecting high levels of perceived stress.

SCL-90-R Symptoms Inventory (Derogatis, 1994; Spanish adaptation by Gonzalez de
Rivera et al., 1988): This self-report questionnaire was developed to assess symptoms of
psychopathology and includes 90 items with five response alternatives (0-4) on a Likert scale.
Subjects respond according to how they have felt within the past seven days, including the day
the inventory is administered. The inventory is scored and interpreted according to nine main
dimensions (somatization, obsessive-compulsive symptoms, interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism) and three
global indices of psychological distress (Global Severity Index [GSI], Positive Symptom Total
[PS], and Positive Symptom Distress Index [PSDI]). In this study, these last three global indices
were analyzed. This instrument demonstrates satisfactory levels of reliability and validity (De
las Cuevas et al., 1991).

Stress measures
Measurement of cortisol during the day

Salivary cortisol sample-collection was performed using a Salivette® Cortisol kit
(Sarstedt, Numbrecht, Germany, Ref.51.1534), which consists of two small tubes, one which
contains a small piece of cotton. Participants chewed the cotton for approximately 60 seconds,
after which it was placed back into the same tube for analysis. Samples were analyzed at the

San Cecilio Clinical Hospital using the electrochemiluminescence immunoassay “ECLIA”
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method. This method was designed for use in Roche Elecsys 1010/2010 automated analyzers
with the Elecsys MODULAR ANALYTICS E170 module.

To assess cortisol patterns during the day, each participant collected five samples of
their salivary cortisol. The first sample (Cortisol 1) was collected 30 minutes after waking up
(while still fasting), the second (Cortisol 2) at +4 hours, the third (Cortisol 3) at +8 hours, the
fourth (Cortisol 4) at +12 hours, and the fifth (Cortisol 5) at +16 hours. During the half hour
preceding each sample collection, the participants could not have anything to eat or drink except
water and were not allowed to smoke.

Measurement of hair cortisol

Hair samples consisting of approximately 150 strands of hair were collected from the
posterior vertex. The hair was cut with scissors as close to the scalp as possible. The hair was
then wrapped in a piece of aluminum foil to protect it from light and humidity and stored in an
envelope at room temperature. Later, the samples were sent for analysis to the Faculty of
Pharmacy at the University of Granada.

In our study, hair segments proximal to the scalp with a length no greater than 3 cm
were collected (assuming an average growth rate of 1 cm/month, a 3 cm segment contains
cortisol that has been deposited over approximately the last 3 months). The sample was weighed
and ground to a fine powder to break up the hair’s protein matrix and increase the surface area
for extraction using a ball mill (Bullet Blender Storm, Swedesboro NJ, USA). Cortisol from the
interior of the hair shaft was extracted into HPLC-grade methanol by incubation of the sample
for 72 hours at room temperature in the dark with constant inversion using a rotator. After
incubation, the supernatant was evaporated until completely dry using a vacuum evaporator
(Centrivac, Heraeus, Hanau, Germany) and the extract was reconstituted in 150 uL of phosphate
buffered saline (PBS) at pH 8.0. The reconstituted sample was immediately frozen at -20°C for

later analysis (Sauvé, 2007; Chen et al., 2013; Meyer et al., 2014).
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The hair cortisol sample was measured using the Salivary ELISA Cortisol kit© (Alpco
Diagnostics®, Windham, NH) as per the manufacturer’s directions with the reagent provided.
Statistical analyses

Student’s t-tests were conducted to control for differences between both groups (the
autoimmune disease group and the healthy group) regarding socio-demographic variables (age
and education level) and psychological variables (SLC-90-R and PSS).

A mixed 2 x 5 ANOVA was then conducted to check for statistically significant
differences between both groups regarding cortisol levels during the day. The first factor
includes two levels (healthy group and autoimmune disease group) between the independent
groups. The second was a repeated-measures within-subject factor at five time points: (Cortisol
1) collected 30 minutes after waking up (while still fasting), (Cortisol 2) at +4 hours, (Cortisol
3) at +8 hours, (Cortisol 4) at +12 hours, and (Cortisol 5) at +16 hours. The Greenhouse-Geisser
Correction was applied in the repeated-measures analyses.

Further, the area under the total response curve with respect to ground (AUCg) was
measured in all participants, which provided information regarding the changes that resulted
during observation of the dependent variable (cortisol levels during the day). The AUCg was
calculated using the trapezoid formula from Pruessner et al. (2003). A Student’s t-test was
carried out to check for differences between both groups concerning AUCg.

Finally, a Student’s t-test was conducted to check for differences in hair cortisol levels

between both groups. All data were analyzed with SPSS version 20.

8.3. Results

Sample description
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Table 1 presents the participants’ socio-demographic and psychological variables.

Socio-demographic, perceived stress, and psychopathological symptomatology variables are

comparable for both groups, except in the SCL-90-R somatization subscale, in which the

autoimmune disease group shows higher scores than the healthy group.

Table 1: Means and standard deviations (SD) of socio-demographic and psychological variables
for the participants in both groups.

Healthy Group  Autoimmune Group

(n=30) (n =36)
Measures

Mean (SD) Mean (SD) t p
Age (years) 44.70 (11.65) 47.41 (9.37) 0.23 .64
Education (years) 15.33 (3.57) 15.26 (3.10) 0.01 .93
Perceived Stress Scale 25.47 (5.93) 27.11 (9.91) 0.59 44
Symptom Checklist SCL-90-R
Somatization 51.73 (27.48) 75.48 (23.41) 11.63 .001*
Obsessions and compulsions  78.43 (21.97) 77.72 (26.72) 0.01 91
Interpersonal sensitivity 71.33 (28.21) 68.04 (35.78) 0.15 70
Depression 66.77 (28.46) 65.28 (34.30) 0.03 .86
Anxiety 71.07 (20.75) 66.64 (31.51) 2.16 15
Hostility 65.97 (22.85) 62.92 (33.16) 0.16 .69
Phobic Anxiety 48.37 (38.77) 54.32 (38.93) 0.32 57
Paranoia 65.27 (32.75) 55.40 (38.28) 1.06 31
Psychoticism 69.43 (32.74) 62.32 (36.74) 0.58 45

Note: t: t-student value; *p < 0.05.

Cortisol during the day
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The statistical analyses show that there was no significant time x group interaction
effect. Regarding the levels of cortisol during the day, the analyses between groups showed
significant differences in Cortisol 2 (F150) = .339; p = .010); namely, higher levels in the
autoimmune disease group (M = 8.04 nmol/L; SD = 2.88) than in the healthy group (M =5.78
nmol/L; SD = 3.13). Significant differences between groups were also found in Cortisol 5 (F(1,50)
=1.081; p =.035): higher levels of cortisol in the autoimmune disease group (M =5.70 nmol/L;

SD = 2.60) than in the healthy group (M = 3.69 nmol/L; SD = 3.74). See Figure 1.

Cortisol during the day
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Figure 1: Cortisol during the day in the healthy group and in the autoimmune disease group.
Note: Cortl: Cortisol 1; Cort2: Cortisol 2; Cort3: Cortisol 3; Cort4: Cortisol 4; Cort5: Cortisol
5.

Regarding the AUCg cortisol levels, statistically significant differences were found (F
@50) = .001; p = .016): the autoimmune disease group showed higher levels than the healthy

group. See Figure 2.
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Figure 2: Cortisol 1, Cortisol 2, Cortisol 3, Cortisol 4 and Cortisol 5 values calculated as area
under the curve with respect to ground for the healthy group and for the autoimmune disease
group. Note: AUCq: Area under the curve with respect to ground.

Hair cortisol
The results showed statistically significant differences between both groups regarding
hair cortisol concentrations (F (1,65) = 11.296; p = .001); namely, the autoimmune disease group

(M = 205.46 pg/mg; SD = 154.83) showed higher concentrations than the healthy group (M =

95.18 pg/mg; SD = 99.74). See Figure 3.
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Figure 3: Hair cortisol levels from the previous three months for the healthy group and the

autoimmune disease group.

8.4. Discussion

The objective of our research was to study HPA axis activation among women with
autoimmune disease compared to healthy women on two levels: by analyzing the salivary
cortisol levels during one day as a transverse measure and hair cortisol as a retrospective
measure of chronic stress. For the latter, we analyzed hair cortisol measures containing
concentrations from the three preceding months, and psychological stress levels through self-
report measures.

All socio-demographic and psychological variables were comparable for both groups,
except in the somatization subscale, in which the autoimmune disease group showed higher
scores, which is foreseeable when comparing healthy persons to others with disease. The results
regarding HPA axis activation, however, showed significant differences in cortisol levels
during the day and in AUCg; specifically, higher levels in the autoimmune disease group than

in the healthy group. These results indicate HPA axis hyper-activation in patients with
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autoimmune disease that could be caused by the dysregulated immune system present in these
diseases.

Similarly, Jung et al. (2015) found that patients with SLE had higher levels of alpha-
amylase than healthy controls. Notwithstanding, no differences in salivary cortisol levels were
found between patients with SLE and healthy controls; however, unlike our study, the patients
with SLE who participated in that study were undergoing corticosteroid treatment, and that
could affect the results and how HPA axis activation was interpreted in those SLE patients. The
differences in results between both studies could be explained by the fact that our study included
patients with other autoimmune diseases in addition to patients with SLE, and none of our
patients had received corticosteroid treatment for a minimum of one year preceding the study,
so as to guarantee elimination of corticosteroids in the patients’ systems and the hypertrophy of
the adrenal glands that results from corticosteroid use (Ruiz-Arruza et al., 2014).

On the other hand, our results differ from those of Tzioufas et al. (2008) and Johnson et
al. (2006), whose studies showed basal ACTH and cortisol levels significantly lower in patients
with SS than in healthy controls. These results are probably caused by only using isolated
measures of cortisol for evaluating the HPA axis, measures influenced by each individual’s
circadian rhythms (Johnson et al., 2006).

The evaluation of salivary cortisol was also used in a study by van der Goes et al. (2011)
concerning patients with primary SS and patients with SLE. This study found that the ESR
modulated HPA axis activation in those patients, thus patients with elevated ESR had lower
CAR than patients with low ESR. In our study we did not evaluate the ESR, however, this
variable could explain the differences in cortisol levels during the day between the autoimmune
disease group and the healthy group.

Regarding hair cortisol levels accumulated during the preceding three months, the

results showed the same as those for salivary cortisol levels; namely, that cortisol levels were
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higher in women with autoimmune disease than in healthy women. As the psychological stress
and psychopathological symptomatology variables were comparable in both groups, the results
point toward elevated HPA axis activity in women with autoimmune disease. In this regard,
ours is the first study to include salivary and hair cortisol measures for evaluating and
comparing HPA axis activation in women with autoimmune disease who are not undergoing
corticosteroid treatment, with healthy women.

Our results concerning salivary cortisol and hair cortisol indicate that the autoimmune
disease group presents HPA axis hyper-activity; the HPA axis behaves similarly both long and
short-term and its activity is greater in women with autoimmune disease than in healthy women.
These findings are similar to those from studies included in the review by Meyer and Novak,
(2012), in which long-term HPA axis activity measured by hair cortisol levels and short-term
HPA axis activity measured by salivary cortisol are related under certain conditions.

Considering our results, it would be interesting to evaluate a larger sample of patients
with autoimmune disease with a broader scope of autoimmune pathologies, as well as other
hormones, such as alpha-amylase, that are directly involved in regulating the HPA axis and
sympathetic adrenomedullary system (SAM), as both of these are key components in the
response to stress and carry out an important modulator role in the immune system.

The results from our research confirm, through higher levels of cortisol during the day
and higher hair cortisol concentrations from the preceding three months, greater long and short-
term HPA axis activation in women with autoimmune disease than in healthy women. Perceived
stress and psychopathological symptomatology levels do not influence this hyper-response,
because those variables were comparable in both groups. These findings provide novel

information on HPA axis behavior in persons with autoimmune disease.
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“Mecanismos explicativos del empeoramiento de las pacientes autoinmunes a causa del
estrés psicologico”
9.1. Introduccion

Actualmente, se ha producido un incremento en el interés de la relacion entre estrés
psicoldgico y enfermedades autoinmunes (McCray y Agarwal, 2011). Diferentes revisiones y
estudios muestran la relacién del estrés psicolégico con factores tanto hormonales como
etiolégicos en la patogenia de la enfermedad autoinmune (Jessop, Richards, y Harbuz, 2004;
Sapolsky, Romero, y Munck, 2000; Shoenfeld y cols., 2008). Una caracteristica comun a todas
ellas, es el efecto exacerbador que tiene el estrés empeorando la sintomatologia de las mismas,
y otras veces, precipitando la enfermedad (Stojanovich, 2010). Este efecto ha sido investigado
en lupus eritematoso sistémico (LES), y en otras enfermedades autoinmunes como el sindrome
de Sjogren (SS) y la esclerosis sistémica (SSc), entre otras.

Los principales resultados de estudios sobre el efecto del estrés en LES, muestran que
el estrés cotidiano, y no los eventos vitales estresantes se relacionan con empeoramiento de la
sintomatologia (Pawlak y cols., 2003; Peralta-Ramirez y cols., 2004). Ademas, las
fluctuaciones en la cantidad de estrés y su interaccion con el gen 5-HT1A-1019G alelo, se
relacionan en mayor grado con dicho empeoramiento, y no tanto con un alto estrés mantenido
y prolongado (Birmingham y cols., 2006). Asimismo, se ha comprobado que ante situaciones
de estrés, se produce una alteracion en el patron de respuesta inmunoldgica en pacientes con
LES versus personas sanas (Jung, Nam, Kim, and Suh, 2015; Roussou, lacovou, Weerakoon, y
Ahmed, 2013; Takahashi y cols., 2014).

Con respecto al SS, los estudios muestran que antes del inicio de la enfermedad, los
niveles de estrés de los pacientes son elevados y pueden estar causados por sucesos vitales
negativos, experiencias adversas en la infancia y/o ausencia de estrategias de afrontamiento

adaptativas, presentando mayor tasa de trastornos psicoldgicos en comparacion con pacientes
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con LES y personas sanas (Hyphantis, Mantis, Voulgari, Tsifetaki, y Drosos, 2010;
Shelomkova y cols., 2013). Ademas, suelen presentar dificultades de adaptacion a sucesos
vitales estresantes siendo un factor de riesgo de padecer trastonos mentales (Andersson,
Manthorpe, and Theander, 2001; Karaiskos y cols., 2009; Sjogren, Leanderson, y Kristenson,
2006).

Los estudios que existen sobre los efectos del estrés en SSc, coinciden en que el estrés
es un factor de riesgo del inicio y exacerbacion de la enfermedad; al igual que ocurre en el LES
y el SS (Chen, Huang, Qiang, Wang, y Han, 2008; Hui, Johnston, Brodsky, Tafur, y Kim Ho,
2009; Matsuura y cols., 2011; Newton, Thombs & Groleau, 2012).

Sin embargo, a pesar de la evidencia del efecto del estrés en las enfermedades
autoinmunes, los mecanismos subyacentes al empeoramiento de esta enfermedad no estan
claros (Freirer y cols., 2010). Diferentes estudios han presentado conclusiones divergentes
sobre el grado de activacion del sistema nervioso simpatico (SNS) y del eje hipotaldmico-
hipofisario adrenal (HHA), principales ejes implicados en la respuesta al estrés. Por un lado, la
activacion del SNS en respuesta al estrés en enfermedades autoinmunes, ha mostrado ser similar
a la de personas sanas (Finan & Zautra, 2013; Glick y cols., 2000; Hogarth y cols., 2002)
incluso algunos estudios han mostrado una mayor activacion del tono simpatico en reposo en
autoinmunes (Straub, Dhabhar, Bijlsma, y Cutolo, 2005).

Con respecto al eje HHA, segun la hipotesis de Munck, Guyre, y Holbrook (1984)
cuando hay una adecuada secrecion de glucocorticoides, se produce un aumento de la
inmunidad innata, como respuesta adaptativa al estrés; sin embargo, en situaciones en las que
no hay una inmunosupresion adecuada, no se restablecen los niveles basales inmunolégicos, lo
que puede conducir a la autoinmunidad debido a una desregulacidn entre el SNS y el eje HHA.
En esta linea, hay estudios que afirman que a causa del estrés se altera el eje HHA, produciendo

resistencia a los glucocorticoides y un desequilibrio de las citoquinas, que explicaria las recaidas
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de las enfermedades autoinmunes y secrecion inadecuada de cortisol (Delevaux, Chamoux, and
Aumaitre, 2013; Schubert y cols., Pool y cols., 2004; Shalimar, Deepak, Bhatia, Aggarwal, and
Pandey, 2006; Silverman y Sternberg, 2012; Van der Goes y cols., 2011). Sin embargo, no hay
un consenso undnime en estos resultados ya que en un estudio posterior no se han encontrado
estos desequilibrios (Finan & Zautra, 2013). Esto podria explicarse a través del estudio de
Straub (2014) donde la activacion del eje HHA en pacientes con artritis reumatoide (AR) era
similar a personas sanas, no siendo estos los resultados esperados, puesto que son pacientes con
inflamacion. Debido a esta activacion similar que tienen los pacientes con AR del eje HHA, el
SNS se activa de forma crdnica, para compensar, lo produce una desincronizacion entre ambos
ejes. Esta desincronizacion estd mediada por un control neuroendocrino inmunoldgico (Straub,
Cutolo, Buttgereit, and Pongratz, 2010).

En definitiva, no existe conclusion unificada sobre el comportamiento de los
mecanismos inmunoldgicos implicados en la respuesta al estrés, causantes de las
exacerbaciones de las enfermedades autoinmunes (Freirer y cols., 2010). Por tanto, el objetivo
de nuestro estudio fue estudiar como interactuan los ejes de respuesta al estrés en mujeres con
LES, SS y SSc con respecto a mujeres sanas evaluando; por un lado el SNS, mediante la
conductancia dérmica, y por otro el eje HHA, mediante el cortisol en saliva. Esta evaluacion se
llevara a cabo en una situacion de estrés de laboratorio para medir estrés agudo. En segundo
lugar, se evaluara el estrés cotidiano mediante niveles de cortisol en saliva diurnos y diferentes
cuestionarios.

9.2. Método
Pacientes

En este estudio han participado noventa y siete mujeres: 37 mujeres controles sanas

(CS), 21 mujeres con SS (SS), 21 mujeres con LES (LES) y 18 mujeres con SSc (SSc). Las

mujeres de los tres grupos autoinmunes estaban diagnosticadas por el personal médico y eran
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pacientes de la Unidad de Enfermedades Autoinmunes Sistémicas (Servicio de Medicina
Interna) en el Hospital Universitario "Virgen de las Nieves” y el “Hospital Clinico San Cecilio”
de Granada, Espafia. Los criterios de inclusién para las mujeres autoinmunes fueron: ser mayor
de edad, saber leer y escribir, no presentar trastornos psicoldgicos severos y no haber recibido
tratamiento corticoideo durante al menos un afio anterior al estudio. Las mujeres sanas,
presentaron los mismos criterios de inclusion, excepto presentar enfermedad fisica. Todas las
participantes leyeron la hoja informativa del estudio y firmaron el consentimiento informado
para participar en este estudio, que fue aprobado por el comité ético y llevado a cabo conforme
con la Declaracion de Helsinki.

Instrumentos

Entrevista semiestructurada: Para recogida de datos sociodemogréaficos, clinicos y
criterios de inclusion del estudio.

Inventario de Vulnerabilidad al Estrés (VE) (Beech, Burns, y Scheefield, 1986; en
version espafiola validada por Robles-Ortega, Peralta-Ramirez y Navarrete-Navarrete, 2006):
Evalud la predisposicion a ser afectados por el estrés percibido.

Escala de Estrés Percibido (EEP) (Cohen, Kamarak, and Mermeistein, 1983; adaptacion
espafola de Remor & Carrobles, 2001): Evaluo el nivel de estrés percibido y el grado en que
las personas encuentran que sus vidas son impredecibles, incontrolables o abrumadoras.

Inventario de sintomas SCL-90-R (Derogatis, 1994; adaptacion espafiola por Gonzalez
de Rivera y cols., 1988): Evalu6 sintomas psicopatologicos en nueve dimensiones especificas
(somatizacién, obsesion-compulsion, sensitividad interpersonal, depresion, ansiedad,
hostilidad, ansiedad fobica, ideacion paranoide y psicoticismo).

Cuestionario SF-36 (Ware & Sherbourne, 1992; adaptacién espafiola de Alonso, Prieto

y Anto, 1995): Compuesto por 36 items que miden ocho dimensiones (funcion fisica, funcion
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social, rol fisico, dolor corporal, salud mental general, rol social, vitalidad y percepcion de la
salud general).

Cuestionario de Slater-Usoh-Steed (SUS) (Usoh, Catena, Arman y Slater, 2000): Evalu6
la sensacion presencia al entorno virtual.
Trier Social Stress Test adaptada a la realidad virtual (TSST-RV)

Es una tarea de estrés psicosocial utilizada en laboratorio para investigar la respuesta al
estrés. En el presente estudio se utilizd la adaptacion de la TSST (Kirschbaum y cols., 1993) a
un entorno de realidad virtual, ya utilizada en el Estudio 1 de esta tesis doctoral y en estudios
anteriores por nuestro grupo de investigacion (Montero-Ldpez y cols., 2016; Santos-Ruiz y
cols., 2010; Santos-Ruiz y cols., 2012).
Evaluacion de la reactividad simpatica: Conductancia dérmica

La conductancia dérmica se registré por medio de dos electrodos de tamafio estandar
Ag/AgCl, en la palma de la mano, y conectados a Biopac MP150WSW. Los datos fueron
registrados antes de TSST-VR (medida basal de 5 minutos) y durante tres periodos de la
visualizacion de los escenarios virtuales: estres anticipatorio (5 minutos), discurso (5 minutos)
y tarea aritmética (5 minutos).
Evaluacion del eje HHA: Cortisol en saliva

Para evaluar la respuesta al estrés agudo se recogieron cinco muestras de cortisol en
saliva mediante Salivette® (Sarstedt, Numbrecht, Alemania, Ref.51.1534). Se analizaron en el
laboratorio del hospital Clinico San Cecilio, utilizando el método de
electroquimioluminiscencia inmunoensayo "ELISA". La primera muestra se recogio después
de 30 minutos de la llegada al laboratorio (cortisol basal = C1). Més tarde, tras las instrucciones
de la TSST-VR se obtuvo la segunda muestra (cortisol pre-exposicion = C2). Posteriormente,

la tercera muestra (cortisol después de la exposicion = C3) se recogié tras la finalizacion de
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TSST-VR. Las muestras cuarta y quinta se obtuvieron diez minutos (C4) y veinte minutos (C5)
después de la finalizacion de la TSST-RV.

Para evaluar los patrones de cortisol diurno, cada participante recogid cinco muestras
de su cortisol salivar. La primera muestra (CD1) se recogié 30 minutos después del despertar
(en ayunas), y el resto de muestras cada cuatro horas (CD2, CD3, CD4, y CD5), a lo largo del
dia hasta la hora de acostarse. Las participantes fueron instruidas para no comer, fumar o beber,
excepto agua, durante la media hora anterior a cada toma de muestra.

Procedimiento
El estudio se programd de acuerdo a la curva de cortisol diurno, entre las 15:00-18:00 horas,
cuando los niveles de cortisol en la saliva son mas estables en poblacion espariola (Santos-Ruiz
y cols., 2010).

Una vez que las participantes llegaron al laboratorio, se les informd sobre el experimento

y se les proporciono el formulario de consentimiento para ser leido y firmado. El protocolo de

induccion al estres se puede observar en la Figura 1.

Evaluacion Periodo de estrés Evaluacion final
inicial
TSST-RV
-Enfrevista
-VE c2 Adaptacién Estrés Discurso Tarea aritmética C3 | C4 C3 | -8US
- EEP psicofisiologica ala | anticipatoro (57) (57) - SCL-90-R
-C1 realidad virtual (57)
- SF-36 (37)
Conductancia Conductanci | Conductancia Conductancia
a

0 1h 307

L

Figura 1: Diagrama del protocolo de la TSST-RV. Nota: VE: Inventario de Vulnerabilidad al Estrés;
EEP: Escala de Estrés Percibido; C1: cortisol basal; C2: cortisol pre-exposicion; TSST-RV: Trier Social Stress
adaptada a realidad virtual; C3: cortisol medido después de la exposicidn; C4: cortisol medido 10 minutos después
de la exposicion al estresor; C5: cortisol medido 20 minutos después de la exposicion al estresor; SUS: cuestionario
de presencia virtual.

Al finalizar la tarea, se les explicaba el procedimiento a seguir, para la recogida de

muestras diurnas de cortisol en saliva, proporcionandoles un Kit de 5 salivettes, una hoja con
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las instrucciones de recogida y una hoja de registro horario. Se les explicaba que durante un dia
(desde que se despertaran hasta la hora de acostarse), se recogerian muestras de saliva para
medir sus niveles de cortisol diurno. Para evaluar los patrones de cortisol diurno, cada
participante recogio cinco muestras de su cortisol salivar.

Anélisis estadisticos

En primer lugar para comprobar si habia diferencias entre los cuatro grupos (variable
independiente) y edad, escolaridad, puntuaciones obtenidas en los cuestionarios psicoldgicos
administrados y el cuestionario de realidad virtual (variables dependientes) se llevaron a cabo
diferentes analisis de varianzas (ANOVAS).

Para comprobar si existian diferencias en la conductancia durante los tres momentos de
TSST-RV (estrés anticipatorio, discurso y tarea aritmetica) y los cuatro grupos, se realizé un
ANCOVA 4x3. La medida basal de conductancia fue incluida como covariable.

Para comprobar si habia diferencias entre los cuatro grupos, CS, SS, LES y SSc en la
activacion del eje HHA ante la TSST-RV, en los diferentes momentos de recogida de las
muestras de cortisol durante la TSST-RV (C2, C3, C4 y C5) se llevé a cabo un ANCOVA
4x4. El C1 fue incluido como covariable.

Para analizar si habia diferencias entre los cuatro grupos de participantes y los niveles
de cortisol diurno (CD1, CD2, CD3, CD4 y CD5) se realizé un ANOVA mixto 4x5.

En todos los analisis de medidas repetidas se aplicd la correccién de Greenhouse-
Greisser, y en los analisis en los que se encontrd interaccion, se realizd una comparacion
intragrupo mediante el estadistico de Bonferroni, para comprobar si existian diferencias en cada
uno de los momentos evaluados en los cuatro grupos de forma individualizada o entre sujetos
en los niveles de cortisol diario.

Ademas, para los niveles de cortisol en la TSST-RV vy los niveles de cortisol diurno, se

calculé mediante la formula trapezoide de Pruessner y cols. (2003) el area bajo la curva de
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respuesta total con respecto al suelo (AUCg) que proporciona informacion acerca de los
cambios que se produjeron durante la observacion de la variable dependiente (niveles de
cortisol). Se midi6 también, el area bajo la curva con respecto al incremento (AUCI), que
proporciona informacién de la intensidad global con la que se produjeron los eventos
registrados. Una vez calculados, se realizaron diferentes ANOV As para comprobar diferencias
entre los 4 grupos (CS, SS, LES y SSc) en el AUCg y AUCI..
9.3. Resultados
Descripcion de la muestra

Los datos sociodemogréficos, psicolégicos y de grado de presencia virtual de cada grupo
se encuentran en la Tabla 1. Los grupos mostraron diferencias entre variables
sociodemograficas como la edad y la escolaridad, asi como en somatizacion y depresion y

diferentes escalas de calidad de vida.
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Tabla 1: Medias y desviaciones tipicas de los datos sociodemogréficos, psicolégicos y de realidad virtual de los cuatro grupos de comparacion.

Variables Grupo CS Grupo SS Grupo LES  Grupo SSc F p Post- hoc
M+DT M+DT M+DT M+DT

1.Sociodemograéficas:

Edad (afios) 36,3149,31  48,95+10,35 40,38+7,46  50,28+10,30 21,22 0,001* CS, LES#SS, SSc

Escolaridad (afios) 17,1942,92  14,86+3,76  16,05+2,52  12,94+4,12 10,99  0,001** MS=#SSc

Tabaco (%) 40,62 % 14,28 % 38,09 % 5,55 % 1,74 0,066 -

2. SCL-90-R:

Somatizacion 51,50+11,53 64,05+10,52 56,62+7,48  58,29+11,11 5,95 0,001** CS+#SS, LES, SSc

Obsesidon/compulsién 53,13+12,61 61,16+12,64 58,86+7,92  61,35+8,71 3,17 0,028 -

Sensitividad interpersonal 50,78+11,7  58,26+12,89 54,62+13,54 56,47+10,60 1,72 0,168 -

Depresion 48,349,590  57,84+13,76 54,29+10,26 57+11,68 3,83 0,013* CS#£SS

Ansiedad 50,88+10,07 58,26+11,37 55,19+10,40 53,24+9,78 2,11 0,104 -

Hostilidad 48+9,01 54,53+10,92 52,76+9,61  51,47+10,93 1,98 0,122 -

Ansiedad fébica 41,78+11,68 51,16+16,03 46,14+12,70 48,94+14,18 2,25 0,087 -

Paranoia 48,09+12,70 55,47+11,95 51,19+13 50,41+10,35 1,46 0,230 -

Psicoticismo 45,63+12,02 55,21+14,05 53,76+11,84 54,29+10,28 3,61 0,016* CS#£SS

3. Estres: -

Inventario Vulnerabilidad 6,06+4,08 11,144595  9,14+548 9,08+4,88 4,61 0,005* CS#SS

al estrés

Escala de Estrés percibido ~ 21,69+7,65  27+10,48 27,1948,96  26,22+10,84 2,16 0,098 -

4. SF-36:
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Funcién fisica
Funcién social

Rol fisico

Dolor corporal
Salud mental general
Rol social

Vitalidad

Percepcion de salud

general

5. Realidad virtual:

SUS (Presencia virtual)

94,50+19,40
83,33+22,82
91,67+21,10
75,86+22,63
69,73+11,77
62,22+40,80
60,50+16,15
75,33+15,47

4,41+1,74

67,14+29,85
60,71+27,18
48,81+49,03
42,10£23,35
53,90+22,50
49,21+46,69
43,10+24,41
39,48+21,92

4,49+2,06

77,38+23,69
64,88+28,12
47,62+43,95
50,52+27,96
57,14+19,27
50,79+49,01
47,62+19,40
50,33+19,27

4,49+1,68

Tesis Doctoral: Estudio 5

62,65+26,64
58,89+25,68
36,76+46,03
50,47+29,32
56,94+20,61
52,94+47,22
38,53+24,92
38,88+18,41

3,07+1,98

9,66
4,89
9,58
8,50
3,91
0,44
5,06
21,43

0,838

0,001**
0,003
0,001**
0,001**
0,011*
0,728
0,003*
0,000**

0,475

CS#£SS, SSc
CS#£SS, SSc

CS#SS, LES, SSc
CS#SS, LES, SSc

CS#£SS

CS#£SS, SSc

CS#SS, LES, SSc

Nota: Grupo CS=mujeres control sanas; grupo SS=mujeres con sindrome de Sjogren; grupo LES=mujeres con lupus; grupo SSc= mujeres con esclerosis sistémica; **p<0,01;

*p<0,05
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Reactividad simpética: Conductancia dérmica durante la TSST-RV

El ANCOVA mixto no mostré diferencias estadisticamente significativas entre los
cuatro grupos, con respecto a la conductancia en los tres momentos de la TSST-RV (estrés
anticipatorio, discurso y tarea aritmética).
Activacion del eje HHA: Cortisol en saliva durante la TSST-RV

Los resultados mostraron un efecto de interaccion momentoxgrupo (F(9,85)=2,04;
p=0,050) entre los cuatro grupos en los diferentes momentos. El grupo de CS presentd una
activacion normal frente al estresor, mientras que los grupos SS y LES no se activaron. El grupo
SSc, aunque en menor medida, tambien se activo frente al estresor. Estos resultados se pueden

ver en la Figura 2.

Cortisol en la TSST-RV
10
9
Q /\ -
= 8 0
E 7 [ — P n
= 6 —t— 5
.M
";:. 5 =-S5
v LES
3 —— S5
c2 C3 c4 c5
5 4,77 5,7 4,54 4
== 55 7,05 6,94 6,8 6,92
LES 7,73 7.5 7,04 6,73
i S50 8,73 9,7 8,03 8,32

Figura 2: Niveles de cortisol en la TSST-RV. Nota: C2= cortisol pre-exposicion; C3= cortisol después
de la exposicion; C4= cortisol post +10’; C5= cortisol post +20’; CS= mujeres sanas; SS= mujeres con SS; LES=
mujeres con LES; SSc= mujeres con SSc.

Los analisis intrasujetos mostraron diferencias estadisticamente significativas en CS,

entre C2 y C3 (p=0,024), C3y C4 (p<0,001), C3y C5 (p<0,001), y entre C4 y C5 (p=0,019).
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También se encontraron diferencias intrasujetos en SSc, entre C3 y C4 (p=0,021). No se
encontraron diferencias intragrupo entre los diferentes momentos en los grupos SSy LES.
Con respecto el AUC de los niveles de cortisol en la TSST-RV, los analisis mostraron
diferencias en el AUCg (F(3,85)=5,35; p=0,002) y en el AUCi (F=(3,85)=3,48; p=0,019). Los
resultados mostraron diferencias entre CS (p=0,002) y SSc, siendo mas elevada en SSc.
Niveles de cortisol diurno
Los resultados mostraron un efecto de interaccion momentoxgrupo (F(9,63)=2,32;

p=0,024) significativo. (Ver Figura 3)

Cortisol diurno
15
18
—_ 17
= 16
= 15
= 14
E 13
12
= 11
= 10 ——C5
g
H 7 r =55
3 v
g LES
CD1 CD2 CD3 CD4 CDs5 i S5
=S5 14,58 5.66 5.11 5.06 3.74
=-S5 16.62 7.09 6.37 4,76 5.07
LES 18.2 7.81 8.21 2.85 7.11
——8585¢c 18.58 11.86 8.36 5.63 7.15

Figura 3: Curva de cortisol diurno de los cuatro grupos. Nota: CD1= cortisol 30’ después del despertar;
CD2= cortisol +4horas; CD3= cortisol +8horas; CD4= cortisol +12horas; CD5= cortisol +16horas (antes de
dormir); CS= mujeres sanas; SS= mujeres con SS; LES= mujeres con LES; SSc= mujeres con SSc.

Analisis posteriores mostraron que existian diferencias significativas entre los grupos
en todos los momentos excepto en el CD1. En concreto, los resultados mostraron diferencias
significativas entregrupos en CD3 (p=0,029) y CD5 (p=0,023) entre CS y LES. Estas
diferencias se mostraron en niveles mayores de cortisol en las mujeres con LES con respecto a

las sanas.
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También se encontraron diferencias entre los grupos CS y SSc en CD2 (p<0,001), CD3
(p=0,037) y CD5 (p=0,034) donde SSc presentaron mayores niveles de cortisol que las sanas.
En el AUC de los niveles de cortisol diurnos, hubo diferencias en el AUCg
(F(3,86)=6,87; p<0,001). Andlsis posteriores mostraron diferencias significativas entre CS y
LES (p=0,003) y en el AUCqg entre CS y SSc (p=0,003), siendo mas elevadas en LES y SSc

que en CS.

9.4. Discusion

El objetivo de este estudio fue investigar como interactuan los ejes de respuesta al estrés
en mujeres con LES, SS y SSc en comparacion con CS durante la TSST-RV, donde se midio
la activacion del SNS mediante la conductancia dérmica y la activacion del eje HHA mediante
el cortisol en saliva, como medidas de estrés agudo. Asimismo, se analizé el comportamiento
del eje HHA a través del patron de cortisol en saliva diurno de mujeres autoinmunes con
respecto a mujeres sanas, como medida de estrés cotidiano. Ademas, los cuatro grupos fueron
evaluados en estrés, psicopatologia, calidad de vida y presencia en el entorno virtual.

Con respecto a las variables psicopatolégicas y relacionadas con la salud, los resultados
son los esperables al comparar personas con enfermedad con respecto a personas sanas ya que
se encuentran diferencias en las variables de somatizacion, dolor corporal, percepcién de la
salud general y rol fisico, de este modo las mujeres autoinmunes estan mas afectadas que las
mujeres sanas. Cabe destacar que el grupo SS muestra peores puntuaciones que el grupo CS,
en salud mental, depresion, psicoticismo y vulnerabilidad al estrés. Estos resultados siguen la
misma linea de otros estudios donde pacientes con SS tienen una tasa mas elevada de trastornos
psicolégicos (Hyphantis y cols., 2010; Shelomkova y cols., 2013). Ademas, el grupo SS junto
con el grupo SSc presentan diferencias con respecto al grupo CS, en funcién fisica, funcién

social y vitalidad. Estos resultados se podrian atribuir a la sintomatologia propia del SS y de la
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SSc y probablemente también a la edad, ya que en estos dos grupos es mayor que en CS 'y LES,
siendo la edad un factor relacionado con la calidad de vida (Chiu y cols., 2008).

Con respecto a la activacion del SNS en una situacion de estrés agudo encontramos que
no habia interaccion en la respuesta de conductancia entre los cuatro grupos. Nuestros hallazgos
coinciden con otros estudios (Finan & Zautra, 2013; Glick y cols., 2000), donde la activacion
del SNS medida por la conductancia dérmica no presenta diferencias entre las mujeres
autoinmunes y las mujeres sanas.

Con respecto a la activacion del eje HHA en una situacion de estrés agudo, los resultados
encontrados fueron diferentes en mujeres sanas frente a las mujeres autoinmunes. Las mujeres
sanas presentaban un patron de respuesta de la curva de cortisol similar a otros estudios de la
TSST-RV (Annersted y cols., 2013; Santos-Ruiz y cols., 2010), mientras que en los grupos LES
y SS, no se incrementaban los niveles de cortisol en respuesta a la TSST-RV. Estos resultados
indican que el eje HHA no responde de forma adecuada, y los niveles de cortisol se mantienen
en niveles basales durante toda la TSST-RV, sin producirse el disparo del eje HHA. Por ultimo,
el grupo SSc presentaba un patron de respuesta similar al grupo CS. Estas diferencias existen
también en los indices AUCg y AUCi durante la TSST-RV, entre CS y SSc, siendo estas ultimas
quienes muestran unos AUC mayores. Estos resultados pueden explicarse segun la hipotesis de
Munck y cols. (1984) debido a una alteracion del eje, la cual no produce la inmunosupresion
que debe haber tras la exposicion a un estresor, y cuando las situaciones de estrés aparecen
repetidamente, se produce la respuesta de autoinmunidad. Nuestros hallazgos concuerdan con
otros estudios realizados con pacientes autoinmunes y controles sanos (Jacobs y cols., 2001;
Matsuura y cols., 2011; Pawlak y cols., 1999) donde hallaron diferencias en las respuestas
inmunoldgicas en pacientes autoinmunes.

Por tanto, las mujeres con LES o SS muestran una disfuncion del eje HHA, ya que no

presentan un patron normal de respuesta de la curva de cortisol frente al estresor, ya que no se
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produce reactividad al mismo. Sin embargo, estos resultados no son extrapolables a todas las
enfermedades autoinmunes ya que en la SSc si encontramos activacion del eje HHA con la
secrecion de cortisol, aunque esta es menor que la de CS.

Con respecto a los niveles de cortisol diario también encontramos diferencias entre CS
con los grupos LES y SSc. Los dos grupos de autoinmunes mostraban niveles mas elevados de
cortisol diurno que CS, en concreto en el cortisol recogido ocho horas después del despertar y
en la Gltima muestra de cortisol del dia (antes de acostarse). Ademas, en SSc los niveles cortisol
recogidos cuatro horas después del despertar, son mas elevados que en CS. Estos hallazgos
indican, que pacientes autoinmunes muestran mas fluctuaciones de los niveles de cortisol en
los diferentes momentos del dia, presentando por tanto mayores niveles que en personas sanas.
Estudios previos tambien han investigado patrones de cortisol diurnos como Van der Goes y
cols. (2011) encontraron una correlacion negativa en los niveles de cortisol del despertar con la
tasa de sedimentacion eritrocitica (ESR) en pacientes con LES y SS. Por tanto, el hecho de que
en nuestro estudio, los niveles de cortisol diario sean més elevados en mujeres autoinmunes que
en mujeres sanas, podria ser modulado por la ESR.

Ademas, se debe tener en cuenta que las muestras de saliva estan influenciadas por los
ritmos circadianos de cada persona (Johnson, Kostandi, y Moutsopoulos, 2006), por eso una de
las limitaciones de este estudio ha sido no incluir otras medidas como la a-amilasa o la ESR,
para aportarnos mas informacién sobre patrones alterados y diferentes de la curva de cortisol
tanto de patrones de respuesta al estrés como patrones de cortisol diurno. Por otro lado, seria
interesante poder profundizar mas en esta linea incluir mas grupos de enfermedades
autoinmunes para estudiar de forma pormenorizada el comportamiento de los ejes de respuesta
al estrés, asi como aumento del nimero muestral.

En conclusién, nuestros hallazgos muestran una desregulacion entre los ejes de

respuesta al estrés en pacientes autoinmunes. Esta alteracion genera patrones de respuesta al
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estrés psicoldgico diferentes segln la enfermedad autoinmune que se estudie; LES, SS o SSc.
Ademas, no es generalizable a todas las enfermedades autoinmunes. Esto nos lleva a
comprender la diversidad de resultados encontrados en el efecto del estrés en las enfermedades
autoinmunes ya que unos autores dan mas peso a la importancia del estrés cotidiano y otros a
los eventos vitales estresantes (Da Costa y cols., 1999; Dobkin y cols., 1998; Peralta-Ramirez
y cols., 2004), sin embargo, es posible que la clave esté en la respuesta que cada enfermedad
autoinmune tiene ante las diferentes situaciones estresantes. De este modo, es interesante la
sugerencia que plantean Finan y Zautra (2013) afirmando que deben tenerse en cuenta segln la
enfermedad autoinmune estudiada, los diferentes efectos biopsicosociales de progresion de la
enfermedad. Por tanto, en el abordaje clinico para el tratamiento de las enfermedades
autoinmunes, debe incluirse un seguimiento y control de los niveles de estrés de las pacientes
autoinmunes, teniendo en cuenta que segun la enfermedad autoinmune, estrés psicolégico
afectara de manera diferente al funcionamiento tanto del SNS como del eje HHA pero con un

efecto igual de perjudicial en su calidad de vida.
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El objetivo de esta tesis doctoral fue estudiar los mecanismos que expliquen el
empeoramiento de la sintomatologia de pacientes con enfermedades autoinmunes a causa del
estrés psicoldgico. Para ello, se realizaron cinco estudios divididos en tres bloques:
metodologia, variables influyentes y relacion entre estrés-autoinmunidad.

En el primer bloque de Metodologia, se realizé el Estudio 1 con el objetivo de
determinar el protocolo de TSST-RV que produciria mayor activacién del SNS y del eje HHA,
en personas sanas. En resumen, nuestros resultados parecen apoyar el uso de los protocolos de
la TSST-RV, siendo un paradigma util para investigar la modulacion de los ejes principales que
intervienen en la respuesta al estres al igual que confirman estudios previos (Jésson y cols.,
2009; Kelly y cols., 2007; Kotlar y cols., 2008, Santos-Ruiz y cols., 2010). Los resultados
derivados de este estudio nos permiten tomar decisiones sobre qué protocolo utilizar cuando el
objetivo del estudio es investigar especificamente uno de los dos ejes. En concreto, es preferible
utilizar un protocolo de gafas para activar el SNS y la proyeccion de la imagen en 3D sobre una
pantalla para activar el eje HHA, especialmente si la muestra de estudio esta compuesta por
mujeres principalmente. En caso de estudio en hombres, el protocolo de gafas es mas
recomendado para el analisis de ambos ejes. Por ultimo, si el estudio a realizar incluye los dos
ejes de respuesta al estrés y de ambos sexos, nuestros hallazgos indican que el uso de una
imagen en 3D proyectada sobre una pantalla es el protocolo recomendado de TSST-VR. Los
resultados derivados de este estudio nos han permitido determinar el tipo de protocolo a
desarrollar en la evaluacion de la activacion de los ejes de respuesta al estrés en las pacientes
autoinmunes.

En el segundo bloque de Variables Influyentes, se llevaron a cabo dos estudios. En el
estudio 2 se comprobd en mujeres sanas la influencia de las fases del ciclo menstrual tanto en
el estrés cotidiano (a través de los niveles de cortisol salivar diario) como en el estrés agudo (a

través de los niveles de cortisol salivar en respuesta a la TSST-RV). Los resultados mostraron
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que en una situacion de estrés de laboratorio (TSST-RV), las mujeres en la fase l(tea
experimentan mayor aumento en los niveles de cortisol, lo que revela la posible influencia de
la fase del ciclo menstrual ante una situacion estresante especifica. En este sentido, las mujeres
que se encuentran en fase lGtea pueden ser mas vulnerables al percibir la situacion como mas
estresante que las mujeres que se encuentran en fase folicular. En esta linea, el estudio de
Walder y cols. (2012), mujeres en fase lutea presentaban niveles mas elevados de cortisol
durante una tarea estresante que mujeres que se encontraban en fase folicular. Por otro lado,
nuestro estudio no encontré asociacion entre las respuestas de cortisol al estrés de laboratorio y
los niveles de cortisol salivales en el transcurso del dia, como el estudio de Kidd y cols. (2014).
Una posible explicacion de estas diferencias en los resultados podria atribuirse a la diferencia
en el disefio y en el procedimiento utilizados en ambos estudios. Las mujeres participantes en
el estudio de Kidd y cols. (2014) tenian una media de 64 afios de edad, por lo eran
menopausicas, y los horarios de recogida de las muestras de cortisol diario y de la tarea de estrés
eran diferentes a los de nuestro estudio. Nuestros resultados no mostraron diferencias entre las
diferentes fases del ciclo menstrual y los niveles de cortisol diurno, por lo que se hallan en
consonancia con los de Kudielka y Kirschbaum (2003) y Wolfram y cols. (2010) quienes no
encontraron influencia de la fase del ciclo menstrual en el estrés diario. Los hallazgos
encontrados en el estudio 2 implicarian el aumento de la activacion del eje HHA, junto con
todas las consecuencias que conlleva dicha activacion durante la fase lGtea, haciendo a las
mujeres mas vulnerables al estrés y a sus efectos, con riesgo de empeoramiento de la salud
fisica y mental. Este estudio podria ayudar a aclarar como los niveles hormonales pueden influir
en la mujer.

En el estudio 3, dados los efectos del estrés y cortisol sobre variables de funcion
ejecutiva y toma de decisiones, se tuvo como objetivo analizar la posible influencia del

tratamiento con corticoides sobre estas variables en pacientes con LES. Los resultados
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mostraron un efecto diferenciado en flexibilidad cognitiva entre las pacientes con LES que
tomaban corticoides (con peores puntuaciones) con respecto a las pacientes con LES sin
tratamiento corticoideo y a las mujeres sanas. Estos resultados van en la misma linea de
diferentes estudios que confirman cémo los corticoides producen una disminucion en otras
variables neuropsicoldgicas como la memoria declarativa y de trabajo, siendo reversible cuando
se disminuye la dosis o bien se suprime el tratamiento corticoideo (Brown y cols., 2007; Keenan
y cols., 1996). Este efecto podria aparecer por la atrofia que los corticoides producen en el
hipocampo (Appenzeller y cols., 2006; Brown, 2009). Por otro lado, el estudio de Nishimura y
cols. (2015) encontrd que pacientes LES presentaban peor ejecucion en flexibilidad cognitiva,
evaluada mediante el Trail Making Test, frente a controles sanos. Con respecto a la toma de
decisiones, los resultados muestran que pacientes con LES (estén o no tomando corticoides)
presentan una peor toma de decisiones que las personas sanas, por lo que este deficit no se
puede atribuir a este tratamiento. Esto parece indicar que seria la enfermedad en si la que
afectaria a la toma de decisiones. Sin embargo, la actividad de la enfermedad no se correlaciono
ni con la toma de decisiones ni con la flexibilidad cognitiva. En este sentido nuestros datos
coinciden con los de otros estudios (Carbotte y cols., 1995; Kozora y cols., 1996) que mostraron
que el SLEDAI no es un factor predictor de déficit cognitivo en LES. Sin embargo, si se
relaciona de forma indirecta, ya que el SLEDAI es un marcador de actividad lupica, siendo
necesario en algunas ocasiones el uso de corticoides, uno de los componentes del tratamiento,
para disminuir la actividad de la enfermedad. Por lo tanto, aun sigue habiendo controversia
sobre la asociacion entre deterioro cognitivo y marcadores de actividad de la enfermedad;
existiendo estudios gue encuentran tal relacion (Conti y cols., 2012; Kozora y cols., 2008). Con
respecto al estado psicoldgico, se encontraron diferencias de pacientes con LES y mujeres
sanas en la mayoria de las variables relacionadas tanto con estrés como con diferentes sintomas

psicopatoldgicos. Estos resultados coinciden con, otros estudios que relacionan el estrés,
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ansiedad y depresién como posibles factores de empeoramiento de la sintomatologia y calidad
de vida de las pacientes con LES (Coin-Mejias y cols., 2007; Peralta-Ramirez y cols., 2004,
2007, 2009). Estos hallazgos aportan una importante informacion sobre los efectos de los
corticoides en el componente neuropsicoldgico de las pacientes, lo que tendria implicaciones
negativas sobre el funcionamiento cotidiano de éstas.

El tercer bloque contiene los estudios 4 y 5 de esta tesis doctoral, en los que se investiga
sobre la relacion entre estrés y autoinmunidad. En el Estudio 4, se investigo la activacion del
eje HHA entre mujeres con enfermedades autoinmunes (LES, SS, SSc y uveitis) en
comparacion con mujeres sanas a dos niveles: mediante el cortisol en saliva durante un dia
como medida de estrés cotidiano y mediante el cortisol en pelo como medida retrospectiva de
estrés cronico. Para esta Ultima evaluacion, analizamos las concentraciones de cortisol en pelo
de los ultimos 3 meses. Los niveles de estres psicologico de las participantes se evaluaron con
medidas de autoinforme. Los resultados mostraron que los niveles de cortisol en saliva y en
pelo eran méas elevados en las mujeres autoinmunes que en mujeres sanas, apuntando a una
hiperactivacion del eje HHA. En esta linea, nuestros resultados no coinciden con los de Jung y
cols. (2015), ya que éstos encontraron que pacientes con LES tenian mayores niveles de a-
amilasa que controles sanos pero no encontraron diferencias en los niveles de cortisol entre
pacientes con LES y controles sanos. Una posible explicacion es que ellos no excluyeron a
pacientes con tratamiento corticoideo, hecho que modularia la respuesta de las glandulas
suprarrenales modificando por tanto la activacion del eje HHA en estos (Ruiz-Arruza et al.,
2014). En nuestro estudio, para evitar que nuestros resultados pudiesen estar influidos por una
hipertrofia de las glandulas suprarrenales y garantizar la eliminacién en el organismo del
tratamiento corticoideo, las pacientes autoinmunes llevaban sin tener tratamiento corticoideo
en el Gltimo afo. Por otro lado, nuestros resultados discrepan de los encontrados por Johnson y

cols. (2006) y Tzioufas y cols. (2008), ya que encontraron niveles de cortisol basal y de ACTH
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significativamente mas bajos en pacientes con SS que en controles sanos. Estos resultados
probablemente puedan deberse a que solo se tomaron medidas de cortisol salivar en momentos
puntuales para evaluar el eje HHA, y es conocido que estas medidas estdn muy influenciadas
por los ritmos circadianos de cada persona (Johnson y cols., 2006). La evaluacién del cortisol
en saliva también fue usada en el estudio de van der Goes y cols. (2011) con pacientes con SS
primario y LES, encontrando que lo que modula la activacion del eje HHA en estos pacientes
era la tasa de sedimentacion eritrocitica (ESR) de modo que pacientes con una elevada ESR
tenian la respuesta del cortisol al despertar mas baja que los pacientes con baja ESR. Por tanto,
el hecho de que en nuestro estudio, los niveles de cortisol diarios sean mas elevados en mujeres
autoinmunes que en mujeres sanas, podria estar modulado por la ESR, que no fue incluida en
nuestro estudio. Con respecto a los niveles de estrés cronico (cortisol en pelo acumulado a lo
largo de los dltimos 3 meses), dado que ambos grupos estaban igualados en las variables de
estrés y psicopatoldgicas, los resultados indicarian una elevada funcion del eje HHA en mujeres
autoinmunes. Estos hallazgos coinciden con los estudios incluidos en la revision de Meyer y
Novak (2012), donde mostraron que la actividad a largo plazo del eje HHA, medida por los
niveles de cortisol en pelo, y la actividad a corto plazo del eje HHA, medida por los niveles de
cortisol en saliva, se relacionan bajo algunas condiciones. Todo esto nos aporta informacion
novedosa sobre el comportamiento del eje HHA en personas con enfermedades autoinmunes.
Por ultimo, el estudio 5, se llevo a cabo teniendo en cuenta todos los resultados
anteriores, por lo que se utilizo el protocolo de TSST-RV de pantalla (tal y como nos sugeria el
primer estudio de esta tesis doctoral) y su objetivo fue investigar cobmo interacttan los ejes de
respuesta al estrés en mujeres con diferentes enfermedades autoinmunes (LES, SS y SSc) en
comparacion con mujeres sanas durante la TSST-RV, registrando la activacién del SNS
mediante la conductancia dérmica y la activacion del eje HHA mediante el cortisol en saliva,

como medidas de estrés agudo de laboratorio. Se controlaron las variables influyentes,
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recogiendo datos sobre las fases del ciclo menstrual de las participantes, y en el caso de las
pacientes autoinmunes, solo se incluyeron para este estudio, aquellas que llevaban al menos un
afio sin tratamiento corticoideo. Asimismo, se analizé el comportamiento del eje HHA a través
del patrén de cortisol en saliva diurno de mujeres autoinmunes con respecto a mujeres sanas,
como medida de estrés cotidiano (medidas ya recogidas en el estudio 4). Ademas, los cuatro
grupos fueron evaluados en las variables de estrés, psicopatologia, calidad de vida y presencia
en el entorno virtual. Con respecto a las variables psicopatolégicas y relacionadas con la salud,
los resultados son los esperables al comparar personas con enfermedad con respecto a personas
sanas ya que se encuentran diferencias en las variables de somatizacion, dolor corporal,
percepcion de la salud general y rol fisico, estando mas afectadas las mujeres autoinmunes que
las mujeres sanas. Cabe destacar que las pacientes con SS muestran peores puntuaciones que
las mujeres sanas, en salud mental, depresion, psicoticismo y vulnerabilidad al estrés. Estos
resultados siguen la misma linea de otros estudios donde pacientes con SS tienen una tasa mas
elevada de trastornos psicologicos (Hyphantis y cols., 2010; Shelomkova y cols., 2013). Con
respecto a la activacion del SNS en la TSST-RV encontramos que no habia diferencias en la
respuesta de conductancia dérmica entre los cuatro grupos, mostrando por tanto similar
activacion. Nuestros hallazgos coinciden con otros estudios (Finan y Zautra, 2013; Glick y
cols., 2000), donde la activacién del SNS medida por la conductancia no presentaba diferencias
entre las mujeres autoinmunes y las mujeres sanas. Si encontramos diferencias con respecto al
eje HHA, ya que los resultados encontrados mostraron que las mujeres sanas presentaban un
patrén de respuesta de la curva de cortisol normal durante la TSST-RV, mientras que en los
grupos LES y SS, no se incrementaban los niveles de cortisol en la TSST-RV. Estos resultados
indican que la respuesta del el eje HHA no es igual a la de personas sanas, manteniéndose en
niveles basales durante toda la TSST-RV, sin producirse el disparo del eje HHA. Cabe destacar

que el grupo SSc presentaba un patrén de respuesta similar al grupo de personas sanas. Con
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respecto a los indices de AUCg y AUCi durante la TSST-RV, se encontraron diferencias entre
mujeres sanas y SSc quienes mostraron unos niveles de AUC mayores. Estos resultados pueden
explicarse segun la hipotesis de Munck y cols. (1984) que defiende que, debido a una alteracion
del eje HHA, no se produce la inmunosupresion adecuada en respuesta a un estresor, de este
modo, cuando este fallo en inmunosupresion se produce repetidamente en situaciones de estreés,
puede aumentar el riesgo de autoinmunidad. Esto estaria también apoyado por otros estudios
realizados con pacientes autoinmunes y controles sanos (Jacobs y cols., 2001, Matsuura y cols.,
2011; Pawlak y cols., 1999) donde hallaron diferencias en las respuestas inmunoldgicas en
pacientes autoinmunes frente al estrés psicologico. Por otro lado, aunque nuestros resultados
muestran que en mujeres con LES o SS una disfuncion del eje HHA, por no presentar un patron
tipico de respuesta de la curva de cortisol frente al estresor, estos resultados no son extrapolables
a todas las enfermedades autoinmunes, ya que en la SSc si encontramos activacion del eje HHA
en respuesta al estrés, aunque esta sea menor que en mujeres sanas.

En resumen, existen patrones de respuesta al estrés psicologico diferentes segun la
enfermedad autoinmune que se estudie; LES, SS o SSc. Esto nos lleva a comprender la
diversidad de resultados encontrados en el efecto del estrés en las enfermedades autoinmunes
ya gue unos autores dan mas peso a los eventos vitales estresantes y otros al estres cotidiano
(Da Costa y cols., 1999; Dobkin y cols., 1998; Peralta-Ramirez y cols., 2004), sin embargo, es
posible que la clave esté en la respuesta que cada enfermedad autoinmune tiene ante las
diferentes situaciones estresantes. De este modo, aunque hay acuerdo en la desregulacion de
los ejes de respuesta al estrés es interesante la sugerencia que plantean Finan y Zautra (2013)
quienes afirman que deben tenerse en cuenta segln la enfermedad autoinmune estudiada, los
diferentes efectos biopsicosociales de progresion de la enfermedad.

Los resultados encontrados en esta tesis doctoral presentan una serie de limitaciones a

tener en cuenta para futuras investigaciones como podrian ser estudiar la respuesta al estrés en
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entornos mas ecoldgicos que nos permitieran generalizar los resultados a otros ambientes,
también seria interesante evaluar la respuesta psicofisioldgica del estrés mediante otros
registros del SNS como la tasa cardiaca y el pulso. Por otro lado, sabiendo la importancia del
ciclo menstrual en la respuesta al estrés, seria interesante seleccionar un método mas fiable para
determinar la fase del ciclo menstrual en el que se encuentran las participantes e incluir un
mayor tamafio muestral en los grupos de pacientes autoinmunes asi como otras enfermedades

autoinmunes.
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11.1. CONCLUSIONES
Las principales conclusiones que se derivan de los estudios llevados a cabo en esta tesis doctoral
son las siguientes:

1. Con respecto al estudio de metodologia para determinar qué protocolo de la TSST-RV
es mas adecuado para estudiar la respuesta al estrés en el laboratorio, la TSST-RV
mediante pantalla es el protocolo recomendado ya que produce mayor activacién de los
dos ejes implicados en la respuesta al estrés (sistema nervioso simpatico y eje HHA)
tanto en hombres como en mujeres.

2. Conrespecto a las variables influyentes, en el estudio 2 se encontrd que la variable “fase
del ciclo menstrual de la mujer” influye en la respuesta al estrés provocado en una
situacion de estrés de laboratorio. En concreto, las mujeres que se encuentran en la fase
lutea del ciclo menstrual, presentan niveles mas elevados de cortisol en saliva, con
respecto a las que se encuentran en la fase folicular del ciclo. Sin embargo, los niveles
de cortisol en saliva diurno, no estan determinados por las fases del ciclo menstrual.

3. Enrelacion a la variable “tratamiento corticoideo”, podemos concluir que el tratamiento
farmacoldgico con corticoides, afecta a la flexibilidad cognitiva y toma de decisiones
de mujeres con lupus, por lo que se debe tener en cuenta que existen mas efectos
secundarios de los tratamientos con corticoides que indirectamente, también se pueden
relacionar con su respuesta al estrés.

4. Con respecto a estrés y autoinmunidad en el que se engloban los estudios 4 y 5 llegamos
a varias conclusiones. En el estudio 4, llegamos a la conclusion de que las mujeres con
LES, SS y SSc tienen niveles mas elevados de cortisol en pelo (estrés cronico) y en
saliva (estrés cotidiano) que las mujeres sanas. En el estudio 5, comprobamos que
existen diferencias en los patrones de respuesta al estrés entre pacientes autoinmunes y

personas sanas. En concreto, en una situacién de estrés de laboratorio (TSST-RV), las
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mujeres con LES, SS 'y SSc presentan unos patrones de respuesta diferente a las mujeres
sanas, reflejados en la desincronizacién entre el sistema nervioso simpatico y el eje
HHA. De este modo, las mujeres con enfermedad autoinmune, muestran una activacién
similar del sistema nervioso simpatico a las mujeres sanas, sin embargo, el eje HHA se

activa de manera diferente que en las mujeres sanas.

11.2. PERSPECTIVAS FUTURAS

Las principales perspectivas futuras de investigacion derivadas de esta tesis doctoral son las

siguientes:

1.

Estudiar otras hormonas como la prolactina, la tasa sedimentacion eritrocitica (ESR),
dehidroandosterona y la a-amilasa para explicar las diferencias que hay en los patrones
de respuesta al estrés y en sus patrones de cortisol diurno entre mujeres con LES,
mujeres con SS y SSc.

Comprobar la implicacion de mediadores inmunoldgicos como las citoquinas IL-6, IL-
4 e IL-10 en el empeoramiento de la sintomatologia de pacientes con LES, SS, SSc a
causa del estrés psicoldgico.

Desde el diagndstico de la enfermedad autoinmune, hacer un seguimiento de los niveles
de cortisol en pelo cada 3 meses que permita predecir y prevenir el empeoramiento de
la sintomatologia. Asimismo, comprobar el papel del estrés psicolégico como
precipitante de las enfermedades autoinmunes
Evaluar si en pacientes con SS y SSc existe también afectacion neuropsicoldgica a causa
del tratamiento corticoideo como ocurre en pacientes con LES.

Realizar evaluaciones neuropsicoldgicas en pacientes autoinmunes desde el diagndstico
de la enfermedad y en el caso de pacientes con tratamiento corticoideo y con deterioro,

llevar a cabo rehabilitacion neuropsicoldgica.
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6. Desarrollar terapias psicoldgicas eficaces de afrontamiento al estrés que disminuyan los
niveles de estrés percibido y cotidiano asi como los niveles de cortisol en pacientes
autoinmunes, con el objetivo de disminuir el riesgo de brotes de la enfermedad causados
por el estrés psicologico.

7. Desarrollar estos estudios en hombres que padezcan LES, SS y SSc puesto que aunque
la prevalencia de estas enfermedades sea baja en hombres, igualmente es necesario el

abordaje psicolégico para una mayor adaptacion al proceso de la enfermedad.
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1. SUMMARY
This doctoral thesis consists of eleven chapters that are structured in four sections: a)
introduction (chapters I, Il and I1), b) justification and objectives (chapter 1V), c) empirical
studies (chapters V, VI, VII, VIII and 1X), and d) general discussion, conclusions and future
research (chapter X and XI).

The first part presents the theoretical introduction of this thesis, and is divided in three
chapters. In chapter I, the psychological stress is defined; we present the main theoretical
models and the human physiological stress response. Chapter Il exposes how the stress response
is evaluated using self-report, psychophysiological and endocrine assessment. At the end of the
chapter, we present the main stressors used in the laboratory during the research of the response
to stress and its effects. In chapter 111, we summarize the principal characteristics of systemic
lupus erythematosus (SLE), Sjogren’'s syndrome (SS) and systemic sclerosis (SSc) including
signs, symptoms, treatment and the effect of psychological stress in these three diseases. We
finish this introductory section, with the exposure the principal theories that try to explain the
relationship between stress and autoimmunity, and so the underlying mechanisms involved in
the worsening of the symptoms in the autoimmunity diseases due to the psychological stress.

The second part includes the chapter IV with the justification, the different hypothesis
and the description of the main objective and related specific objectives of each study that we
have performed in this thesis.

The third part is composed of five chapters (V, VI, VII, VIII and 1X) and each includes
the empirical studies that have been performed. Chapter V shows a study on the methodology
to determine which of the two protocols of the Trier Social Stress Test (TSST) adapted to virtual
reality (screen or goggles) produces higher activation of the sympathetic nervous system (SNS)
and the hypothalamic-pituitary-adrenal axis (HPA) in healthy people. The objective of

validation between the two protocols was to check greater stress response and use it in the rest
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of the studies. The results showed that the TSST protocol adapted to virtual reality by screen
(TSST-VR) produced the greatest activation of the SNS and HPA axis.

Chapters VI and VII include the studies of the two influential variables: the first one
studied was the menstrual cycle phase, and the second the pharmacological treatment with
corticosteroids, which despite not being related to psychological stress, it can affect the
performance of the autoimmune patients. In this way, chapter VI includes a study of the possible
influence of the phases of menstrual cycle in the secretion of cortisol levels and so the HPA
axis. We studied in healthy women in different parts of the menstrual cycle obtaining the diurnal
patterns of cortisol in saliva and the same after TSST-VR. Results showed that the response
pattern caused by the stressful situation in the laboratory were higher for women in the luteal
phase in contrast with women during follicular phase, they did not have significant differences
in the daily cortisol levels. In chapter VII we studied the possible effects of the corticosteroids
treatment in cognitive flexibility (measured with the Trail Making Test) and the decision-
making (measured with the lowa Gambling Test) among SLE patients. Lupus patients with
corticosteroids treatment showed lower cognitive flexibility and worse decision-making in
comparison with lupus patients without corticosteroids treatment and healthy women.

Chapter VIII includes the study of the differences in the activation of the HPA axis in
women with autoimmune diseases (SLE, SS and SSc) and healthy women analyzing daily
salivary cortisol levels and cortisol levels of the last three months measured with the technique
of hair cortisol. The results showed that autoimmune women had significant higher levels of
both measures compared to healthy woman.

In chapter 1X we present the last study of the empirical study section. This final one
includes the rest and is the principal one of this PhD. Dissertation. In precedent studies we have
determined the methodology to be used, the most influential variables, level of activation of the

HPA axis of autoimmune patients in their daily life. So, this study analyzed the stress response
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to the level of the SNS (measuring skin conductance) and to the level of the HPA axis
(measuring salivary cortisol) in a laboratory situation (TSST-RV with screen projection), also
the daily levels of salivary cortisol were analyzed, to check all with healthy and autoimmune
women (SLE, SS, SSc) without corticosteroids treatment. These measures were used to
determine the presence of altered mechanisms in the response to the psychological stress that
can explain the worsening of the symptoms in patients with autoimmune diseases. The results
showed that the SNS activation was similar in healthy women and in the autoimmune patients,
but there were differences in the response of the HPA axis, both in the response pattern to
TSST-VR and daily cortisol patterns reflected in the cortisol levels in saliva.

The last section includes the chapter X, with the general discussion of the principal
findings obtained in the five studies of this thesis, highlighting the principal clinical
implications and the better understanding of the underlying mechanisms of stress in the
autoimmune diseases. Chapter XI summarizes the principal conclusions and future perspectives

of research.
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2. CONCLUSIONS
The main conclusions that we derive from the empirical studies showed in this Ph.D.
Dissertation are the following:

1. The methodology to determine which protocol of the TSST-VR is the most appropriate
to study the stress response in the laboratory, the TSST-VR with screen projection is the
recommended one, because it produces the greatest activation in the axis involved in
the stress response (SNS and HPA axis) both in men and women.

2. Taking into account the influential variables, the study 2 found that the variable
“menstrual cycle phase of the women” has a definite influence in the stress response
provoked in a laboratory situation. Specifically, women that are in the luteal phase of
the menstrual cycle showed the highest levels of cortisol in saliva opposed to women in
the follicular phase of the cycle. However, the daily levels of cortisol in saliva are not
determined by the phases of the menstrual cycle.

3. Studying the “corticosteroid treatment” variable. We can conclude that the
pharmacological treatment with corticosteroids affects the cognitive flexibility and the
decision-making in women with lupus. Thus, we have to take care that there exists more
secondary effects in the corticosteroids treatment that, in an indirect form, affects the
stress response.

4. Relating stress and autoimmune, from the studies 4 and 5 we reach the following
conclusions. In the study 4 women with SLE, SS and SSc had higher levels of hair
cortisol (chronic stress) and salivary cortisol (daily stress) than healthy women. In the
study 5, we checked for differences in the pattern of stress response with autoimmune
patients and healthy women. Specifically the stressful situation in laboratory (TSST-
VR), women with SLE, SS and SSc showed different patterns of response compared

with healthy women, with a desynchronization between the SNS and the HPA axis.
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Thus, women with autoimmune disease showed similar activation of the sympathetic
nervous system compared with healthy women. Nevertheless, the activation of the HPA

axis was different in autoimmune women.

3. FUTURE PERSPECTIVES
The principal future perspectives of research derived from this Ph.D. dissertation are the

following:

1. To study other hormones as prolactin, the erythrocyte sedimentation rate (ESR), the
dehydroepiandrosterone and the a-amylase, to explain the differences of the stress
response patterns and the daily cortisol patterns between women with SLE, SS and SSc.

2. To check the implication of the immune mediators as the cytokines IL-6, IL-4 and IL-
10 in the worsening of the symptoms of patients with SLE, SS, SSc due psychological
stress.

3. Since the diagnosis of the autoimmune disease to check the cortisol levels (every 3
months) for predict and prevent the worsening of the symptoms, at the same time, to
check the role of psychological stress as the eliciting factor in the autoimmune diseases.

4. To evaluate if the patients with SS and SSc neuropsychological impairment due
corticosteroids treatment such us the SLE patients.

5. To perform neuropsychological evaluations autoimmune patients since the diagnosis of
the disease. To realize neuropsychological rehabilitation, in the case of patients with
corticosteroid treatment and with deterioration.

6. To development effective psychological coping stress therapies to decrease the self

perceived stress and the daily stress, nevertheless to regulate cortisol levels in
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autoimmune patients with the aim of decrease the risk of peaks in the disease elicited
by the psychological stress.

7. To perform the studies in men with SLE, SS and SSc, despite the prevalence of these
diseases is low in men, it is equally important to threat it from a psychological point of

view to adapt better to the evolution of the disease.
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Abstract Virtual reality adaptations of the Trier Social Stress
Test (TSST-VR) constitute useful tools for studying the phys-
iologic axes involved in the stress response. Here, we aimed to
determine the most appropriate experimental approach to the
TSST-VR when investigating the modulation of the axes in-
volved in the stress response. We compared the use of goggles
versus a screen projection in the TSST-VR paradigm. Forty-
five healthy participants were divided into two groups: the
first one (goggles condition; 13 females, 11 males) wore gog-
gles while performing the TSST-VR; the second (screen con-
dition; 15 females, six males) was exposed to the TSST-VR
projected on a screen. Sympathetic reactivity to stress was
measured by continuously recording skin conductance (SC),
while the hypothalamic-pituitary-adrenal axis (HPA) was
evaluated by sampling salivary cortisol throughout the exper-
iment. At the end of the task, there was an increase in SC and
cortisol level for both means of delivering the TSST-VR, al-
though the increase in SC was greater in the goggles
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condition, while salivary cortisol was comparable in both
groups. Immersion levels were reportedly higher in the screen
presentation than in the goggles group. In terms of sex differ-
ences, females experienced greater involvement and spatial
presence, though comparatively less experienced realism, than
their male counterparts. These findings help us determine
which protocol of the TSST-VR is most suitable for the stress
response under study. They also emphasize the need to con-
sider the sex of participants, as males and females show dis-
tinct responses in each protocol.

Keywords TSST - Virtual reality -
Hypothalamic-pituitary-adrenal axis - Sympathetic
activation - Salivary cortisol

Introduction

The Trier Social Stress Test (TSST) is an experimental para-
digm used as a tool in investigating the psychobiologic stress
response in the laboratory, as it activates the hypothalamic-
pituitary-adrenal axis (HPA) (Kirschbaum, Pirke, &
Hellhammer, 1993). The response is reflected in an increase
in heart rate, blood pressure, and adrenaline and cortisol
levels, as well as in a negative effect on mood (Al’Absi
et al., 1997; Nicolson, Storms, Ponds, & Sulon, 1997). In
the traditional TSST, as proposed by Kirschbaum et al.
(1993), participants have to prepare a speech, claiming they
are suitable for a given job appointment, articulate the speech
in front of an audience, and subsequently complete an arith-
metic task in public. The audience is generally composed of
people who had been previously trained in neutral verbal and
non-verbal behaviors (Foley & Kirschbaum, 2010).
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Vinkers et al. (2013) recorded psychophysiologic variables
to investigate the effects of stress on core and peripheral body
temperature in humans. They used the TSST and obtained
distinct response patterns in men (i.e., increased cheek tem-
perature) and women (i.e., decreased nasal skin temperature).

The original TSST has been utilized, since its inception, to
measure stress reactivity in diverse populations such as chil-
dren (TSST-C; Buske-Kirschbaum et al., 1997), middle-aged
adults (Fiocco, Joober, & Lupien, 2007), and retired people
(Kudielka et al., 1998), as well as in various pathologies, such
as psychiatric patients (Brenner et al., 2009), metabolic syn-
drome (Chrousos, 2000), systemic hypertension (Esler et al.,
2008), systemic lupus erythematosus (Pawlak et al., 1999;
Santos-Ruiz et al., 2010), and myalgias (Sjors et al., 2010).
Likewise, the TSST has been used to test the relationship
between stress and a variety of psychologic variables, such
as depression (Parker, Schatzberg, & Lyons, 2003), social
anxiety (Shirotsuki et al., 2009), and personality traits
(Kirschbaum, Bartussek, & Strasburger, 1992; Pruessner
etal., 1997).

The adaptation of the TSST into a virtual reality (VR) en-
vironment elicits a significant physiologic response, thus solv-
ing some of the common TSST limitations that come from
constraints both in the design of different environments or
set-ups and from the assembling of acceptably large audiences
for each experimental session, given that the magnitude of the
stress response depends in part on the size of the audience. An
additional limitation results from the cost of TSST implemen-
tation, as it is necessary to have separate rooms for experimen-
tal subjects and audiences, a certain time is spent in training
audience participants to show neutral behaviors in re-
sponse to subjects’ performance, and audiences may be
unreliable and show distinct behaviors between one par-
ticipant and another. Therefore, it would seem that the
TSST in the virtual environment constitutes a viable
alternative to the usual forms of presentation of stress
tasks (Kotlyar et al., 2008).

Virtual reality tasks are increasingly used in the laboratory
setting, given their convenience and efficacy in providing
three-dimensional (3D) computerized environments and set-
ups with which to study various pathologies and their associ-
ated responses (e.g., stress). In reviewing recent research on
the application of VR to the treatment of mental disorders,
Malbos, Boyer, and Lancon (2013) concluded that there was
sufficient evidence to attest to the efficacy of this methodolo-
gy in the assessment and treatment of distinct mental
disorders.

In a related investigation, Kelly, Matheson, Martinez,
Merali, and Anisma (2007) utilized the TSST-VR, as deliv-
ered by Virtually Better Inc., Atlanta, GA, in which a previ-
ously recorded virtual audience was presented in 3D. Results
indicated that giving a speech and carrying out an arithmetic
task in front of a virtual audience produced a significant
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increase in salivary cortisol (30 %), even though the increase
was greater when both tasks were conducted in front of a real
audience (90 %).

In their study, Kotlyar et al. (2008) demonstrated that the
TSST-VR resulted in a physiologic response with significant
increases observed in response to each stress task in systolic
and diastolic blood pressure and heart rate, a finding that sug-
gests the TSST-VR constitutes a viable alternative to previous
TSST methodologies, with the additional advantages of re-
ducing variability in the mode of presentation, and decreasing
human and financial costs.

Several studies have used the TSST-VR in recent years. For
instance, Jonsson et al. (2010) used a CAVE™ system devel-
oped at the Electronic Visualization Laboratory of the
University of Illinois in Chicago, which facilitates total im-
mersion by means of a VR room, a head-tracking system, and
passive stereoscopy. This study’s main results center on the
habituation of the various measures of sympathetic activity
obtained in response to the second implementation of the
TSST-VR. On the first performance of the TSST-VR there
was an 88 % increase of salivary cortisol with respect to base-
line levels, which was habituated in the second session.

Another version of the TSST-VR was implemented by
Santos Ruiz et al. (2010) by projecting a 3D virtual audience
onto a screen. Results showed that this version of the TSST-
VR resulted in significant sympathetic activation, as well as
activation of the HPA axis in the majority of participants. It
was, therefore, concluded that this form of the TSST-VR stim-
ulated the main axes involved in the stress response.

Given the results obtained to date, it seems that the TSST-
VR constitutes a useful technique in the study of the activation
of the basic axes involved in the stress response. Considering
the advantages of this way of presenting the TSST paradigm,
it would be beneficial to further investigate which
methodologic variations produce greater or lesser immersion
in the virtual environment, as we hypothesize that the level of
immersion will determine the level of activation of the phys-
iologic axes involved in the stress response. Additionally, it
would be worthwhile to explore whether there are sex differ-
ences in the stress response brought about by the TSST-VR, as
traditional TSST studies have shown that this task results in
larger increases of salivary cortisol in men than in women
(Foley & Kirschbaum, 2010; Kirschbaum et al., 1993;
Williams, Hagerly, & Brooks, 2004).

Annerstedt et al. (2013) carried out a pilot study in which a
VR environment was used with two distinct objectives; first,
producing physiologic stress by means of the TSST-VR, and,
secondly, comparing physiologic recovery in different virtual
environments after inducing the stress response. Their results
showed that the TSST-VR activates the HPA axis and that
recovery from the induced stress response varied as a function
of the type of virtual environment to which participants were
exposed.
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Previous studies of the TSST in the virtual environment
have differed in the way they projected 3D images, with some
projecting images onto a screen and others using 3D goggles.

Morina, Brinkman, Hartanto, and Emmelkamp (2014) ex-
amined levels of anxiety and sense of presence during expo-
sure to two types of virtual environments: a head-mounted
display (HMD) with motion tracker and stereoscopic view,
and a one-screen projection-based VR display. Their results
suggest that both VR displays were equally effective in evok-
ing moderate levels of anxiety, although the HDM display
appeared to produce a stronger sense of presence.

We have explored the potential differences between studies
of the TSST-VR paradigm that have used goggles and those
that have used a projection screen, and it appears that none of
them show a conclusive advantage of using one method over
the other in terms of activating the axes of the stress response.
Thus, our objectives were twofold. First, we aimed to inves-
tigate which of two TSST-VR protocols induced greater sym-
pathetic activation, as measured by skin conductance, and
HPA axis activation, as measured by secretion of salivary
cortisol. Both protocols included a 3D virtual audience but,
while one was presented on a large screen, the other was
presented by virtual goggles. A second objective in this study
was to examine whether there were sex differences in the
activation of either axis, as is the case in the traditional
TSST, and whether they differed according to the two TSST-
VR protocols.

Method
Participants

Forty-five students attending the University of Granada
volunteered their participation in this study. They were divid-
ed into two groups, according to which protocol of the TSST-
VR was used: 3D goggles or a large screen projection. The
goggles group included 13 females and 11 males, with a mean
age of 21.9 years (SD = 5) and 14 years of schooling on
average (SD = 0). The screen group contained 15 females
and six males, with a mean age of 20.4 years (SD = 1.25)
and 14 years of schooling on average (SD = 0).

The following were the exclusion criteria, adopted because
of their potentially negative effect on cortisol levels (Williams
et al., 2004): hypertension, heart disease, obesity, clinical di-
agnosis of depression or anxiety, personality disorders, and
substance use (i.e., amphetamines, methadone, barbiturates,
or muscle relaxants). We also recorded sleep duration and
excluded any participant that had not slept a minimum
of 4 hours on the night prior to the experiment.
Participants provided data on sleep duration as part of
the semi-structured interview.

On arrival at the laboratory, participants were given infor-
mation about the experiment and asked to sign an informed
consent form approved by the Ethics Committee of the
University of Granada and performed according to the recom-
mendations of the Declaration of Helsinki. Immediately after-
wards, they were administered the semi-structured interview.

Instruments

The questionnaires below provided meaningful covariates that
could be used in statistical analyses of the psychophysiologic
measures and cortisol.

Semi-structured interview Including sociodemographic data,
daily life and sleep habits, medication, menstrual cycle, and
history of psychiatric or psychologic treatment.

Stress Vulnerability Inventory (SVI) (Beech, Burns, &
Scheffield, 1986; Spanish adaptation, validated by Robles-
Ortega, Peralta-Ramirez, & Navarrete-Navarrete, 2006). This
instrument consists of 22 items and evaluates the individual’s
predisposition to be affected by perceived stress. The Spanish
adaptation by Robles-Ortega et al. (2006) shows a Cronbach’s
alpha of 0.87. As for convergent validity, the results show a
significant positive correlation (p < 0.01) with the following
assessment scales: STAI-R, Beck Depression Inventory,
Somatic Symptom Scale, and Survey of Recent Life
Experiences (SRLE).

Perceived Stress Scale (PSS) (Cohen, Kamarak, &
Mermeistein, 1983; Spanish adaptation by Remor &
Carrobles, 2001) The PSS is a self-report scale used to evalu-
ate perceived stress level and the degree to which people find
their lives unpredictable, uncontrollable, or overwhelming
(aspects that contribute to stress). It consists of 14 items with
five response alternatives. The highest score corresponds to
the highest perceived stress level. The Spanish version of the
PSS (14 items) has adequate reliability (internal consistency =
0.81 and test-retest =0.73), concurrent validity, and sensitivity
(Remor, 2006). Here, we have considered those scores over 22
(i.e., the mean score for the Spanish population; Remor &
Carrobles, 2001) as reflecting high levels of perceived stress.

SCL-90-R Symptoms Inventory (Derogatis, 1994; Spanish ad-
aptation by Gonzalez de Rivera & De las Cuevas, 1988) We
used this instrument to rule out potential psychopathology in
the participants. This self-report questionnaire was developed
to assess symptoms of psychopathology and includes 90 items
with five response alternatives (0—4) on a Likert scale.
Subjects respond according to how they have felt within the
past seven days, including the day the inventory is adminis-
tered. The inventory is scored and interpreted according to
nine main dimensions (somatization, obsessive-compulsive
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symptoms, interpersonal sensitivity, depression, anxiety, hos-
tility, phobic anxiety, paranoid ideation, and psychoticism)
and three global indices of psychologic distress (Global
Severity Index [GSI], Positive Symptom Total [PS], and
Positive Symptom Distress Index [PSDI]). In this study, we
analyzed these last three global indices. This instrument is
thought to have satisfactory reliability and validity (De las
Cuevas et al., 1991).

Igroup Presence Questionnaire (IPQ; Schubert, Friedmann,
& Regenbrecht, 2001) The IPQ is used to measure the sense
of presence experienced in a virtual environment. The ques-
tionnaire was used to rule out the possibility that potential
differences between groups could be attributable to variations
in the sense of presence experienced by participants within the
virtual environment. IPQ responses range from —3 (=totally
disagree) to + 3 (=totally agree). The IPQ includes a total of 14
items, consisting of a global scale (with scores between —3
and 3) and three subscales: spatial presence (i.e., the sense of
being physically present in the virtual environment), with
scores between —15 and 15; involvement (i.e., the attention
devoted to the virtual environment and the degree of involve-
ment experienced), with scores between —12 and 12; and ex-
perienced realism (i.e., the subjective experience of realism in
the virtual environment), with scores between —12 and 12.
Reliability data are not yet available for the Spanish
population.

Virtual reality version of the Trier Social Stress Test (TSST-
VR) This is a virtual-reality adaptation of the traditional
TSST. It includes a computer program that enables the design
of a 3D audience, which can be projected into a set of VR
goggles (eMagin Z800 3DVisor) with a viewing equivalent of
a 105-in diagonal movie screen viewed at 12 ft, with a 40°
field of view and stereoscopic image with a 800 x 600 triad
pixels per display (http:/www.3dvisor.com/) connected to a
computer or, alternatively, can be projected onto a screen.

Pertaub, Slater, and Barker (2002) showed that participants
that are exposed to three virtual audiences whose behavior is
different toward the speaker (i.e., neutral, positive, or nega-
tive) generate distinct responses in the speaker. In the present
study, all participants were exposed to the same type of audi-
ence, in identical VR and protocol conditions. Presentations
were all stereoscopic, since Ling, Brinkman, Nefs, Qu, and
Heynderickx (2012) had shown that stereoscopic VR presen-
tations improved the sense of spatial presence in the case of
public speaking. Sound volume and audience behavior were
the same for all presentations.

World Viz (http://www.worldviz.com/industries/academic/
neuroscience#Starter Kit) was adopted as the software of
choice, as it provides VR environments that can be
integrated with fMRI signals, biologic responses, motion-
tracking input, and 3D rendering. The Vizard program, with
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its high-level scripting language, affords the creation of inter-
active 3D content and the integration of biologic signals.

The screen was 2.21 m wide and 2.30 m high, with a 44°
field of view and stereoscopic image of 1600 x 1200 triad
pixels per display and a distance of 1.75 m from the
participant.

Both VR delivery protocols require that participants wear
earphones to listen to the sounds coming from the virtual
environment, as well as a microphone to mislead them into
thinking that their speech will be recorded and thus enhance
the threatening effect of the social evaluation component and
the participants’ level of psychosocial stress. Once the partic-
ipants were ready to start the experiment, they were informed
that the task included four different phases. During the 3-min
initial phase, participants were instructed to relax and remain
still. This phase was designated as the period of psychophys-
iologic adaptation to the virtual environment (baseline of skin
conductance). Under both experimental conditions, partici-
pants were seated. In the Screen Projection condition, they
faced a screen showing a 3D image of a stage curtain, while
in the Goggles condition, the same image was projected by
means of virtual goggles. The second phase, labeled the an-
ticipatory stress period, lasted 5 min, during which partici-
pants were required to prepare a speech, describing their pos-
itive and negative traits, to be delivered in front of the virtual
audience. The third phase, also of 5 min in duration, was
called the speech delivery period. During this period, the cur-
tain came up, the virtual audience appeared (Fig. 1), and par-
ticipants had to begin delivering their speeches. They were
instructed to speak for the entire 5 min without interruption
and attend to the form and content of the speech, as
they would greatly determine the audience’s response
to their speech. The end of the speech constituted the
beginning of the last phase of the stressful task, the
arithmetic task, based on the Paced Auditory Serial
Addition Test (PASAT) in which participants were asked
to add two consecutive numbers (i.e., the number they just
heard and the one that just preceded it), delivered by means
of an auditory recording.

Fig. 1 Three-dimensional virtual audience as projected onto a large
screen


http://www.3dvisor.com/
http://www.worldviz.com/industries/academic/neuroscience%23Starter_Kit
http://www.worldviz.com/industries/academic/neuroscience%23Starter_Kit
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Procedure

The study was scheduled according to the diurnal cortisol
curve, between 3:00 pm and 6:00 pm, when levels of salivary
cortisol are more stable. Although cortisol levels are reported-
ly stable between 2:00 pm and 4:00 pm (Kudielka &
Kirschbaum, 2005), Spanish metabolic and circadian rhythms
could differ from those of other European countries, due to the
greater number of light hours and the distinctive schedule of
meals. Therefore, following a pilot study, Santos-Ruiz et al.
(2010) determined in a Spanish sample that cortisol levels
were stable between 3:00 pm and 6:00 pm, so all participants
were tested in the afternoon, within this temporal window.

Once the participants arrived at the laboratory, they were giv-
en information about the experiment and a consent form to be
read and signed. Afterwards, they were interviewed and complet-
ed the following questionnaires: SV, PSS, and SCL-90-R.

Next, participants were fitted with electro-dermal elec-
trodes to record their skin conductance responses at various
time intervals (see assessment of the sympathetic reactivity
section below).

Immediately afterwards, the TSST-VR was explained to
the participant, the first salivary cortisol sample (pre-exposure
cortisol) was collected and the stressful task was started (an-
ticipatory stress, a situation of speech delivery and arithmetic
task). Right after the end of arithmetic task, the second cortisol
sample (post-exposure cortisol) was collected and the degree
of immersion into the VR environment was assessed by ad-
ministering the IPQ. Ten and 20 min later, the third (post-
exposure cortisol +10°) and fourth (post-exposure cortisol +
20°) cortisol samples, respectively, were taken. Participants
were given interior design magazines to leaf through in the
interval between the third and fourth drawing of salivary cor-
tisol. A diagram of the protocol of the TSST-VR is shown in
Fig. 2.

At the end of the experiment, participants are told that their
speech has not been recorded and that the objective of the
procedure was to elicit a stress response and not to have their
performance evaluated in the speech and arithmetic tasks.

Assessment of the physiologic axes involved in the stress
response

Assessment of the sympathetic reactivity Skin conductance
was recorded by means of two standard-size Ag/AgCl electrodes,
with isotonic electrolyte gel placed on the palm of the non-
dominant hand. Subsequently, data were recorded during visual-
ization of the virtual scenarios, and consisted of a 3-min baseline
period prior to the TSST-VR (period of psychophysiologic ad-
aptation to the virtual environment) and continued recording
throughout the anticipatory stress (5 min) and speech delivery
(5 min) periods. Recording of skin conductance ended right after
the conclusion of the speech delivery task (see Fig. 2). Since one

of the aims of the study was to test the sympathetic reactivity
evoked during the speech delivery task under the two experimen-
tal conditions, we chose to record measures of skin conductance
because they provided a measure of sympathetic reactivity dur-
ing the speech delivery task that was faster than that of the HPA
axis in the presence of threatening stimuli.

Assessment of the hypothalamic-pituitary adrenal axis
(HPA) Collection of salivary cortisol samples was performed
using Salivette® Cortisol (Sarstedt, Numbrecht, Germany,
Ref.51.1534), which consists of two small tubes, one of them
containing a small piece of cotton. Participants chewed the cotton
for about 60 s, after which it was introduced into the salivette for
analysis. Samples were analyzed at the San Cecilio University
Hospital, using the electrochemiluminescence immunoassay
“ECLIA” method. This method is designed for use in Roche
Elecsys 1010/2010 automated analyzers and in the Elecsys
MODULAR ANALYTICS E170 module. Salivary cortisol sam-
ples were obtained at four collection times in the study: pre-
exposure cortisol, post-exposure cortisol, post-exposure cortisol
+ 10 min and post-exposure cortisol +20 min.

Statistical analyses

Initially, Student’s #-tests were used to check for differences
between groups (goggles vs. screen) in terms of
sociodemographic (age and education level), and psychologic
(SV, PSS, and SCL-90-R) variables. Chi-square analyses were
performed to check for differences between groups in sex, use
of tobacco, and contraception.

Next, we conducted a 2 x 2 x 2 ANCOVA in order to test
for differences in conductance between the two types of VR
presentation protocols (goggles vs. screen), the sexes (males
vs. females), and the time of data acquisition (anticipatory
stress vs. speech delivery). Baseline levels of conductance
for each participant were used as a covariate.

Additionally, we carried out a 2 x 2 x 3 ANCOVA to
analyze if there were significant differences in cortisol levels
associated with the two types of VR protocols (goggles vs.
screen), the sexes (males vs. females), and the time of cortisol
sampling (post-exposure, post-exposure +10 min and post-
exposure +20 min). Pre-exposure levels of cortisol for each
participant were used as a covariate.

The Greenhouse-Geisser correction was applied to all anal-
yses involving repeated measures and sphericity violations.
Also, in the case of cortisol responses, Bonferroni post-hoc
analyses were conducted when analyzing within-group differ-
ences across time during the experimental session.

When significant Group x Sampling Time interactions
were found, follow-up Student’s #-tests were carried out to
determine whether there were differences in either skin
conductance or cortisol level between groups at each
sampling time.
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Fig. 2 Diagrammatic representation of the protocol of a virtual reality
adaptation of the Trier Social Stress Test (TSST-VR). Note: SVI: Stress
Vulnerability Inventory; PSS: Perceived Stress Scale; TSST -VR: Trier
Social Stress Test adapted to Virtual Reality; Pre-cortisol: pre-exposure

Finally, we conducted a 2 x 2 ANOVA that included the
type of VR protocol (goggles vs. screen) and sex (males vs.
females) to analyze the four subscales of the IPQ: global,
spatial presence, involvement, and experienced realism.
Significant interactions were further examined by means of
Student’s #-tests. Further, correlation analyses were used to
test the relationship between the stress variables (PSS and
SVI) and the IPQ.

>

cortisol; Post-cortisol: post-exposure cortisol; Post +10 cortisol: cortisol
at 10 min after exposure; Post +20 cortisol: cortisol at 20 min after expo-
sure; SC: skin conductance; IPQ: Igroup Presence Questionnaire; SCL-
90-R: Symptom Checklist SCL-90-R

Results
Sample description

Sociodemographic and psychologic data for the partici-
pants can be found in Table 1. Results showed signifi-
cant statistical differences between type of protocol in
the PSS, with the screen group scoring higher than the goggles

Table 1 Means (M) and standard deviations (SD) of sociodemographic and psychologic variables for the participants in both groups
Variables Groups Analyses
Goggles M + SD Screen M + SD t/x> P
Age (years) 219+5 204 £1.25 1.36 0.181
Education Level (years) 14 +0.00 14 +0.00 -1.07 0.290
Sex (%, X%
Males 4583 % 25 % 1.4 0.230
Females 54.17 % 75 %
Smoking (%, x°)
Males 2727 % 0% 2.7 0.100
Females 30.77 % 6.5 %
Contraceptives (%, X°) 433 % 1.3% 2.6 0.140
Perceived Stress Scale 20.08 £10.03 26.90 £5.15 -2.81 0.007*
Stress Vulnerability Inventory 491+3.92 6.62 £4.07 -143 0.161
Symptom Checklist SCL-90-R
Somatization 54.20 £ 11.39 55.52+6.83 —0.46 0.647
Obsessions and compulsions 58.96 £9.32 61.71+6.02 -1.16 0.253
Interpersonal sensitivity 57.96 +£12.99 59.81+7.51 -0.57 0.569
Depression 48.56 + 14.30 54.09 + 6.03 -1.65 0.107
Anxiety 52.87 +10.21 54.38 +7.89 —0.55 0.587
Hostility 50.37 £ 11.40 52.05+8.13 —0.56 0.579
Phobic anxiety 4371 £13.12 42.19+9.23 0.44 0.660
Paranoia 57.50 +10.09 55.38 +£8.76 0.75 0.459
Psychoticism 52.62 + 14.11 53.95 +8.50 -0.37 0.709

Note: x*: Chi-square analysis; ¢ : Student’s #test value; *p < 0.05
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group. Thus, PSS scores were added as covariate in the fol-
lowing analyses.

Sympathetic reactivity: Skin conductance

Results showed a main effect of type of VR protocol [F(1,42)
= 4.440; p = 0.041], with the goggles condition evoking
higher sympathetic activity overall.

A significant interaction between type of VR protocol and
assessment time [F(1,42) = 3.959; p = 0.050] revealed a higher
activation between anticipatory stress (M = 2.85; SD = 1.95)
and speech delivery (M =3.81; SD =2.72) in the goggles group
than in the screen group (anticipatory stress: M = 2.98; SD =
1.20; speech delivery: M = 3.34; SD = 1.10) Fig. 3.

Activation of the hypothalamic-pituitary-adrenal axis (HPA):
Salivary cortisol

In terms of HPA axis activation, there was no evidence of any
main effect or an interaction between the level of activation of
the HPA axis and the type of TSST-VR protocols, goggles or
screen projection, at any of the cortisol extraction times.

Finally, results showed that there was no interaction be-
tween sex and cortisol secretion levels, regardless of whether
the TSST-VR was presented by means of goggles or projected
on a screen.

Immersion in the virtual environment (IPQ)

Statistical analyses demonstrated statistically significant dif-
ferences in the involvement subscale of the IPQ as a function
of the sex of the participant (independent of VR protocol
used), with males (M = — 1.06; SD = 5.43) endorsing lower
levels of involvement than females (M = 2.92; SD = 3.50)
[F(1,42)=7.29; p=0.01].

On the experienced realism subscale, there was a signifi-
cant interaction between sex and type of TSST-VR protocol
[F(1,42) = 6.63; p = 0.014], such that males obtained higher

GOGGLES vs. SCREEN

e

’ v

@=@=Goggles

W= Screen

Skin Conductance (nS)

Anticipatory stress (5') Speech delivery (5')
A J/

Fig.3 Skin conductance for two protocols of (TSST-VR) delivery (Gog-
gles vs. Screen), recorded at two points in the experiment

scores than females only on the screen projection condition
(males: M = —1.66; SD = 2.16 vs. females: M = —4.26;
SD = 2.05). No significant differences were found on the
global and spatial presence subscales.

Significant correlations were found between scores on the
PSS and on the IPQ subscales involvement (r= 0.348; P
=0.02) and spatial presence (r =0.519; p <0.001). Similarly,
SVI scores correlated with those obtained on the IPQ sub-
scales involvement (r = 0.298; p = 0.049) and spatial presence
(r=10.428; p = 0.004).

Discussion

The objective of this study was twofold: firstly, we aimed to
determine which of two protocols of the TSST-VR, whether a
3D virtual audience projected onto goggles or a large screen,
produced greater sympathetic reactivity and activation of the
HPA axis. Secondly, we sought to find out whether males and
females showed distinct levels of activation of the sympathetic
nervous system and HPA axis in these two TSST-VR protocols.

In terms of activation of the HPA axis, we found no statistical
differences between the two TSST-VR protocols: goggles versus
screen. However, sympathetic reactivity, as measured by skin
conductance, did vary across presentation protocols, being higher
in the goggles projection condition than in the screen condition.
This effect could not be attributed to the level of immersion
associated with each of the experimental conditions.

Here, it is worth emphasizing that, although an adequate
level of immersion in the virtual environment seems indis-
pensable to activate the stress response axes, some studies
(e.g., Santos-Ruiz et al., 2010) have failed to find a significant
relationship between the HPA axis and the level of immersion
in the virtual environment. In the present study, we did not
find a significant relationship of the HPA axis and sympathetic
reactivity with the level of immersion in the virtual environ-
ment. In fact, although females obtained higher scores in the
involvement subscale of the IPQ, regardless of VR protocol,
there were no significant sex differences associated with HPA
axis activation and sympathetic reactivity. Similar results were
found with the screen protocol in male participants that, de-
spite obtaining higher scores on the experienced realism sub-
scale of the IPQ, did not show higher sympathetic activation
either. It seems that the goggles elicited significantly higher
conductance values overall, but this effect was not associated
with any subscale of the IPQ and did not vary across sexes.

On the other hand, these results are in agreement with the
recent study by Ling, Brinkman, Nefs, Qu, and Heyndericky
(2013) in which real-size screen presentations of a virtual
classroom were associated with a greater sense of presence
when compared to real- or reduced-size TV projections.

A positive correlation was found between stress levels (as
measured by the PSS and VSI) and the IPQ involvement and
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spatial presence subscales, independent of VR protocol used
(goggles or screen) or the participant’s sex. In other words,
those participants reporting higher stress levels were also more
likely to feel involved and spatially present during the task,
regardless of the manner in which the virtual audience was
presented. These results concur with those of Ling, Nefs,
Morina, Heynderickx, and Brinkman (2014), who found a
correlation between sense of presence and anxiety, but not
for sex or type of projection of the virtual environment (e.g.,
field of view, degree of freedom of the tracker, etc.). Since we
did not measure anxiety levels in the present study, we cannot
say whether a greater spatial presence leads to a higher level of
anxiety, but we did find that those participants with higher
levels of stress prior to the TSST-VR protocol showed a higher
level of involvement and a greater sense of spatial presence, as
measured by the IPQ.

The results showed sex differences in that females mani-
fested a greater degree of involvement than males, regardless
of the VR protocol used. In contrast, females exposed to the
3D audience of the TSST-VR by means of the screen projec-
tion manifested less experienced realism than males. Such sex
differences need to be considered in designing research that
uses VR methodologies, given that differences between males
and females could be erroneously attributed to distinct HPA
axis responses when, in fact, they are due to differences in the
degree of VR immersion of each gender. In fact, the two aims
of this study stemmed from results such as those reported by
Kotlyar et al. (2008), showing that the TSST-VR produces
sympathetic activation and engages the HPA axis. Similarly,
Kelly et al. (2007) concluded that the TSST-VR activates the
stress response and constitutes a useful tool in that it solves
some of the limitations associated with the traditional TSST.

In recent years, there have been reports of various investiga-
tions demonstrating the utility of the TSST-VR. Nevertheless,
despite common agreement on the suitability of the VR version
of this task in engaging the axes mediating the stress response,
certain controversial issues still remain. One of these issues
pertains to the presentation of the virtual environments that
are common to most. Some investigators have projected 3D
environments onto large screens (Santos-Ruiz et al., 2010),
while others have used goggles (Jonsson et al., 2009; Kelly
et al., 2007). Despite these differences, no study has contrasted
the various versions of the TSST-VR to detect which form of
presentation results in a greater response to the stress generated
by the task. Additionally, although it is well known that the
traditional TSST evokes more activation in males than in fe-
males (Foley & Kirschbaum, 2010; Hemmeter et al., 2005;
Williams et al., 2004), sex differences in response to the
TSST-VR have not been systematically studied. The results
obtained in this study provide some answers to these questions.

It should be noted, however, that use of the VR goggles
could have caused cybersickness, according to theories like
the Sensory Conflict Theory, the Poison Theory, and the
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Postural Instability Theory (La Viola Jr., 2000). Still, no mem-
ber of the goggle presentation group reported symptoms of
cybersickness, nor were there any indications of cybersickness
in the skin conductance records.

The present study has limitations that need to be taken into
account when considering the study and its findings. Firstly,
given that one of our objectives was to characterize sex dif-
ferences in the two versions of the TSST-VR used here, it
would have been desirable to have an equal number of males
and females. Likewise, it would have been preferable to count
on matched levels of perceived stress across groups at the
baseline level, since the initial differences could be selectively
influencing stress responses at both the sympathetic and HPA
axis levels.

In summary, our results appear to support the use of the
TSST-VR, whether it is delivered via goggles or via a large
screen projection, as a useful paradigm to investigate the mod-
ulation of the principal axes that intervene in the stress re-
sponse. More concretely, if the aim of the study is to specifi-
cally investigate one of the two axes, it seems that it would be
preferable to use a goggles protocol to activate the sympathet-
ic nervous system and projection of the 3D image onto a
screen to activate the HPA axis, particularly if participants
are mainly females. In investigating the stress response in both
axes and mostly with males, our results seem to favor the use
of the goggles protocol. Finally, if the study were to include
both stress response axes and both sexes, our findings would
indicate that the use of a 3D image projected onto a large
screen would be the recommended TSST-VR protocol.
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The aim of this study was to investigate the possible effects of corticosteroids in women with
systemic lupus erythematosus (SLE) in two processes of executive function: cognitive flexibil-
ity and decision-making. To that end, we evaluated 121 women divided into three groups: 50
healthy women, 38 women with SLE not receiving corticosteroid treatment and 33 women
with SLE receiving corticosteroid treatment. Cognitive flexibility was measured with the Trail
Making Tests A and B; decision-making was measured with the lowa Gambling Task.
Additionally, demographic (age and education level), clinical (SLE Disease Activity Index
(SLEDALI), Systemic Lupus International Collaborating Clinics (SLICC)/American College
of Rheumatology (ACR) Damage Index (SDI) and disease duration) and psychological char-
acteristics (stress vulnerability, perceived stress and psychopathic symptomatology) were eval-
uated. The results showed that both SLE groups displayed poorer decision-making than the
healthy women (p=0.006) and also that the SLE group receiving corticosteroid treatment
showed lower cognitive flexibility than the other two groups (p=0.030). Moreover, SLE
patients showed poorer scores than healthy women on the following SCL-90-R subscales:
somatisation (p =0.005), obsessions and compulsions (p =0.045), depression (p =0.004), hos-
tility (p =0.013), phobic anxiety (p =0.005), psychoticism (p =0.016) and positive symptom
total (p=0.001). In addition, both SLE groups were more vulnerable to stress (p =0.000).
These findings help to understand the effects of corticosteroid treatment on cognitive flexi-
bility and decision-making, in addition to the disease-specific effects suffered by women with
SLE. Lupus (2016) 0, 1-9.

Key words: Corticosteroids; executive function; flexibility; decision-making; systemic lupus

erythematosus (SLE)

Introduction

Patients with systemic lupus erythematosus (SLE)
show a diverse symptomatology that manifests on
both organic and neuropsychiatric levels. The
prevalence of SLE is slightly below 1:1000 in
women and is tenfold lower in men.'?

The decision to treat SLE with corticosteroids
depends on the symptomatology, activity and sever-
ity of the disease. However, while corticosteroid
treatment is indispensible for controlling the disease
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in some cases, it does produce adverse effects, some
of which can lead to major organ damage.'*>

The adverse effects of corticosteroid treatment
and organ damage in SLE patients have been
broadly studied and reviewed and reveal major
implications.”” A few of the most characteristic
side effects are adrenal damage (hypothalamic—
pituitary—adrenal suppression causes thyroid
dysfunction and sex hormone reduction), cardio-
vascular damage (hypertension or myocardial
infarction), bone fractures, infections, cataracts,
mood swings and sleep disorders.

The possible cognitive effects of corticosteroid use
have also been studied. The majority of these studies
have found no association between corticosteroid
use and cognitive deficits in SLE patients.® '* To
the best of our knowledge, only one study has
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identified corticosteroid use as a factor associated
with cognitive impairment in SLE. This study fol-
lowed SLE patients for three years, and made evalu-
ations every four months. These evaluations
included standard medical history, physical examin-
ations and cognitive testing. The results show that
prednisone use was a factor associated with
decreased cognitive function in SLE patients, as
well as the presence of positive antiphospholipid
antibodies, diabetes, increased depression and a
lower education level. A few of the processes mea-
sured by  Automated  Neuropsychological
Assessment Metrics (ANAM) were working
memory, attention, non-verbal memory and visuo-
spatial perception.'”

Possible cognitive impairment in SLE patients
has also been studied and associated with other
variables linked to the disease itself, or to the
patients’ psychological condition. The majority of
these studies did not find any association between
cognitive dysfunction and clinical characteristics
such as disease activity, disease duration and
neuropsychiatric manifestations.'® An association
was found, however, between psychological charac-
teristics, such as stress, anxiety and depression, and
cognitive impairment in SLE patients, namely with
total attention accuracy, immediate visual memory,
delayed visual memory and visual fluency, where
greater stress indicated dysfunction in these pro-
cesses. %18 Moreover, research findings show
that SLE patients with cognitive impairment had
affected verbal and visuospatial memory and visuo-
constructional abilities associated with neuro-
psychiatric ~ manifestations.  This  cognitive
impairment was not associated with disease activ-
ity, disease duration or corticosteroid use.'

Even though cognitive deficits and neuropsychi-
atric symptoms in SLE have been studied broadly,
the possible effects of corticosteroid use on other
aspects of executive function in SLE patients,
such as flexibility and decision-making, have not.
Various studies in other diseases do show an asso-
ciation, however, between corticosteroid use and
impairment in executive function (inhibition, work-
ing memory, shifting and planning),'” thus showing
that corticosteroid use does have negative effects on
working memory and the hippocampus, which in
some cases leads to cerebral atrophy, regardless of
dose and treatment duration or disease activity.?**!
Only one study has compared SLE patients receiv-
ing corticosteroid treatment with others not receiv-
ing corticosteroid treatment and healthy women.
They found that the patients receiving corticoster-
oid treatment have greater cerebral atrophy than
healthy women. Furthermore, SLE patients

Lupus

receiving corticosteroid treatment display more
severe cerebral atrophy than patients without SLE
who receive corticosteroid treatment, regardless of
dose or treatment duration.?

In spite of these approximations, the effects of
corticosteroid treatment on executive function in
SLE patients have not been studied. Therefore,
the aim of our research has been to study if cortico-
steroid use has any effects on cognitive flexibility
and decision-making in women with SLE when
compared with healthy women. We hypothesise
that women with SLE who receive corticosteroid
treatment will display poorer decision-making and
cognitive flexibility than women with SLE who do
not receive corticosteroid treatment and healthy
women.

Material and methods

Patients

One hundred and twenty-one women participated
in this study. They were divided in three groups.
Group 1 (HW) was composed of 50 healthy
women who were recruited via posters and the
internet; group 2 (SLE-CT) consisted of 38
women with SLE receiving corticosteroid treat-
ment; group 3 (SLE-noCT) included 33 women
with SLE not receiving corticosteroid treatment.
The inclusion criteria for the women with SLE
were to meet at least four ACR classification cri-
teria for diagnosis of SLE, to be over 18 years of
age, to be literate and to not present any psycho-
logical disorders or be taking any antidepressants,
hypnotics or narcoleptic drugs. Additionally, par-
ticipants from the SLE-noCT group had to have
not received corticosteroid treatment for at least
one year previous to the study. All the participants
with SLE were patients from the Systemic
Autoimmune Disease Unit (Internal Medicine
Service) at the University Hospital ‘Virgen de las
Nieves” and the Clinical Hospital ‘San Cecilio’ in
Granada, Spain. The inclusion criteria for the
healthy women comprising the control group were
the same as those for the SLE groups, except that,
additionally, they presented no mental or physical
illnesses. This information was obtained through a
brief semi-structured interview conducted when the
women contacted us to participate in the study.
The main socio-demographic, clinical (SLE

Disease Activity Index (SLEDAI), Systemic
Lupus International  Collaborating  Clinics
(SLICC)/American College of Rheumatology

(ACR) Damage Index (SDI) and disease duration)
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and treatment variables data were collected and
recorded from the women with SLE. All the
patients could at least read and write, and none
of them presented any associated mental illnesses
at the time of the study. All these patients and
the healthy women gave their signed informed
consent to take part in this study, which was
approved by the ethics committee at our hospital
and carried out in compliance with the Helsinki
Declaration.

Data collection

All instruments used in the study were adapted
versions validated in a Spanish population.

Trail Making Tests A and B (TMTA, TMTB)

This is one of five stand-alone tests from the Delis—
Kaplan Executive Function System (D-KEFS).**
Trail Making Tests A and B are timed tests of cog-
nitive flexibility and visual motor integration that
assess speed in processing information, attention
and cognitive flexibility. The score obtained after
dividing TMTB by TMTA produces the cognitive
flexibility index and is the best execution indicator
for the TMT.?> 8

lowa Gambling Task (IGT)

This computerized task has been used to assess
decision-making in a wide variety of studies.”
It simulates essential components of decision-
making common to everyday life, and the assess-
ment of rewarding and punishing events under
conditions of uncertainty and risk. In the task, sub-
jects must choose among four decks of cards. The
task is composed of five blocks, each comprising
twenty trials. Two decks provide a high and imme-
diate gain but great future losses (long-term loss),
while the other two decks provide lower immediate
gains but a smaller future loss (long-term gain). The
purpose of the task is to try to earn as much money
as possible and to incur minimal losses when it is
impossible to win. Initially, participants do not
know these deck characteristics, but the program
provides feedback about the consequences of each
choice made by the participants.®®

Stress Vulnerability Inventory (SVI)

The SVI consists of 22 items and evaluates the indi-
vidual’s predisposition to be affected by perceived
stress.>’  The Spanish adaptation shows a
Cronbach’s alpha of 0.87.3* As for convergent val-
idity, the results show a significant positive correl-
ation (p <0.01) with the following assessment
scales: STAI-R, Beck Depression Inventory,
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Somatic Symptom Scale and Survey of Recent
Life Experiences (SRLE).

Perceived Stress Scale (PSS)

The PSS is a self-report scale used to evaluate per-
ceived stress levels and the degree to which people
find their lives unpredictable, uncontrollable or
overwhelming (aspects that contribute to
stress).”** It consists of 14 items with five response
alternatives. The highest score corresponds to the
highest perceived stress level. The Spanish version
of the PSS (14 items) has adequate reliability
(internal consistency =0.81 and test-retest =0.73),
concurrent validity and sensitivity. Here, we have
considered those scores over 22 (i.e. the mean score
for the Spanish population) as reflecting high levels
of perceived stress.

SCL-90-R Symptoms Inventory

We used the SCL-90-R Symptoms Inventory™>*° to
rule out potential psychopathology in the partici-
pants. This self-report questionnaire was developed
to assess symptoms of psychopathology, and it
includes 90 items with five response alternatives
(04) on a Likert scale. Subjects respond according
to how they have felt within the past seven days,
including the day the inventory is administered.
The inventory is scored and interpreted according
to nine main dimensions (somatisation, obsessive—
compulsive symptoms, interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety, para-
noid ideation and psychoticism) and three global
indices of psychological distress (Global Severity
Index (GSI), Positive Symptom Total (PS), and
Positive Symptom Distress Index (PSDI)). In this
study, we have analysed these last three global indi-
ces. This instrument is thought to have satisfactory
reliability and validity.®

The SLE Disease Activity Index (SLEDAI)

The SLEDAI was used to assess lupus activity.?” It
consists of 24 descriptors with pre-assigned severity
weights. The total SLEDAI score can range from 0
(no activity) to 105 (maximum activity). The
SLEDALI has been shown to be sensitive to changes
in lupus activity measured by the treating
physician.

Systemic Lupus International Collaborating ~Clinics/
American College of Rheumatology (SLICC/ACR)
Damage Index (SDI)

The SDI is a physician-rated index that assesses
cumulative organ damage due either to the disease
or to complications of therapy.*® It includes 12
categories:  ocular, neuropsychiatric,  renal,
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pulmonary, cardiovascular, peripheral vascular,
gastrointestinal, muscular—skeletal, skin, premature
gonad failure, diabetes and cancer. Total scores
range from 0 (no damage) to 48 (maximum
damage).

Procedure

All the participants were scheduled individually at
the Mind, Brain and Behaviour Research Centre at
the University of Granada, Spain. Upon arrival at
the laboratory they gave their signed informed con-
sent. Their socio-demographic variables were then
collected before carrying out the executive function
tasks: the TMT (cognitive flexibility) and the IGT
(decision-making). Subsequently, the psychological
and stress tests were administered (SVI, SSP and
SCL-90-R). Each session lasted approximately
one and a half hours.

Statistical analyses

Results are presented as mean and standard devi-
ation. To begin, analysis of variation (ANOVA)
was used to examine socio-demographic differences
(age and education level) among the three groups
(healthy women, SLE patients receiving corticoster-
oid treatment and SLE patients not receiving cor-
ticosteroid treatment). Also, Student’s f-tests were
used to compare the clinical characteristics of
SLEDAI, SDI and disease duration between both
SLE groups. In addition, various ANOVAs were
carried out to analyse differences in psychological
variables (SVI, PSS and SCL-90-R) among all three
groups. The independent variables were the three
groups, namely, healthy women, SLE patients
receiving corticosteroid treatment and SLE patients

dependent variables were the scores on the SVI,
PSS, and the SCL-90 subscales.

Finally, one-way ANOVAs were administered
with the TMT (for cognitive flexibility) and the
IGT (for decision-making) in order to check for
any statistically significant differences in executive
function between the three groups. Education level
and SLEDAI were used as a covariate, as the
groups were not evenly weighted in these variables,
which can be closely tied to executive function.
Differences were considered significant when
p=0.05. Additionally, correlation analyses were
used to test the relationship between the psycho-
logical stress variables and executive function vari-
ables in each group, and correlation analyses were
used to test the relationship between the SLEDAI
and the cognitive performance variables.
Furthermore, Cohen’s coeflicients were calculated
to check the size effect in IGT and TMT between
the groups.

Results

Participants’ socio-demographic and clinical
characteristics

Socio-demographic and clinical data for the partici-
pants can be found in Table 1. The results showed
statistically significant differences in education level
and SLEDALI.

Psychological characteristics

Table 2 shows psychological characteristics for the
three groups. The results showed statistically sig-
nificant differences in SVI (p <0.001) among the

not receiving corticosteroid treatment; the  three groups. The SLE-CT group is the most
Table 1 Demographic and clinical characteristics in healthy women, SLE-noCT and SLE-CT
HW Mean SLE-noCT Mean SLE-CT Mean
Variable (SD) (n=50) (SD) (n=38) (SD) (n=33) p’ Post hoc
Age 36.30 (10.76) 38.63 (9.28) 34.33 (11.39) 0.225 -
Education, years 14.92 (3.14) 15 (3.32) 11.67 (3.55) 0.001° SLE-CT < SLE-noCT=HW
SLEDAI - 1.03 (1.28) 2.59 (3.17) 0.013*  SLE-CT > SLE-noCT
SDI - 0.22 (0.66) 0.38 (0.73) 0.370 -
Disease duration, years - 9.92 (8.63) 8.12 (5.92) 0.362 -
Prednisone dosage mg/day - - 6.35(2.74) - -

Prednisone duration treatment, years (%) -

<1 year (31.8 %)
>1 year (50 %)

<1 year: (4.2 %) - -
>1 year: (95.8 %)

Never: (18 %)

Immunomodulators (%) - -

33 3% - -

Data are expressed as mean (SD).
4p <0.05.
°p<0.01.
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vulnerable to stress (11.334+4.87), followed by
SLE-noCT (8.74£5.11) and finally by the healthy
women (5.96 £ 3.77).

There were significant differences in the SCL-90
R results for the healthy women when compared
with the SLE groups. Both SLE groups scored
higher than the healthy women in the following
sub-scales: somatisation (p=0.005), obsessions
and compulsions (p=0.045), depression
(p=0.004), hostility (»=0.013). In phobic anxiety
(p =0.005), psychoticism (p=0.016) and positive
symptom total (p=0.001) the SLE-CT group
scored higher than SLE-noCT and healthy women.

Executive function

The results showed statistically significant results
on the IGT (decision-making) between both SLE
groups and healthy women (p=0.006). Healthy
women (4.08 £20.38) scored higher on the deci-
sion-making task than SLE-CT (—7.13+18.62)
and SLE-noCT (—9.00 £23.35) (Figure 1). As the
negative value indicates, SLE patients show poorer
decision-making regardless of corticosteroid use.

Figure 2 shows the decision-making scores from
each of the five trials for the three groups.

Cohen’s coeflicient showed high effect on the
IGT between healthy women and SLE-CT
(d=0.67) and median effect between SLE groups
(d=0.50). Between healthy women and SLE-noCT
groups, it had no effect (d=0.19).

Regarding cognitive flexibility, the results
showed statistically significant differences on the
TMT B/A (cognitive flexibility) among the three

The effects of corticosteroids on cognitive flexibility and decision-making in women with lupus
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groups (p=0.030). SLE-CT (2.57£0.90) showed
poorer scores than SLE-noCT (2.18+0.65) and
healthy women (2.06 £+ 0.60) (Figure 3).

Cohen’s coefficient showed median effect on the
TMT B/A between healthy women and SLE-CT
(d=0.57) and between healthy women and SLE-
noCT (d=0.60). Between SLE groups it had no
effect (d=0.09).

Finally, no significant correlations were found
among psychological stress, psychopathology,
SLEDAI and SDI or the executive function
variables.

Discussion

The aim of this research was to investigate if cor-
ticosteroid use is associated with impairment in two

0 Decision-making: IGT

= TOTAL_IGT
HW  SL| CT S T

Execution
(=}

-10 -

Figure 1 Making decision total in healthy women, SLE-noCT
and SLE-CT.

Table 2 Psychological characteristics, in healthy women, and SLE-noCT and SLE-CT

Variable HW (n=50) SLE-noCT (n=38) SLE-CT (n=33) p Post hoc

Perceived Stress-Scale 22.68 (8.20) 26.32 (8.33) 26.56 (8.20) 0.052

Stress Vulnerability Inventory 5.96 (3.77) 8.74 (5.11) 11.33 (4.87) 0.001* SLE-CT > SLE-noCT > HW
Symptom Checklist SCL-90-R

Somatization 52.80 (9.31) 58.24 (8.01) 59 (10.11) 0.005° SLE-CT =SLE-noCT > HW
Obsessions and compulsions 55.40 (11.34) 59.65 (7.33) 60.62 (9.84) 0.045° SLE-CT =SLE-noCT > HW
Interpersonal sensitivity 54.12 (11.44) 53.65 (10.95) 57.92 (10.24) 0.266

Depression 49.30(10.30) 54.97 (9.12) 56.69 (11.08) 0.004° SLE-CT =SLE-noCT > HW
Anxiety 52.24 (9.72) 55.46 (8.27) 57.38 (10.10) 0.060

Hostility 48.72 (9.81) 54.41 (9.08) 54.62 (11.92) 0.013° SLE-CT =SLE-noCT > HW
Phobic Anxiety 43.20 (11.62) 45.43 (12.86) 53.12 (12.82) 0.005° SLE-CT > SLE-noCT =HW
Paranoia 53.72 (12.91) 52.86 (11.97) 50.92 (10.30) 0.603

Psychoticism 48.72 (13.19) 53.73 (11.07) 56.96 (11.66) 0.016° SLE-CT > SLE-noCT =HW
Global Severity Index 42.40 (8.13) 43.57 (3.54) 45.12 (5.65) 0.214

Positive Symptom Distress Index 55.36 (12.23) 60.70 (9.18) 59.85 (10.31) 0.055

Positive Symptom Total 45.58 (9.20) 48.92 (7.73) 53.62 (10.07) 0.001* SLE-CT > SLE-noCT =HW

Data are expressed as mean (SD)
ip<0.01.
°p<.0.05
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Decision-making: IGT
3
2
1
g
= 0
=
3
= -1
=
-2
-3
-4
Essay 1 Essay 2 Essay 3 Essay 4 Essay 5
=@—SLE-CT -2.52 -1.81 -0.68 -0.9 -1.23
SLE-noCT -2.53 -0.64 -3.11 -1.84 -0.95
= HW -1.72 -1.01 0.76 2 2.64

Figure 2 Decision-making in healthy women, SLE-noCT and SLE-CT.

3 Flexibility: DIVISION_TMT
= TMTB/A

g2
=
E
> 1

0

HW SLE-noCT SLE-CT

Figure 3 Cognitive flexibility in healthy women, SLE-noCT
and SLE-CT.

processes of executive function, namely, cognitive
flexibility and decision-making.

To this end, women with SLE receiving cortico-
steroid treatment, women with SLE not receiving
corticosteroid treatment and healthy women were
evaluated by testing cognitive flexibility and deci-
sion-making by using the Trail Making Test and
the Iowa Gambling Task, respectively, while con-
trolling for other variables such as the socio-demo-
graphic, clinical and psychological characteristics
as well as disease-specific variables.

The results showed that women with SLE make
poorer decisions than healthy women, regardless of
corticosteroid use. This conduct, therefore, cannot
be attributed to the medication. Notwithstanding,
when comparing women with SLE receiving cor-
ticosteroid treatment with others who are not and
with healthy women, a statistically significant dif-
ference does exist, namely that the first group
scores the lowest. These results are in line with

Lupus

another study in which SLE patients scored
higher than the control group on the TMTA and
TMTB, thus displaying worse task execution.'!
This also supports various studies reporting that
corticosteroid use decreases both declarative and
working memory. Furthermore, there are cases of
atrophy in the hippocampus.*'*** All these effects
are reversible by lowering the dose or stopping cor-
ticosteroid treatment altogether.*”-*°

The results show lower decision-making scores
for both SLE groups. Consequently, we can infer
that it is the disease itself and its effects on the
nervous system that may be affecting poor task exe-
cution. On the other hand, factors such as disease
activity could also be affecting these results. This
parameter, however, did not correlate with deci-
sion-making or cognitive flexibility in our study.
Therefore, decision-making cannot be attributed
to disease activity. In this regard, our data coincide
with those of other studies reporting that SLEDAI
is not a predictive factor of cognitive deficit in
SLE** It is related indirectly, however, as
SLEDALI is a marker of lupus activity, which in
some instances requires corticosteroids, a treatment
component used for decreasing disease activity.
Therefore, controversy remains regarding an asso-
ciation between co%nitive impairment and markers
of disease activity,'"* as some studies find an asso-

ciation,''*® while others,
not 434447

such as ours, do

Regarding psychological conditions, there were
differences in the majority of the stress and
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psychopathic symptoms variables between the
women with SLE and the healthy women. These
results can be expected, however, because individ-
uals suffering from a chronic disease experience
pain, disability, major side effects from treatment
and unpredictable aggravation of the disease, all of
which can be extremely stressful and produce anx-
iety and depression. These results are consistent with
other studies that report stress, anxiety and depres-
sion as possible factors that deteriorate symptom-
atology and quality of life in SLE patients.!”- 84849

When considering the present study and its find-
ings, there are a few limitations that need to be
taken into account. This is the first study to analyse
the effects of corticosteroids on executive function
in women with SLE. In future studies more execu-
tive function parameters should be included with a
similar sample, such as behaviour production,
working memory, planning and inhibition, in
order to assess if there are differences in the remain-
ing executive function processes between women
with SLE who receive corticosteroid treatment
and others who do not receive corticosteroid treat-
ment. On the other hand, it included a high number
of variables to evaluate psychological characteris-
tics and executive function of the participants;
therefore we conducted Cohen’s delta analyses to
confirm the directionality of the findings.
Additionally, our groups did not share the same
education levels; however, as this could be import-
ant, we did make sure to control for this factor.
This variable was included as a co-variable in the
TMT and IGT analyses among groups, as we are
aware that some studies identify a lower education
level as a factor associated with cognitive degener-
ation in SLE patients.'® At any rate, it is important
to highlight the inherent difficulty in achieving
equality in clinical populations.

In conclusion, the results from our study show
that women with SLE display broader psycho-
pathological symptoms, greater vulnerability to
stress and poorer decision-making when compared
with healthy women. Furthermore, as cognitive
flexibility is lower in women with SLE who receive
corticosteroid treatment than in healthy women
and in women with SLE who do not receive cor-
ticosteroid treatment, the adverse effects of cortico-
steroid treatment on the cognitive flexibility of the
first group should be considered. Whereas most
studies have limited their research to the physical
effects of corticosteroid treatment, the findings
from our study are useful for studying the neuro-
psychological effects of corticosteroid treatment, as
they provide more information regarding side
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effects, such as poorer decision-making and cogni-
tive flexibility. It is recommendable to initiate the
use of prednisone only in cases of exacerbation of
the disease (flares) and at the lowest possible dose.
In addition, patients should be treated with anti-
malarials, and in cases where prolonged treatment
is predictable, start treatment with corticoids-spar-
ing drugs. We recommend treatment aimed at
avoiding corticoids, if it is at all possible.

Poor decision-making and diminished cognitive
flexibility entail a series of clinical implications for
patients that concern doctors, as well as patients
and their families, such as inadequate adherence
to treatment plans or difficulties making the neces-
sary changes to effectively deal with the disease.
These findings are important for the specialized
medical professionals caring for these patients,
because a better understanding of these cognitive
deficits can make a substantial advance towards
understanding and even solving some of the dif-
ferent problems encountered on a daily basis.
Given our results, we recommend a neuropsycho-
logical evaluation before steroids treatment to
control cognitive level effects, as is done for

blood sugar, blood pressure or to control
0Steoporosis.
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