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Resumen 
 
La fibromialgia es una enfermedad debilitante que 
representa una gran carga para el sistema de salud. 
Identificar factores asociados con una mejor 
sintomatología y menor severidad de la enfermedad 
es de interés clínico y de salud pública. El objetivo 
principal de esta Tesis Doctoral fue examinar de 
forma pormenorizada la asociación de la condición 
física y la depresión con síntomas clave de la 
fibromialgia, tales como el dolor, y con la severidad 
global de la enfermedad en mujeres con fibromialgia. 
Además, se evaluó la utilidad de usar la percepción 
subjetiva del esfuerzo para monitorizar la intensidad 
del ejercicio en esta población. Para responder a estos 
objetivos, se desarrollaron siete estudios en el 
contexto de dos proyectos. 

Proyecto I (Estudios I y II). Treinta y tres mujeres 
con fibromialgia realizaron un protocolo incremental 
en tapiz rodante, en el que se registraron respuestas 
fisiológicas (consumo de oxígeno [VO2] y frecuencia 
cardíaca, entre otras), y perceptuales (percepción 
subjetiva del esfuerzo [escala CR-10 de Borg] y dolor 
inducido por el ejercicio). Se registró la capacidad 
aeróbica (VO2 pico) y se midió la sensibilidad al 
dolor a la presión (algometría) y la intensidad de 
dolor clínico (escala visual analógica [EVA]).  

Proyecto II (Estudios III a VII). La condición 
física se evaluó con la batería Senior Fitness Test y 
dinamometría manual (n=468). El dolor se evaluó 
con diferentes herramientas (algometría, EVA, y 
subescalas del cuestionario revisado de impacto de la 
fibromialgia [FIQR, que evaluó la severidad de la 
enfermedad] y el SF-36 [que evaluó calidad de vida 
relacionada con la salud]). La función cognitiva se 
evaluó con el Paced Auditory Serial Addition Task y 
el Rey Auditory Verbal Learning Test, y la depresión 
mediante el Beck Depression Inventory (BDI-II). 

Los principales hallazgos y conclusiones fueron: 
I) La escala CR-10 de Borg es una herramienta 
moderadamente válida y fiable para monitorizar la 
intensidad del esfuerzo en mujeres con fibromialgia. 
Además, las mujeres con fibromialgia son capaces de 
discriminar entre esfuerzo y dolor inducido por el 
ejercicio, especialmente cuando la intensidad del 
ejercicio aumenta; II) Un mayor VO2 pico se asocia 
con una menor sensibilidad al dolor a la presión pero 
no con un menor dolor clínico; III) Una mayor 
condición física se asocia consistentemente con 
menores niveles de dolor (medido con diferentes 
indicadores), menor catastrofización ante el dolor, y 

mayor autoeficacia ante el dolor crónico en mujeres 
con fibromialgia. La fuerza muscular y la flexibilidad 
se asocian de forma independiente con el dolor, 
mientras que la capacidad aeróbica y la flexibilidad 
se asocian independientemente con la 
catastrofización y autoeficacia. Existe un efecto 
combinado entre diferentes componentes de la 
condición física sobre el dolor, catastrofización y 
autoeficacia; IV) Mayores niveles de condición física 
se asocian de forma consistente a una menor 
severidad de la fibromialgia en mujeres. La 
diferencia en la severidad de la fibromialgia entre los 
grupos con mayor y menor nivel de condición física 
sobrepasa el umbral de relevancia clínica. El 6-
minute walk test (capacidad aeróbica) y el back 
scratch test (flexibilidad de miembro superior) se 
asocian de forma inversa e independiente a la 
severidad de la fibromialgia; V) Una mayor 
condición física se asocia positivamente con el 
procesamiento de la información, memoria de 
trabajo, memoria diferida, aprendizaje verbal y 
reconocimiento diferido. Por el contrario, la 
adiposidad no parece asociarse con las tareas 
cognitivas estudiadas. La capacidad aeróbica parece 
ser el componente más importante de la condición 
física en relación con los procesos cognitivos 
evaluados, aunque la agilidad motora podría también 
jugar un papel importante; VI) Una mayor condición 
física está generalmente asociada con menores 
niveles de depresión en mujeres con fibromialgia. Sin 
embargo, las asociaciones observadas fueron débiles 
e inconsistentes, a diferencia de las observabas 
previamente en personas sanas; VII) Una mayor 
severidad de los síntomas de depresión se asocia con 
una peor sintomatología autoinformada y con el 
componente mental de la calidad de vida relacionada 
con la salud, pero no con la sensibilidad al dolor ni 
con la función física en mujeres con fibromialgia.  

Los resultados de esta Tesis Doctoral incrementan 
nuestro conocimiento acerca de la condición física y 
la depresión en relación con síntomas principales de 
la fibromialgia, tales como el dolor, y con la 
severidad global de la enfermedad en mujeres con 
fibromialgia, así como de la utilidad de la percepción 
subjetiva del esfuerzo en esta población. Estos 
resultados darán lugar a futuros estudios para evaluar 
el valor preventivo y terapéutico de la condición 
física en esta población. 
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Abstract 

 
Fibromyalgia is a chronic debilitating disease 
which represents a heavy burden for the health 
care system. Identifying factors associated with 
better symptomatology and lower disease severity 
is of clinical and public health interest. The major 
aim of the present Doctoral Thesis was to 
comprehensively examine the association of 
physical fitness and depression with core 
fibromyalgia symptoms, such as pain, and disease 
severity in women with fibromyalgia. In addition, 
the utility of rating perceived exertion as a tool for 
monitoring exercise intensity was also studied. To 
address these aims, seven studies were conducted 
in the context of two projects. 

Project I (Studies I and II). During an 
incremental treadmill test, thirty-three women 
with fibromyalgia were recorded physiological 
(oxygen uptake [VO2] and heart rate, among 
other) and perceptual (rating of perceived exertion 
[RPE; Borg CR-10 scale] and exercise-induced 
pain) responses at each workload. 
Cardiorespiratory fitness [peak VO2], pressure 
pain sensitivity (algometry) and clinical pain 
intensity (visual analogue scale; VAS) were 
measured.  

Project II (Studies III to VII). Physical fitness 
was assessed with the Senior Fitness Test battery 
and handgrip dynamometry (n=468). Pain was 
assessed with different tools (including algometry, 
VAS, and subscales from the revised fibromyalgia 
impact questionnaire [that assessed fibromyalgia 
severity] and the SF-36 [that assessed health 
related quality of life; HRQoL]). Cognitive 
function was assessed using the Paced Auditory 
Serial Addition Task and the Rey Auditory Verbal 
Learning Test, and depression with the Beck 
Depression Inventory (BDI-II). 

The main findings of this Doctoral Thesis 
were: I) The Borg CR-10 scale is a moderately 
valid and reliable tool for monitoring exercise 
intensity in women with fibromyalgia. In addition, 
women with fibromyalgia are able to discriminate 
between exertion and exercise-induced pain while 
exercising, especially as exercise intensity 
increases; II) Higher VO2 peak is associated with 
lower pressure pain sensitivity but not with 
clinical pain; III) Higher physical fitness is 

consistently associated with lower levels of pain 
(measured through different indicators), lower 
pain-related catastrophizing and higher chronic 
pain self-efficacy in women with fibromyalgia. 
Muscle strength and flexibility are independently 
associated with pain, while aerobic fitness and 
flexibility are independently associated with pain-
related catastrophizing and chronic pain self-
efficacy. There was a combined effect of different 
fitness components on pain, catastrophizing and 
self-efficacy; IV) Higher physical fitness is 
consistently associated with lower fibromyalgia 
severity in women. The difference in fibromyalgia 
severity between patients with the lowest and the 
highest fitness levels surpasses the minimal 
clinically meaningful difference. The 6-minute 
walk (aerobic fitness) and back scratch (upper 
body flexibility) tests are independently 
associated with fibromyalgia severity; V) Higher 
physical fitness is positively and consistently 
associated with information processing, working 
memory, delayed recall, verbal learning and 
delayed recognition in women with fibromyalgia. 
By contrast, body fatness does not seem to be 
associated with the studied cognitive tasks. 
Aerobic fitness seems to be the most important 
fitness indicator of the cognitive processes 
evaluated, yet motor agility could also play a 
relevant role; VI) Higher physical fitness is 
generally associated with lower symptoms of 
depression in women with fibromyalgia. 
However, the observed associations were weak 
and inconsistent, differing from those previously 
observed in healthy adults; VII) Higher severity of 
depressive symptoms is associated with poorer 
self-reported symptomatology and mental 
HRQoL, but not with pain sensitivity or physical 
function in women with fibromyalgia. 

The results of this Doctoral Thesis enhance 
our understanding about physical fitness and 
depression in relation to core fibromyalgia 
symptomatology and disease severity in women, 
as well as about the utility of perceived exertion in 
women with fibromyalgia. These results will lead 
to future research to understand the preventive 
and therapeutic value of physical fitness in this 
population. 
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INTRODUCTION 

1. Fibromyalgia: definition, epidemiology and 
burden for the health care system  
 

Fibromyalgia is a chronic multi-dimensional 
condition of unknown etiology, characterized by 
chronic widespread pain as its main symptom and 
other important physical and psychological 
symptoms and comorbidities1–3 that restrict 
activities of daily living and have a massive 
impact on the patient’s illness perceptions4 and 
quality of life5,6. The prevalence of fibromyalgia 
in the general population ranges from 2 to 8%7 
depending on the criteria used for the diagnosis. 
Considering the currently official 1990 criteria for 
the diagnosis of fibromyalgia from the American 
College of Rheumatology (ACR)2, the prevalence 
of fibromyalgia in Spain is 2.4%, being markedly 
more prevalent in women (4.2%) than in men 
(0.2%)8. This prevalence is similar to that 
observed in other countries in Europe3,9 and the 
United States10.  

Fibromyalgia is currently a burden for the 
health care system11, representing the highest 
unemployment rate (6%)12, claims for disability 
benefit (up to 30%)13, and greatest number of days 
of absence from work in Europe12–14. In Spain, the 
greater use of health care resources and 
absenteeism/employment disability in patients 
with fibromyalgia is accompanied by significantly 
higher costs, in both the direct (except for 
hospitalization costs) and the indirect (sick leave 
and early retirement) costs. After controlling for 
age and sex, Sicras-Mainar et al.13 revealed that 
fibromyalgia patients incurred €614 more in 
average annual health care (direct) costs and 
€4,397 more in indirect costs in comparison with 
the reference group, totaling an extra annual 
average cost per patient of €5,011. Therefore, it is 
important to find modifiable factors that may be 
associated with a more favourable profile in 
relation to core fibromyalgia symptoms and 
disease severity in this population. 

2. Approaches to the management of 
fibromyalgia 
 
A recent meta-analysis revealed significant 
benefits of pharmacological interventions 

(serotonin–norepinephrine reuptake inhibitors and 
pregabalin) over placebo on pain and quality of 
life of patients with fibromyalgia15. However, the 
observed effects were of questionable clinical 
relevance (~0.6 in a 0-10 VAS)15. Among non-
pharmacological treatments, multicomponent 
therapy, cognitive behavioral therapy16,17 and 
exercise18,19 appear to be the most promising 
alternatives for reducing pain and improving 
quality of life15.  

There is growing evidence suggesting that 
aerobic and muscle strengthening exercise15,20–22 
play a key role in the management of 
fibromyalgia1,18,23, since it might increase physcal 
fitness21, and improve acute24,25 and long-term 
pain18,21,25 and quality of life26. Exercise intensity 
is an essential component of exercise-based 
intervention programs, which must be 
individualized according to the severity of the 
fibromyalgia-related symptoms and the patient’s 
physical fitness. 

3. Perceived exertion in fibromyalgia 

 
Exercise intensity for aerobic conditioning is 
generally established as a percentage of the 
maximum oxygen uptake (VO2max) or heart rate 
(HRmax). However, clinicians and patients with 
fibromyalgia rarely have access to devices to 
monitor these physiological parameters. As an 
alternative, the ratings of perceived exertion 
(RPE) represent an inexpensive tool for 
monitoring exercise intensity27.  In the model 
described by Borg28, it is observed that as exercise 
performance increases along an intensity-
dependent continuum, a positive relationship 
appears between the reported RPE and several 
physiological responses such as HR, VO2, minute 
ventilation (VE), or respiratory quotient (RER).  

The Borg Category Ratio (CR-10) scale is 
commonly used in patients with fibromyalgia to 
rate perceived exertion29,30 as it is intuitive, 
feasible, and simple to understand. However, 
whether it represents a valid and reliable tool for 
monitoring exercise intensity in women with 
fibromyalgia is unclear. In addition, it has been 
suggested that patients with fibromyalgia might 
not be able to discriminate between perceived 
exertion and exercise-induced pain31 while 
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exercising29. Therefore, research is needed to 
determine the validity and reliability of the Borg 
CR-10 scale in this population and to understand 
whether women with fibromyalgia are able to 
discriminate between perceived exertion and 
exercise-induced pain. This information is of 
clinical interest since this scale might be used in 
clinical settings to control exercise intensity as 
part of therapeutic programs in this population. 
(Study I) 

4. Physical fitness: association with 
fibromyalgia symptomatology and disease 
severity 

 
Physical fitness has been defined as a set of 
attributes related to a person’s ability to perform 
physical activities that require aerobic fitness, 
endurance, strength or flexibility and is 
determined by a combination of regular activity 
and genetically inherited factors32. The fitness 
components studied in the present Doctoral Thesis 
are aerobic fitness, muscle strength, flexibility and 
motor agility. From a conceptual point of view, 
aerobic fitness (or cardiorespiratory fitness) is a 
health-related component of physical fitness that 
reflects the overall capacity of the cardiovascular 
and respiratory systems and the ability of an 
individual to perform prolonged exercise33; 
Muscle strength is a health-related component of 
fitness that relates to the amount of external force 
that a muscle can exert33; Flexibility is a health-
related component of fitness that relates to the 
range of motion available at a joint33; Agility is a 
component of fitness that relates to the ability of 
an individual to rapidly change the position of the 
entire body in space with speed and accuracy33. 

Physical fitness is a widely known powerful 
marker of health and morbi-mortality34–38, that is 
inversely associated in different populations with 
the risk for cardiovascular diseases39,40, back 
pain41, low bone mineral density42, metabolic 
syndrome43, or psychiatric conditions44,45 (among 
other). It is therefore plausible that physical 
fitness plays and important role with regards to 
fibromyalgia symptomatology and disease 
severity. Indeed, recent studies suggest that fitness 
testing could be used as a complementary tool in 
the diagnosis46 and monitoring47 of fibromyalgia. 

As physical fitness is a modifiable factor that 
might be enhanced through exercise intervention 
programs, a comprehensive characterization of the 
association of physical fitness with core 
fibromyalgia symptoms and disease severity is of 
clinical and public health interest and will lead to 
future exercise intervention studies aiming at 
improving exercise prescription in this population. 

4.1. Physical fitness and pain in fibromyalgia 

 
Pain is the principal symptom of fibromyalgia. In 
fact, the 1990 ACR diagnostic criteria for 
fibromyalgia are based exclusively on this 
symptom, requiring the presence of chronic 
widespread pain for at least three months and 11 
out of 18 positive tender points to palpation for its 
diagnosis2. Although these criteria are criticized 
since they do not account for the wide spectrum of 
fibromyalgia-related symptoms, and recent (still 
preliminary) alternative diagnostic criteria are 
gaining popularity48,49, pain continues to be the 
hallmark of fibromyalgia. Chronic widespread 
pain in this population is characterized by 
increased sensitivity to painful stimuli 
(hyperalgesia) and lowered pain threshold 
(allodynia)50. Possible explanations for this 
deregulation are dysfunctions of the pain 
inhibitory pathways (disinhibition)51 and the 
activation of facilitator pain-related mechanisms 
(central sensitization)50,52.  

Intervention studies have shown concomitant 
increases in fitness with reduced levels of pain20,21 
and improved quality of life in fibromyalgia 
patients. Likewise, low physical fitness has been 
related to exacerbated pain, fatigue, and stiffnes46, 
and to higher risk of falls in this population53. 
Several studies examined the association of 
different components of physical fitness with pain 
in fibromyalgia patients with mixed findings54–57. 
Carbonell-Baeza et al.55 observed that aerobic 
fitness (distance walked in the 6-minute walk test) 
was inversely related to pain (as measured by 
tender points count (TPC) and pressure pain 
threshold (PPT)) in women with fibromyalgia. By 
contrast, Hooten et al.57 reported that peak VO2 
was not associated with the PPT in fibromyalgia 
patients. Lower body muscle strength seems to be 
associated with the PPT54,57 and inversely related 
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to the TPC55 in fibromyalgia patients. However, 
Henriksen et al.56 observed that the association 
between knee muscle strength and TPC in these 
patients was weak. The association of flexibility 
and motor agility with pain has received little 
attention54,58, and exercise programs for the 
management of fibromyalgia rarely focus on 
improving these fitness components20,21.  

The above-mentioned studies focused on the 
association of single components of physical 
fitness and pain separately. However, a 
comprehensive characterization of the 
independent and combined association of different 
components of physical fitness (aerobic fitness, 
muscle strength, flexibility and motor agility) with 
pain, as well as with mental factors associated 
with the experience of pain (e.g. pain-related 
catastrophizing and chronic pain self-efficacy), is 
needed to optimize future exercise intervention 
studies in this population. (Studies II and III) 

4.2. Physical fitness and fibromyalgia severity 
 
Fibromyalgia severity is defined as the impact that 
this chronic condition has on the patient’s life, and 
is commonly assessed through the Revised 
Fibromyalgia Impact Questionnaire (FIQR)59 
which provides a comprehensive picture of the 
disease-related profile by evaluating self-reported 
function, overall impact, and symptoms severity. 

To study whether higher levels of physical 
fitness are associated with lower symptom 
severity, higher self-reported daily function, and 
lower overall disease burden in women with 
fibromyalgia is relevant since it would provide an 
overall picture of the potential of this modifiable 
factor to benefit fibromyalgia features. Carbonell-
Baeza et al.60 observed that aerobic fitness was 
weakly (although significantly) associated with 
overall fibromyalgia severity in women. 
Similarly, Henriksen et al56 observed that 
isokinetic knee muscle strength was weakly 
associated with fibromyalgia severity. However, 
all these studies used the original version of the 
Fibromyalgia Impact Questionnaire (FIQ)61 and 
addressed only individual components of physical 
fitness. A comprehensive characterization of the 
association between different components of 
fitness with fibromyalgia severity in a large 

sample of women with fibromyalgia is lacking in 
the literature. In addition, it is important to study 
whether the association of different components 
of physical fitness is independent of each other 
(e.g. when several components are simultaneously 
considered) and the strength of the associations to 
provide a clear overview of the relation between 
performance-based fitness and self-reported 
measures of health outcomes in fibromyalgia. 
(Study IV) 

4.3. Physical fitness, fatness, and cognitive 
function in fibromyalgia 

 
Cognitive dysfunction represents one of the most 
commonly self-reported complaints in 
fibromyalgia patients62 and plays an important 
role interfering in the patient’s everyday life. 
Cognitive dysfunction in patients with 
fibromyalgia includes working memory, executive 
control and attention deficits63–65. The prevalence 
of cognitive dysfunction reported among patients 
with fibromyalgia is high (50-80%)66 especially 
considering that memory and concentration 
problems can be very disruptive for patients63. 

As previously mentioned, enhancing physical 
fitness (mainly through exercise)67 or decreasing 
body fatness68 are becoming increasingly popular 
for improving fibromyalgia-related 
symptomatology [including cognitive 
functioning69] and quality of life. However, little 
is known about the association between fitness 
and fatness (and their possible interaction) with 
cognitive function in women with fibromyalgia.  

To our knowledge, only two studies 
investigated the association between physical 
fitness and cognitive function in women with 
fibromyalgia70,71. They reported a direct 
association of fitness (muscle strength, balance 
and aerobic fitness) with cognitive performance 
(e.g. attention, processing speed and episodic 
memory). However, these studies had a relatively 
small sample size, and pain (which might underlie 
cognitive dysfunction64) was not accounted for as 
a potential confounder in the analyses. In addition, 
the authors examined the relationship of single 
components of fitness with cognitive functioning 
only. In order to completely characterize the 
above-mentioned association, it is also important 
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to study which fitness components (aerobic 
fitness; muscle strength; flexibility; motor agility) 
present an independent association with cognitive 
performance (e.g. when all components are 
simultaneously considered). (Study V) 

Obesity has been consistently linked to higher 
symptoms severity and lower quality of life in 
women with fibromyalgia7273,74. In addition, 
several studies observed an inverse relationship 
between fatness and cognitive function in healthy 
people75,76. Therefore, it is possible that excess 
adiposity might be inversely associated with 
cognitive performance in women with 
fibromyalgia, which is currently unknown and 
need to be study to improve our understanding of 
the potential negative effects of adiposity in this 
population. (Study V) 

4.4. Physical fitness and depression in 
fibromyalgia 

 
Depression is a common comorbidity in chronic 
pain and fibromyalgia patients62. A survey of 
2,596 people with fibromyalgia (96.8% of 
respondents were women) conducted by Bennett 
et al.62 revealed that 83% of fibromyalgia patients 
reported emotional distress, which was perceived 
as the factor that worsened fibromyalgia 
symptomatology the most62. The prevalence of 
depression among patients with fibromyalgia 
ranges from 28.6 to 70% across studies77,78. 

A low aerobic fitness is closely related to the 
incidence of depressive symptoms in the general 
population44,45 and it could also be associated with 
high levels of depressive symptoms in women 
with fibromyalgia. However, although exercise 
programs in fibromyalgia patients have shown 
short and long term (up to 30 months) 
improvements in depressive symptoms79,80, these 
improvements have not been related to 
improvements in fitness levels79. It is therefore 
plausible that exercise programs produce 
beneficial effects on depressive symptoms without 
the need to enhance physical fitness levels. In 
addition, it is unknown whether other components 
of physical fitness (e.g. muscle strength or 
flexibility) are associated with depressive 
symptoms in this population. A comprehensive 

characterization of the association of physical 
fitness with depressive symptoms is warranted to 
determine the potential relevance of different 
fitness components in relation to depressive 
symptoms in women with fibromyalgia. (Study 
VI) 

In addition, it has been reported that fibromyalgia 
patients with comorbid depression seem to suffer 
from higher pain-related interference81, as well as 
from higher self-reported affective distress and 
lower social support82 than healthy controls. 
However, a comprehensive characterization of the 
association of different levels of depressive 
symptoms severity with core fibromyalgia 
symptoms (e.g. pain, fatigue, sleep, etc.), physical 
function, disease severity and physical and mental 
health-related quality of life (HRQoL) in a large 
sample of women with fibromyalgia is lacking in 
the literature and would provide wider insights 
into the potential deleterious effects of depression 
in this population. (Study VII) 
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OBJETIVOS 
 
El objetivo principal de esta Tesis Doctoral fue 
examinar de forma pormenorizada la asociación 
de la condición física y la depresión con síntomas 
clave de la fibromialgia, tales como el dolor, y 
con la severidad global de la enfermedad en 
mujeres con fibromialgia. Además, se evaluó la 
utilidad de usar la percepción subjetiva del 
esfuerzo para monitorizar la intensidad del 
ejercicio en esta población. Los resultados de esta 
Tesis Doctoral están organizados en forma de 
siete estudios, basados en los siguientes objetivos: 

1. Estudio I. Evaluar la validez y fiabilidad de la 
escala CR-10 de Borg para monitorizar la 
intensidad del ejercicio en mujeres con 
fibromialgia y examinar si estas mujeres son 
capaces de discriminar entre la percepción de 
esfuerzo y la de dolor durante el ejercicio. 

2. Estudio II. Evaluar la asociación entre la 
capacidad aeróbica y la sensibilidad al dolor a 
la presión y el dolor clínico en mujeres con 
fibromialgia. 

3. Estudio III. El objetivo principal fue examinar 
la asociación de la condición física con el 
dolor, la catastrofización ante el dolor, y la 
autoeficacia ante el dolor crónico en mujeres 
con fibromialgia. Objetivos secundarios de 
carácter exploratorio fueron 1) examinar si 
diferentes componentes de la condición física 
se relacionan de forma independiente con las 
variables arriba mencionadas; y 2) evaluar si 
existe un efecto combinado de diferentes 
componentes de la condición física en las 
variables estudiadas.  

 

 

 

 

 

 

 

4. Estudio IV. Estudiar la asociación de la 
condición física con la severidad de la 
enfermedad en mujeres con fibromialgia 
(objetivo 1). También se estudió si diferentes 
componentes de la condición física presentan 
una asociación independiente con la severidad 
de la enfermedad en esta población (objetivo 
2). 

5. Estudio V. Evaluar la asociación del nivel de 
condición física y adiposidad con la función 
cognitiva en mujeres con fibromialgia 
(objetivo 1). Dado que la condición física y la 
adiposidad representan constructos 
multifactoriales, también se examinó si varios 
de sus componentes presentan una asociación 
independiente con la función cognitiva en esta 
población (objetivo 2).  

6. Estudio VI. Evaluar la asociación entre 
condición física y síntomas de depresión en 
mujeres con fibromialgia (objetivo 1) y 
examinar si diferentes componentes de la 
condición física se asocian con la depresión de 
forma independiente (objetivo 2).  

7. Estudio VII. Estudiar la asociación entre 
diferentes niveles de depresión con el dolor, 
fatiga, calidad del sueño, función física, 
severidad global de la enfermedad y calidad de 
vida relacionada con la salud en mujeres con 
fibromialgia.  
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AIMS 
 
The major aim of the present Doctoral Thesis was 
to provide a comprehensive examination of the 
association of physical fitness and depression with 
core fibromyalgia symptoms, such as pain, and 
overall disease severity in women with 
fibromyalgia. In addition, the utility of rating 
perceived exertion as a tool for monitoring 
exercise intensity was also studied. The outcome 
of this Doctoral Thesis is organized in seven 
studies, based on the following specific aims: 

1. Study I. To assess the validity and reliability 
of the Borg CR-10 scale for monitoring 
exercise intensity in women with fibromyalgia 
and to examine whether women with 
fibromyalgia are able to discriminate between 
perceived exertion and exercise-induced pain 
during exercise.  

2. Study II. To assess the association of 
cardiorespiratory fitness with pressure pain 
sensitivity and clinical pain in women with 
fibromyalgia.  

3. Study III. The primary aim was to assess the 
association of physical fitness with pain, pain-
related catastrophizing and chronic pain self-
efficacy in women with fibromyalgia. 
Secondary exploratory aims: 1) to assess 
whether different fitness components are 
independently associated with the studied 
pain-related outcomes; 2) to examine whether 
there is a combined effect of different fitness 

components on the above-mentioned 
outcomes.  

4. Study IV. To assess the association between 
physical fitness and fibromyalgia severity in 
women with fibromyalgia (objective 1). 
Whether different fitness components present 
an independent association with fibromyalgia 
severity was also examined (objective 2). 

5. Study V. To assess the association of physical 
fitness and body fatness with cognitive 
function in women with fibromyalgia 
(objective 1). As fitness and fatness represent 
multidimensional constructs, this study also 
aimed to examine the independent influence of 
their single components on cognitive function 
(objective 2).  

6. Study VI. To assess the association between 
physical fitness and depressive symptoms in 
women with fibromyalgia (objective 1) and to 
examine whether different fitness components 
present an independent relationship with 
depressive symptoms (objective 1). 

7. Study VII. To assess the associations of 
different levels of depressive symptoms with 
pain, fatigue, sleep quality, physical function, 
overall fibromyalgia severity, and HRQoL in 
women with fibromyalgia. 
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MATERIALS AND METHODS 

 
Project I (Studies I and II).  

 
Design and Participants 

A formal invitation to participate in this cross-
sectional study was sent to all women aged 18–60 
years (n=250) from a local association of 
fibromyalgia (Seville, Spain). Thirty-seven 
potentially eligible patients responded and gave 
written informed consent to participate after 
receiving detailed information about the aims and 
study protocol. The inclusion criteria were (i) to 
be previously diagnosed of fibromyalgia by a 
rheumatologist; (ii) to meet the 1990 ACR criteria 
for the diagnosis of fibromyalgia2; (iii) not to have 
either acute or terminal illness, nor severe 
dementia; (iv) not being morbid obese (body mass 
index [BMI] ≥ 40) and (v) not being at risk for 
adverse events while exercising. Four patients 
were excluded, two were morbid obese and two 
did not attend both test and retest evaluations83. 
Thirty-three participants were finally included. 
The experimental procedure was reviewed and 
approved by the Committee on Biomedical Ethics 
of the University Pablo de Olavide (Seville, 
Spain). 

Protocol 

During the first appointment, the medical records 
and anthropometric characteristics of the study 
participants were examined by a physician at the 
university facilities, clinical pain intensity was 
assessed and the diagnosis of fibromyalgia was 
confirmed by means of the tender points 
examination2. The participants then performed an 
incremental treadmill test (Studies I and II) and, in 
a second appointment (7 days later), the same 
treadmill exercise was performed (for Study I 
only). All participants were instructed to avoid the 
consumption of analgesics for 48 h before the 
evaluation. 

Anthropometric characteristics 

Weight was measured with participants in 
underwear, to the nearest 100 g, and height to the 

nearest 0.1 cm with an electronic balance with an 
incorporated stadiometer (Seca 780; SECA 
Hammer Steindamm, Hamburg, Germany). The 
participant’s body mass index (BMI) was 
calculated as weight (kg) divided by squared 
height (m2). 

Pressure pain sensitivity assessment  

An electronic pressure dolorimeter (J Tech 
Medical Industries, Salt Lake City, USA), 
previously used in fibromyalgia84, was used to 
assess the PPTs according to the ACR criteria for 
the diagnosis of fibromyalgia2. The dolorimeter 
was held perpendicular to the body, and the force 
was increased gradually at a constant rate of 1 
kg·cm−2 per second until the patient said “stop”. 
The patients were instructed to say “stop” when 
the sensation of pressure became painful and the 
PPT was automatically recorded. All the 
measurements were taken by the same 
experienced examiner, and the same order of 
tender points examination was followed for all 
patients. The PPT at each tender site was 
computed as the average of two alternative 
measurements, and the average PPT from the 18 
fibromyalgia tender points was calculated57. The 
TPC was also recorded for each patient as the sum 
of positive tender points (pressure pain ≥4 
kg·cm−2).  

Clinical pain 

We used the pain subscale from the Fibromyalgia 
Impact Questionnaire (FIQ-pain)61, which consists 
in a 10-cm VAS (0= no pain; 10= maximum pain) 
in which participants rated their current pain 
intensity. 

Incremental treadmill test 

The testing protocol has been previously used in 
women with fibromyalgia85. The test consisted of 
walking and jogging at incremental workloads on 
a treadmill (Pulsar 4.0; Cosmos, Am Sportplatz 8, 
DE 83365 Nussdorf-Traunstein, Germany). A 3-
min warm-up period at a speed of 2.5 km·h−1 was 
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performed before starting the incremental test. 
The test comprised 6 incremental workloads 
starting at 2.5 km·h−1 and increasing by 2.5 
km·h−1 every 3 min up to 7.5 km·h−1. Thereafter, 
only the inclination increased by 2.5% every 3 
min up to 7.5%, which was maintained until the 
test termination. The duration of each workload 
was 3 min so as that the physiological responses 
achieved a steady state before starting the 
following workload. All participants were 
verbally encouraged by the research staff 
throughout the test. Participants voluntarily 
terminated the test when they felt they were not 
able to further sustain the effort (none of the 
participant tolerated the effort further than 
completing stage 6). During the test, HR (in 
beats·min−1) and gas exchange data were 
continuously collected with an automated breath-
by-breath system (CPX; Medical Graphics 
Corporation 350 Oak Grove Parkway St. Paul, 
MN 55127). Cardiorespiratory fitness (as per 
Study II) was defined as the peak VO2 obtained 
during the last 30 s of the test85. 

Specific methodology for Study I (Validity and 
reliability of rating perceived exertion: exertion-
pain discrimination).  

Before the test, a detailed description on the use 
of the Borg CR-10 scale86 and the VAS (which 
assessed the immediate experience of pain)87, and 
a careful explanation of the differences between 
the two constructs (perceived exertion vs. 
exercise-induced pain), was provided to the 
participants so as to guarantee that they clearly 
understood the nature of the two differential 
constructs. The incremental treadmill test was 
then performed. The physiological criterion 
measures were HR, relative VO2, VE and RER.  

The participant’s RPE was obtained at each 
workload with the Borg CR-10 scale88,89, which is 
a 11-point scale ranging from 0 (“nothing at all”) 
to 10 (“very, very strong”)88. At the end of each 
workload, the research staff presented the CR-10 
scale on a white sheet of paper and the 
participants pointed at the number representing 
the overall exertion perceived during the actual 
workload. 

The exercise-induced pain was registered on a 
10-cm VAS (without sequential numbering)87 
annotated with the words “no pain” and 
“maximum pain” at the appropriate ends and 
presented on a white sheet of paper. The distance 
between the beginning of the line representing “no 
pain” and the fingerprint mark of the patients at 
each workload was measured and used in further 
analyses. 

The physiological and perceptual responses 
obtained during the final 30 s of each workload 
level were used in the subsequent analyses. As 
exertion and pain represent differential constructs, 
and in order to avoid “cross-scale demand bias”, 
the participants were consistently asked to report 
perceived exertion first (by the right side of the 
treadmill) and then the perception of exercise-
induced pain (by the left side of the treadmill). 

The al-Ándalus project (Studies III to VII). 
 
Design and Participants 

The project aimed to recruit a representative 
sample of women with fibromyalgia from 
Andalusia (i.e. 8 provinces from southern Spain) 
for this population-based cross-sectional study. 
We estimated the number of participants to be 
included using the level of accuracy obtained in 
previous studies assessing the 6-minute walk test 
in a population with fibromyalgia60. We used the 
level of accuracy as a fraction (k) of the standard 
deviation of the population (accuracy= k × 
standard deviation). We selected a standard 
deviation fraction of 10-50%, which is habitual in 
clinical studies. For a confidence interval level of 
95%, a total of 300 participants were needed to 
obtain an accuracy of 11%. With this sample size, 
we would be able to estimate the maximum 
distance (in meters) that women with 
fibromyalgia are able to walk, in average, within 6 
minutes with an accuracy of 8 meters. The sample 
was selected using a two-phase (sex and 
province), proportional sampling using as a 
reference the database of the Spanish Association 
of Rheumatology, as well as the Census of the 8 
provinces of Andalucía (southern Spain). The 
sample was however oversized in order to prevent 
loss of information. A total of 616 potentially 
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eligible women were recruited through local 
fibromyalgia associations from the 8 provinces of 
Andalusia, as well as via e-mail, letter or 
telephone. All participants were informed of the 
study aims and procedures and signed written 
informed consent to participate. Inclusion criteria 
included a diagnosis of fibromyalgia by a 
rheumatologist and to meet the 1990 ACR 
criteria2. Exclusion criteria included acute or 
terminal illness (i.e. cancer, stroke, recent 
cardiomyopathy, severe coronary disease, 
schizophrenia, and severe chronic obstructive 
pulmonary disease), and severe cognitive 
dysfunction (Mini Mental State Examination 
[MMSE] < 10)90.  

Thirty-eight potentially eligible participants 
were not previously diagnosed, and 91 did not 
meet the 1990 ACR criteria. One fibromyalgia 
patient had severe cognitive dysfunction. Eighteen 
participants did not attend the second evaluation 
day and were excluded from the analyses of the 
present Doctoral Thesis. A total of 468 women 
with fibromyalgia were finally included. The 
study was reviewed and approved by the Ethics 
Committee of the "Hospital Virgen de las 
Nieves", Granada, Spain. 

General protocol 

The evaluation process was performed on two 
alternate days (e.g. Monday and Wednesday) 

either at the University facilities or at 
fibromyalgia associations. The assessments were 
carried out either in morning or afternoon 
sessions; according to the participants’ 
convenience. The whole evaluation process was 
carried out by the same team of researchers who 
had previously received specific training.  

On day 1, the diagnosis of fibromyalgia was 
confirmed by means of the tender point’s 
examination2, which was performed by a single 
trained researcher. In addition, the MMSE was 
applied in a private room for inclusion purposes, 
anthropometric measurements and body 
composition were assessed, and the Beck 
Depression Inventory second edition (BDI-II) and 
a complete self-reported socio-demographic 
questionnaire (assessing age, marital status, 
educational and occupational status, etc.) was 
filled by participants. Participants were then given 
several questionnaires (see table 1) to fill at home 
and bring on the next assessment day. On day 2, 
the research team verified that the questionnaires 
were properly and completely filled. Thereafter, 
cognitive function was assessed through the 
neuropsychological tests, current pain intensity 
was reported on a VAS, and the physical fitness 
assessment was undertaken. Table 1 presents an 
overview of the global assessment procedure 
undertaken in the al-Ándalus project. 

 
 
 

Table 1. General overview of the assessments carried out in the al-Ándalus project. 
 

Assessment Day Assessments 

Day 1 
MMSE, tender points examination, body composition, 
anthropometric and sociodemographic characteristics, 
medication usage, and BDI-II 

Home                  
(middle day) 

FIQR, PCS, CPSS, PSQI, MFI, SF-36. 

Day 2 Check questionnaires, PASAT, RAVLT, VAS, and 
Physical fitness 

 
MMSE, mini mental state evaluation; BDI-II, Beck Depression Inventory second edition; FIQR, 
Revised Fibromyalgia Impact Questionnaire; PCS, pain catastrophizing scale; CPSS, chronic pain 
self-efficacy scale; PSQI, Pittsburgh Sleep Quality Index; MFI, Multidimensional Fatigue 
Inventory; SF-36, 36-item Short Form health survey;  PASAT, Paced Auditory Serial Addition 
Task; RAVLT; Rey Auditory Verbal Learning Test; VAS, visual analogue scale. 
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MMSE 

The Spanish version91 of the MMSE90 was used to 
assess severe cognitive impairment. It consists of 
30 items grouped into seven categories: 
orientation to place, orientation to time, 
registration, attention and concentration, recall, 
language, and visual construction. The MMSE 
ranges from 0 to 30.  

Tender points’ examination 

A standard pressure algometer (FPK 20; Wagner 
Instruments, Greenwich, CT, USA) was used to 
assess the 18 fibromyalgia-related tender points2. 
Participants were asked to refrain from their pain 
medications for 24h before the evaluation. Two 
alternative measurements at each tender site were 
performed and the mean score was recorded. The 
PPT was defined as the average pressure threshold 
across the 18 fibromyalgia tender sites. A pressure 
threshold of ≤4 kg·cm-2 defined a positive tender 
point according to the ACR2. The TPC was 
computed as the sum of positive tender points. 

Anthropometric measurements and body 
composition 

A portable eight-polar tactile-electrode 
bioelectrical impedance device (InBody R20, 
Biospace, Seoul, Korea) was used to measure 
weight (kg) and body fat. Height (cm) was 
measured with a stadiometer (Seca 22, Hamburg, 
Germany). Waist circumference (cm) was 
measured at the middle point between the ribs and 
ileac crest (Harpenden anthropometric tape 
Holtain Ltd). Body mass index (BMI; 
[weight/squared height (kg·m-2)]), and fat mass 
index (body fat/squared height; kg·m-2) were 
computed. 

Medication usage 

The usage of analgesics, antidepressants, 
anticonvulsants, and stimulants was registered as 
binary variables (yes/no) to be used as control 
variables in subsequent analyses as they might 
influence several fibromyalgia symptoms. 

Beck Depression Inventory (BDI-II) 

The Spanish version92 of the BDI-II93 is a 21-item 
self-report measure designed to assess depressive 

symptomatology. Participants rated each item on a 
0-3 scale (0 [not present] to 3 [severe]), in the 
context of the past two weeks. The BDI-II 
provides one overall score (range 0-63) where 
higher values represent a more severe degree of 
depression. A score of ≤13, 14–19, 20–28, and 
≥29 represents minimal, mild, moderate, and 
severe depressive symptoms, respectively93. The 
internal consistency (Cronbach's alpha) of the 
BDI-II in chronic pain patients has been reported 
to be of α=0.9294. 

Revised Fibromyalgia Impact Questionnaire 
(FIQR) 

Fibromyalgia severity was assessed with the 
Spanish version95 of the FIQR59. The FIQR 
represents the most fibromyalgia-specific 
instrument to assess overall fibromyalgia severity 
through the wide range of symptoms, 
comorbidities, and complaints related to this 
chronic condition. It was developed by Bennett et 
al.59 in an attempt to overcome some limitations 
of the original fibromyalgia impact questionnaire 
(FIQ)61, while maintaining its three domains 
structure (function, overall impact, and symptoms 
severity) and properties. It is a self-administered 
questionnaire comprising 21 individual questions 
assessed on a numerical rating scale (0-10). These 
items are organized into 3 subscales (function [0-
30], overall impact [0-20], and symptoms severity 
[0-50]). Among the symptoms subscale, pain 
intensity was assessed on a numerical rating scale 
(ranging from 0 to 10). The FIQR total score (0-
100; higher is worse) represents an overall 
measure of fibromyalgia severity (e.g. the burden 
that fibromyalgia causes on the patient’s life) in 
the context of the past 7 days. The internal 
consistency (α) of this questionnaire ranges from 
0.91 to 0.95. 

Pain Catastrophizing Scale (PCS) 

The Spanish version of the PCS96 was used to 
measure pain-related catastrophizing. It is a 13-
item questionnaire in which patients are asked to 
reflect on past painful experiences and indicate 
their thoughts or feelings about pain, on a 5-point 
scale. For this study, the total score (range 0-52) 
was used, where higher scores represent a more 
negative appraisal of pain. 
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Chronic Pain Self-efficacy Scale (CPSS) 

The Spanish version97 of the CPSS98 was used to 
measure chronic pain self-efficacy. It contains 19 
items grouped into 3 subscales that assess efficacy 
expectations for coping with pain.. The total score 
is the sum of the 3 subscales (range 0-300), where 
higher values represent better self-efficacy. 

Pittsburgh Sleep Quality Index (PSQI) 

The Spanish version99 of the PSQI100 was used as 
measure of sleep quality (range 0-21; higher score 
indicating lower sleep quality). The PSQI has an 
internal consistency (α) of 0.83. 

Multidimensional Fatigue Inventory (MFI) 

The Spanish version of the MFI101 was used to 
assess fatigue. The sum of the 5 MFI subscales 
comprises an overall measure of fatigue (range 
20-100, where higher score indicates greater 
fatigue). The MFI has an internal consistency (α) 
of 0.93. 

36-items Short Form health survey (SF-36) 

The Spanish version102 of the SF-36103 was used 
to measure HRQoL. It is a generic instrument that 
assesses 8 health domains: 1) limitations in 
physical activities because of health problems; 2) 
limitations in social activities because of physical 
or emotional problems; 3) limitations in usual role 
activities because of physical health problems; 4) 
bodily pain [pain intensity and interference]; 5) 
general mental health; 6) limitations in usual role 
activities because of emotional problems; 7) 
vitality; and 8) general health perceptions. The 
score within each domain ranges from 0 to 100. 
The standardized physical component summary 
and mental component summary were computed. 
Each of these standardized scores range 0-100, 
where higher score indicate better physical/mental 
HRQoL. The SF-36 has an internal consistency of 
α=0.90 and has been widely used in patients with 
fibromyalgia. 

Paced Auditory Serial Addition Task (PASAT) 

The PASAT104,105 measures speed of information 
processing and working memory. This test has 
been previously used in fibromyalgia 
patients106,107. Participants were presented a series 

of single digit numbers (presentation rate: 2.4 
seconds) where the two most recent digits were to 
be summed. For example, if the digits ‘2’, ‘4’ and 
‘1’ were presented, the correct sums the 
participant should respond would be ‘6’ and then 
‘5’. Prior to the beginning of the test, a series of 
practice trials were performed. The percentage of 
correct responses, omissions, and errors over 60 
trials was recorded105. 

Rey Auditory Verbal Learning Test (RAVLT) 

The RAVLT108,109 measures verbal learning and 
memory functioning and has been previously 
employed in fibromyalgia patients106,110. It 
consisted of 5 verbal presentations of a 15-word 
list (list A; trials A1 through A5), each followed 
by an immediate recall trial. The number of words 
recalled on A1 served as a measure of immediate 
free recall. The sum of words recalled across trials 
A1 through A5 was used as a measure of verbal 
learning. Next, a distractor 15-word list (list B) 
was presented with a recall trial, followed by a 
post-distraction trial in which participants were 
asked to recall the initial list (list A). After a 
resting period of 20-min in a quiet room, 
participants were asked to recall list A again as a 
measure of delayed free recall. Finally, 
participants were read a list of 50 words, and the 
task (which was used to measure delayed 
recognition) consisted of recognizing whether 
each word belonged either to list A or B, or to 
neither of them. 

Pain Visual Analogue Scale (VAS) 

A 10-cm VAS87 was used to assess current pain 
intensity, with higher scores representing greater 
pain intensity. 

Physical fitness  

Physical fitness was assessed with the Senior 
Fitness Test battery111 and handgrip 
dynamometry. These performance-based 
functional fitness tests have been previously used 
in women with fibromyalgia46,47,70,71,112,113, and 
have shown to be feasible and reliable in this 
population112. We additionally included the 
handgrip strength test114.  
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Aerobic fitness was assessed with the “6-
minute walk test”, which represents a moderately 
valid and reliable measure of aerobic fitness in 
women with fibromyalgia115 and measures the 
maximum distance (in meters) that a participant is 
able to walk along a 45.7 m rectangular course 
within 6 minutes.  

Muscle strength was assessed with several 
tests. The “30-s chair stand test”111 measures 
lower-body muscle strength, as the number of 
times an individual is able to rise, starting from a 
seated position, to a full stand within 30 s with the 
back straight and feet flat on the floor, without 
pushing off with the arms. The “Arm curl test” 
measures upper-body muscle strength111 as the 
number of times a hand weight (2.3 kg for 
women) was curled through a full range of motion 
within 30 s. The average number of repetitions 
from both arms was used. Handgrip strength was 
completed with a digital dynamometer (TKK 
5101 Grip-D; Takey, Tokyo, Japan) as described 
elsewhere114 Participants performed the test twice 
(alternately with both hands), with 1 minute rest 
between trials. The best score from both hands 
were averaged.  

Flexibility was measured with two tests. The 
“chair sit and reach test” measured lower-body 
flexibility111. Starting from a sitting position with 

one leg extended, participants slowly bended 
forward sliding the hands along the extended leg 
in an attempt to touch (or pass) the toes. The 
distance (in cm) short of reaching the toe 
(negative score) or reaching beyond it (positive 
score) was recorded twice for each leg. The 
average of the best score from each leg was used. 
The “back scratch test” measured upper-body 
flexibility111. The distance between (or overlap of) 
the middle fingers behind the back was recorded 
twice for each arm, and the average of the best 
value from both of them was used.  

Motor agility was measured with the “8 feet up 
and go” test111. This test consists of standing up 
from a chair, walking 8 feet (2.44 m) to and 
around a cone, and returning to the chair in the 
shortest period of time, requiring movement 
speed, balance and motor coordination. The best 
(lower) time from two trials was used. 

The variables included in each of the seven 
studies comprising the present Doctoral Thesis are 
presented in table 2. 

The questionnaires used in the present Doctoral 
Thesis are presented as Annexes (page 133 et 
seq). 
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Table 2. Summary table of the methods used in this Doctoral Thesis. 
 
 

Project  Study Design Participants Main variables Methods 

Project I  
I. Validity and reliability of rating perceived 
exertion in women with fibromyalgia: exertion-
pain discrimination 

Cross-
sectional N= 33 RPE, VAS (pain), HR, relative VO2, RER, VE 

Incremental treadmill test with continuous HR 
and gas exchange recordings, Borg CR-10 scale 
and VAS 

Project I  
II. Association of cardiorespiratory fitness with 
pressure pain sensitivity and clinical pain in 
women with fibromyalgia 

Cross-
sectional N= 31 Peak VO2, PPT, TPC and VAS 

Incremental treadmill test with continuous HR 
and gas exchange recordings, tender points 
examination and pain intensity 

The  
al-Ándalus 

Project 

III. Association of physical fitness with pain in 
women with fibromyalgia 

Cross-
sectional N= 468 

Chair sit and reach, back scratch, handgrip 
(dynamometry), chair stand, arm curl, 8 feet up and 
go, 6-minute walk, PPT, TPC, pain intensity, pain 
catastrophizing, and chronic pain self-efficacy 

Senior Fitness Test battery and handgrip 
strength, tender points examination, FIQR 
(pain), SF-36 (bodily pain), VAS, PCS, CPSS 

The  
al-Ándalus 

Project 

IV. Association of physical fitness with 
fibromyalgia severity in women 

Cross-
sectional N= 444 

Chair sit and reach, back scratch, handgrip 
(dynamometry), chair stand, arm curl, 8 feet up and 
go, 6-minute walk and fibromyalgia severity 

Physical fitness (Senior Fitness Test battery 
and handgrip strength), and FIQR (total and 
subscale scores) 

 The  
al-Ándalus 

Project 

V. The association of physical fitness and fatness 
with cognitive function in women with 
fibromyalgia 

Cross-
sectional N= 468 

Chair sit and reach, back scratch, handgrip 
(dynamometry), chair stand, arm curl, 8 feet up and 
go, 6-minute walk, working memory, information 
processing, immediate free recall, delayed free 
recall, verbal learning, and delayed recognition 

Physical fitness (Senior Fitness Test battery 
and handgrip strength), PASAT, and RAVLT 

The  
al-Ándalus 

Project 

VI. The association of physical fitness with 
depression in women with fibromyalgia 

Cross-
sectional N= 444 

Chair sit and reach, back scratch, handgrip 
(dynamometry), chair stand, arm curl, 8 feet up and 
go, 6-minute walk, and depressive symptoms (both 
as continuous and categorized variable) 

Physical fitness (Senior Fitness Test battery 
and handgrip strength), and BDI-II  

The  
al-Ándalus 

Project 

VII. Association of different levels of depressive 
symptoms with symptomatology, overall disease 
severity and quality of life in women with 
fibromyalgia 

Cross-
sectional N= 451 

BDI-II in 4 categories (minimal, mild, moderate, 
severe), PPT, TPC, pain intensity, sleep quality, 
fatigue, functional exercise capacity, fibromyalgia 
severity and HRQoL  

Depressive symptoms (BDI-II), tender points 
examination, FIQR (pain), PSQI, MFI, 6-
minute walk, FIQR (total score), SF-36 
(physical and mental standardized components) 

 
RPE, rating of perceived exertion; VAS, visual analogue scale; HR, heart rate; VO2, oxygen uptake; RER, respiratory quotient; VE, minute ventilation; Borg CR-10 scale, Borg 0-10 Category Ratio scale; PPT, 
pressure pain threshold, TPC, tender point count; FIQR, Revised Fibromyalgia Impact Questionnaire; SF-36, 36-item Short Form health survey; PCS, pain catastrophizing scale; CPSS, chronic pain self-efficacy 
scale; PASAT, Paced Auditory Serial Addition Task; RAVLT; Rey Auditory Verbal Learning Test; BDI-II, Beck Depression Inventory second edition; PSQI, Pittsburgh Sleep Quality Index; MFI, 
Multidimensional Fatigue Inventory; HRQoL, health-related quality of life;. 
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Statistical analysis 

 
Summary statistics are presented as means 
(standard deviation; SD), unless otherwise 
indicated. The normality, linearity and 
homoschedasticity assumptions of the linear 
regression models used in the different studies 
were checked and reasonably met. Studies I, II 
and III were analyzed with SPSS v. 20 (IBM 
SPSS Statistics for Windows, Armonk, NY, IBM 
Corp), while studies IV to VII were analyzed with 
Stata v.13.1, (StataCorp LP., Texas, USA). 
Statistical significance was set at the conventional 
level of α=0.05.  

The statistical approach undertaken to accomplish 
the aims of this Doctoral Thesis is presented 
below and is summarized in table 3 (page 56). 

Analyses conducted for Study I 

The validity of the Borg CR-10 scale for 
monitoring exercise intensity was assessed with 
several tests: the Spearman’s rank correlation 
coefficient evaluated the association of RPE with 
HR, relative VO2, VE and RER. In addition, a 
linear regression model was fitted to predict each 
physiological variable as a function of RPE and 
other covariates and to estimate the per cent 
variability (R2) of each physiological variable 
explained by the models. A stepwise method was 
used to fit the models with the best set of 
explanatory variables. The covariates included in 
the models were age and weight. In addition, the 
exercise-induced pain and the interaction between 
RPE and exercise-induced pain were also 
included in the models in order to estimate their 
potential to improve the per cent variability 
explained by the models. In order to test whether 
the physiological and perceptual responses were 
sensitive to exercise intensity changes and 
whether they followed an incremental linear 
tendency, a repeated measures analysis of 
variance (rANOVA) with polynomial contrasts 
assessed the linear, quadratic and cubic 
component of RPE; exercise-induced pain; HR; 
relative VO2; VE and RER, across the first 4 
increasing workloads (n= 20). Although assuming 
an important loss of statistical power, a similar 
analysis was performed including only those 
participants who completed all 6 workloads (n= 8) 

in order to examine whether there was a similar 
trend on the perceptual and physiological 
responses at the highest exercise intensities. Data 
from the retest were used to analyze the validity, 
since it has been shown that a familiarization 
period improves the association of the RPE with 
different physiological responses27,116. 

The test–retest reliability of the Borg CR-10 scale 
during incremental treadmill exercise was 
assessed with per cent agreement and Cohen’s 
weighted Kappa (k) coefficient, since this scale 
represents ordered categorical data117. For per cent 
agreement, the methodology employed by Ortega 
et al.118 was followed. The difference between the 
reported RPE at the initial test (RPE1) and the 
reported RPE at the retest (RPE2) was computed 
for each participant and workload level. A 
difference (RPE2 – RPE1) equal to 0 was called 
“perfect” agreement (same test–retest answer), a 
difference of 0±1 was called “perfect acceptable” 
agreement118 and a difference of 0±2 was called 
“moderate” agreement. The weighted k coefficient 
not only accounts for strict agreement (as the 
“unweighted” k) but also provides weighting to 
adjacent categories117. For example, exact 
agreements might be given full weight, one-
category difference given weight ½ and so on118. 
Linear (instead of quadratic) weights were chosen 
because it is recommended when the difference 
across categories is equally important. 

To assess whether women with fibromyalgia are 
able to discriminate between perceived exertion 
and exercise-induced pain, the difference between 
reported RPE and exercise-induced pain was 
computed for each participant and workload. A 
one-sample t-test was performed to examine 
whether the differences between RPE and pain at 
each workload were statistically significant. In 
addition, in order to determine if exercise 
intensity might influence the participants’ ability 
to discriminate between RPE and pain, one-way 
analysis of covariance (ANCOVA; adjusted for 
age and weight) with the Bonferroni’s correction 
for multiple comparison assessed the differences 
between RPE and pain across workloads. 

 

 



International Doctoral Thesis                                                                                                             Alberto Soriano Maldonado  

53 

Analyses conducted for Study II 

Pearson’s correlation between the average PPT 
and the PPT at each individual site was used to 
assess if the average PPT was a valid measure of 
single pain sites. The association of CRF with the 
average PPT and VAS was analyzed with 
Pearson’s correlation and multiple linear 
regression. There was a ceiling effect regarding 
the TPC as ~60% of participants had 18 tender 
points. Therefore, the TPC was categorized as 
binary variable (0 if TPC = 18; 1 if TPC<18) and 
binary logistic regression was used to assess the 
odds of having TPC<18 as a function of CRF. The 
pain-related outcomes were introduced as 
dependent variables, and CRF was included as 
independent variable. All the analyses were 
adjusted for age and BMI. The relationship of 
CRF with PPT and TPC was further adjusted for 
VAS in order to control for clinical pain57.  

Generation of variables to be included in Studies 
III to VI 

The scores of each fitness test were standardized 
(z-score: [value mean]/SD) to allow computing a 
composite score for each fitness component 
(aerobic fitness, muscle strength, flexibility and 
motor agility). Aerobic fitness was computed as 
the z-score from the 6-minute walk test. Muscle 
strength (composite score) was computed as the 
average of the z-scores from the hand-grip, chair 
stand and arm curl tests. Flexibility (composite 
score) was computed as the average of the z-
scores from the chair sit and reach and back 
scratch tests. Motor agility was computed as the z-
score from the 8 feet up and go test multiplied by 
-1 (since higher time implies lower performance). 
To obtain a clustered measure of physical fitness, 
a ‘global fitness profile’ was calculated as the 
average of the aerobic fitness, muscle strength, 
flexibility and motor agility composite z-scores.  

Age-specific quintiles from the above-mentioned 
fitness (aerobic fitness, muscle strength, 
flexibility, motor agility and ‘global fitness 
profile’) composite scores were derived. First, age 
was categorized (<45, 45 to 52, 52 to 60 and >60). 
Within each age category, every fitness variable 
was divided into 5 approximately equal groups. 
Quintile 1 (Q1) represented the group with the 

lowest fitness level. With this procedure, we 
avoided older people with good fitness for their 
age being categorized in the lowest fitness 
quintiles. The differences (and 95% confidence 
interval [CI]) on fibromyalgia outcomes between 
extreme fitness quintiles (Q5 vs. Q1) were used to 
assess the potential clinical relevance of the 
associations under study. The magnitude of the 
differences between extreme quintiles was 
generally assessed using standardized mean 
differences (Cohen’s d). 

Analyses conducted for Study III 

The association of physical fitness with pain, 
pain-related catastrophizing and chronic pain self-
efficacy (primary aim) was analyzed with two 
complementary approaches. First, multivariate 
linear regression assessed the (individual) 
relationship of each physical fitness test with each 
of the pain-related outcomes, after adjusting for 
age, BMI and drugs consumption. We considered 
these covariates as they are known potential 
confounders of the association under 
study73,119,120. As there is evidence suggesting that 
improving physical fitness might reduce pain20,21, 
each pain-related outcome was treated as 
dependent variable, and physical fitness as 
independent variables in all the analyses.  

In addition, we conducted one-way analysis of 
covariance (ANCOVA; with age, BMI and drugs 
consumption as covariates) to assess the 
differences on each pain-related outcome across 
quintiles of each fitness component and the 
‘global fitness profile’. This procedure was 
undertaken to provide a comprehensive picture of 
the tendency (that could potentially be linear or 
non-linear) of pain levels across different levels of 
physical fitness and to assess the potential clinical 
relevance the relation under study. 

As there was a consistent pattern of association 
between fitness and pain as measured by different 
methods, we computed a clustered ‘global pain 
profile’ as a robust measure of the experience of 
pain. The ‘global pain profile’ was computed as 
the average of the z-scores (z-score: 
[value mean]/SD) from TPC, PPT, FIQR pain, 
VAS and SF-36 bodily pain. This procedure for 
computing clustered scores has been previously 
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shown with cardiovascular and other disease risk 
factors121. 

We also aimed to assess whether different fitness 
components are independently associated with 
pain (we used the ‘global pain profile’ as a robust 
measure of pain), pain-related catastrophizing and 
chronic pain self-efficacy when all the fitness 
components are simultaneously considered 
(secondary aim 1). A forward stepwise regression 
was conducted with each pain-related outcome as 
dependent variable in separate models. Age, BMI 
and drugs consumption (model 1) were introduced 
in the first stage using the ‘enter’ method so that 
they could not be excluded from the models. In 
the second stage, aerobic fitness, muscle strength, 
flexibility and motor agility were simultaneously 
introduced using a ‘forward stepwise’ procedure. 
This procedure introduces the fitness components 
step-by-step into the model (if P<0.05) according 
to the strength of their association with the 
outcome. The model will be reassessed with the 
addition of every new variable and variables will 
be left out of the model if P>0.10. 

Finally, we tested whether there was a combined 
effect of different fitness components on pain 
(‘global pain profile’), catastrophizing and self-
efficacy (secondary aim 2). The fitness 
components independently associated to each 
outcome (see secondary aim 1) were categorized 
as ‘high’=1 (if z-score≥0) or ‘low’=0 (if z-
score<0), and a new categorical variable was 
computed for each of the 3 outcomes. For 
example, if muscle strength and flexibility were 
independently associated with the ‘global pain 
profile’, the new variable would have 4 categories 
(1= low strength + low flexibility; 2= low strength 
+ high flexibility; 3= high strength + low 
flexibility; 4= high strength + high flexibility). 
One-way ANCOVA (with age, BMI and drugs 
consumption as covariates) including post-hoc 
comparisons with the Bonferroni’s correction 
assessed the differences across fitness categories. 

Analyses conducted for Study IV 

The association of physical fitness with 
fibromyalgia severity (objective 1) was analyzed 
using linear regression. The FIQR total score as 
well as the FIQR subscales were entered as 
dependent variables in separate models, and each 

of the fitness tests were entered as independent 
variables. The models were adjusted for potential 
confounders (age, % body fat, time since 
diagnosis, occupational status, and consumption 
of analgesics, antidepressants, and 
anticonvulsants).  

To further characterize the above-mentioned 
relation, linear regression (adjusted for potential 
confounders) was used to assess the association of 
the ‘global fitness profile’ with each item of the 
FIQR subscales (function, overall impact, and 
symptoms severity). Furthermore, to assess the 
potential clinical relevance of physical fitness in 
relation to fibromyalgia severity and to provide an 
overall picture of the studied relation, 1-way 
analysis of covariance with the Bonferroni’s 
correction for multiple comparisons was used to 
assess the differences in the FIQR total score 
(dependent variable) across ‘global fitness profile’ 
quintiles (independent variable). The 
abovementioned confounders were included as 
covariates. The difference in the FIQR total score 
between groups with the lowest (Q1) and highest 
(Q5) fitness levels was used to assess the potential 
clinical relevance of physical fitness in relation to 
fibromyalgia severity in this specific population. 

We also aimed to study whether the association of 
different fitness components with fibromyalgia 
severity is independent of each other (e.g. when 
all fitness tests are simultaneously accounted for; 
objective 2) and the strength of the associations. 
The FIQR total score was entered as a dependent 
variable, and the 7 fitness tests were 
simultaneously entered as independent variables 
along with all potential confounders. To account 
for the variability explained by these fitness tests 
(R2 change), a previous model including only 
potential confounders was performed and the 
difference (in R2) was computed. 

Analyses conducted for Study V 

The association of physical fitness and fatness 
with cognitive function (objective 1) was 
analyzed with multivariate linear regression. The 
variables related to cognitive function (PASAT 
and RAVLT) were entered as dependent variables 
in separate models, and each of the fitness 
components (aerobic fitness [6-minute walk], 
muscle strength [z-score], flexibility [z-score] and 
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motor agility [8 feet up and go]) and fatness 
indicators (BMI, % body fat, fat mass index and 
waist circumference) were entered individually as 
independent variables. Two models were 
conducted to control potential confounding. The 
basic model (model 1) was adjusted for age, 
educational and occupational statuses. A second 
model (model 2) was additionally adjusted for 
depression, pain intensity (both current pain and 
pain in the past 7 days) and stimulants 
consumption.  

To assess the potential clinical relevance of the 
relationships under study, we conducted 
ANCOVA (including covariates in model 2) to 
compare the scores obtained in the cognitive tasks 
between extreme quintiles (Q5 vs. Q1) of fitness 
and/or fatness. 

We also examined whether any component of 
physical fitness or fatness presented an 
independent association with cognitive function 
once the rest of components were accounted for 
(objective 2). Potential confounders were entered 
and kept fixed into the model. Then, fitness and 
fatness components were entered with a forward 
stepwise procedure (same procedure as per Study 
III).  

Analyses conducted for Study VI 

The association of physical fitness with 
depressive symptoms (objective 1) was analyzed 
with linear regression. The BDI-II total score and 
the 3 subscales were entered as dependent 
variable in separate models, and each fitness 
component as independent variable. Two 
consecutive models were built to account for 
potential confounding. Model 1 was adjusted for 
age, BMI, educational level, marital status, and 
time since diagnosis. Model 2 was additionally 
adjusted for pain intensity, sleep quality, and 
drugs consumption (analgesics, antidepressants 
and anticonvulsants), which are closely related to 
depressive symptoms. 

To further characterize the above-mentioned 
relationship, binary logistic regression (adjusted 
for potential confounders; model 2) examined the 
odds ratio (OR) for severe depression (BDI-II 
≥29; versus no severe depression) as a function of 
the different components of physical fitness in 

separate models. Furthermore, one way 
ANCOVA with the Bonferroni’s correction for 
multiple comparisons was used to assess the 
differences on the BDI-II total score (dependent 
variable) across ‘global fitness profile’ quintiles 
(independent variable). The above-mentioned 
confounders (model 2) were included as 
covariates. The difference on the BDI-II total 
score between participants in the lowest (Q1) and 
highest (Q5) fitness quintile was use to assess the 
potential clinical relevance of physical fitness in 
relation to depressive symptoms in women with 
fibromyalgia.  

We also aimed to assess whether the different 
fitness components were independently associated 
with depressive symptoms (as in previous the 
previous studies; objective 2). We conducted a 
forward stepwise regression method with the 
BDI-II total score as dependent variable. In this 
case, the 7 fitness tests were included in the model 
together with age, BMI, educational status, 
marital status, pain intensity, drugs consumption, 
and sleep quality with a forward stepwise 
procedure as previously described. In this case, all 
the variables were susceptible for being 
included/excluded from the model. 

Analyses conducted for Study VII 

To examine the association of different levels of 
depressive symptoms with fibromyalgia 
symptomatology and disease severity, the 
participants were divided into 4 levels of 
depressive symptoms (minimal, mild, moderate 
and severe) based on the BDI-II scores. We 
conducted ANCOVA with the fibromyalgia 
symptomatology factors as dependent variables in 
separate models and the BDI-II groups as 
independent variable. Pain intensity and 
medication usage (analgesics, antidepressants, and 
anticonvulsants) were included as covariates 
because they are known to be associated with 
depressive symptoms in chronic pain patients and 
the groups were unbalanced in these variables. 
Moreover, the estimates changed >10% when 
pain and medication usage were not accounted for 
in the models. Since the groups did not differ 
either in age, BMI or educational level, these 
variables were not considered as confounders and 
thus not included as covariates. Pairwise group 
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comparisons with the Tukey-Kramer correction 
for multiple comparisons (given the observed 
unequal groups size) were applied to the 

fibromyalgia symptomatology factors that showed 
a statistically significant association in the 
previous analysis. 

 
 

Table 3. Summary table of the statistical approach used in each study included in the present Doctoral Thesis. 
 

Study Statistical analysis 

I. Validity and reliability of rating perceived 
exertion in women with fibromyalgia: 
exertion-pain discrimination 

Validity: Spearman's correlation, LR (age and weight as covariates) between 
RPE and physiological variables and rANCOVA of main variables across 
workloads; Reliability: % agreement and weighted kappa coefficient; 
Exertion-pain discrimination: t-test and ANCOVA 

II. Association of cardiorespiratory fitness 
with pressure pain sensitivity and clinical pain 
in women with fibromyalgia 

Pearson's correlation and LR between CRF and PPT and VAS. Logistic 
regression of TPC<18 as a function of CRF. All models were adjusted for 
age and BMI. 

III. Association of physical fitness with pain in 
women with fibromyalgia 

Primary aim: Multivariate LR with pain-related outcomes as DV, and fitness 
as IV; and ANCOVA of pain-related outcomes (DV) across fitness quintiles; 
Secondary aim 1: Stepwise regression (confounders locked and the 4 fitness 
components simultaneously included); Secondary aim 2: ANCOVA. 
Confounders/covariates: age, BMI and drug consumption. 

IV. Association of physical fitness with 
fibromyalgia severity in women 

Objective 1: LR with FIQR variables as DV and fitness as IV; and 
ANCOVA of FIQR across quintiles of the ‘global fitness profile’; Objective 
2: Stepwise regression with the 7 fitness tests and all the confounders 
simultaneously included in the model.  
Confounders/covariates: age, %BF, time since diagnosis, occupational 
status, and medication. 

V. Association of physical fitness and fatness 
with cognitive function in women with 
fibromyalgia 

Objective 1: LR with PASAT and RAVLT as DV and fitness and fatness as 
IV; and ANCOVA of cognitive function across fitness quintiles; Objective 
2: Stepwise regression with confounders locked into the model and the 4 
fitness components simultaneously included. 
Confounders/covariates: age, educational and occupational status, 
depression, pain and stimulants. 

VI. Association of physical fitness with 
depression in women with fibromyalgia 

Objective 1: LR with BDI-II as DV and fitness as IV; and ANCOVA of 
BDI-II (DV) across quintiles of the ‘global fitness profile’; and Logistic 
regression of BDI-II≥29 as a function of fitness; Objective 2: Stepwise 
regression with confounders and the 4 fitness components simultaneously 
included. 
Confounders/covariates: age, BMI, educational and marital status, time since 
diagnosis, pain and medication. 

VII. Association of different levels of 
depressive symptoms with symptomatology, 
overall disease severity and quality of life in 
women with fibromyalgia 

BDI-II scores divided into 4 severity categories: ANCOVA with 
fibromyalgia outcomes as DV and categories of BDI-II as IV. Pairwise 
group comparisons with Tukey-Kramer correction whenever there was a 
statistically significant association. 
Confounders/covariates: pain and medication as covariates 

 
LR, linear regression; RPE, rating of perceived exertion; rANCOVA, repeated measures analysis of covariance; ANCOVA, analysis of 
covariance; CRF, cardiorespiratory fitness; PPT, pressure pain threshold; VAS, visual analogue scale; TPC, tender point count; BMI, body mass 
index; DV, dependent variable; IV, independent variable; FIQR, Revised Fibromyalgia Impact Questionnaire; %BF, percentage of body fat; 
PASAT, Paced Auditory Serial Addition Task; RAVLT, Rey Auditory Verbal Learning Test; BDI-II, Beck Depression Inventory second edition. 
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RESULTS 

 
The results of each individual study comprising the present Doctoral Thesis are presented below. 

Study I. Validity and reliability of rating perceived exertion in women with fibromyalgia: exertion-
pain discrimination 

 
The participant’s flow diagram is presented in 
figure 1. Thirty-three participants (mean age 48.1, 
SD = 7.9 years; mean BMI: 27.0, sx = 5.8 kg · 
m−2) completed stages 1 and 2; 28 (84.8%) 
completed stage 3; 20 (60.6%) completed stage 4; 
11 (33.3%) completed Stage 5 and 8 (24.2%) 
completed stage 6.  

Validity 

The linear association of RPE with the 
physiological responses is presented in figure 2. 

The correlations ranged from 0.69 to 0.79 (all 
P<0.001). The regression models explained ~50% 
of the total variance from the studied 
physiological responses (figure 2). Exercise-
induced pain (P>0.05) and the RPE × pain 
interaction (P>0.05) were not included in the final 
models since the predictive capacity of the models 
was unchanged after their inclusion (figure 2). 
The average values and the linear trend of the 
perceptual and physiological responses during the 
first 4 (n=20) and 6 (n=8) workloads are displayed 
in table 4 and table 5, respectively. 

 

Figure 1. Flow diagram of the study participants in Study I. 
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Figure 2. Association between the Rating of Perceived Exertion (RPE) and physiological responses during an 
incremental treadmill test in women with fibromyalgia. 
rs, Spearman correlation coefficient; CI, confidence interval; R2, coefficient of determination indicating the 
proportion of variability explained by the model. 
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Table 4. Repeated measures ANOVA examining the linear trend of the average perceptual and physiological responses across the first 4 workloads of the 
incremental treadmill test in women with fibromyalgia. 
 

  
     Workload 1      Workload 2     Workload 3     Workload 4 

P (ANOVA) * 
Linear trend 

Partial eta2 

Linear trend      (n=20)      (n=20)     (n=20)     (n=20) 

  Mean SE Mean SE Mean SE Mean SE 

RPE (CR-10 scale) 0.65 0.221 1.20 0.268 3.90 0.416 5.95 0.515 <0.001 0.876 
Exercise-induced pain (VAS) 0.59 0.126 0.94 0.158 2.56 0.361 3.87 0.582 <0.001 0.676 
Heart rate (bpm) 96.3 3.220 106.0 3.530 135.0 4.290 147.7 3.780 <0.001 0.950 

Relative VO2 (mL·kg-1·min-1) 7.75 0.460 9.59 0.491 14.49 0.734 16.37 0.799 <0.001 0.888 

RER 0.798 0.015 0.867 0.018 1.045 0.024 1.068 0.022 <0.001 0.923 

VE (L·min-1) 13.7 0.836 17.4 0.923 31.1 1.931 36.9 2.362 <0.001 0.875 

 
RPE, rating of perceived exertion; CR-10, 10-points category ratio scale; VAS, visual analogue scale (range 0-10); % HR max, percentage of the maximal heart rate; % HRR, 
percentage of the heart rate reserve; VO2, oxygen uptake; RER, respiratory quotient; VE, minute ventilation. 
* The ANOVA was performed only with the data from the participants who completed workload 4 (n=20).  
 

 

 

 



International Doctoral Thesis                                                                                                                                                                                                                                                              Alberto Soriano Maldonado  

62 

 
 
 
 
 
 
 

Table 5. Repeated measures ANOVA examining the linear trend of the average perceptual and physiological responses across the 6 workloads of the incremental treadmill test in 
women with fibromyalgia.  

 

  
Workload 1 Workload 2 Workload 3 Workload 4 Workload 5 Workload 6 

P (ANOVA) * 
Linear trend 

Partial eta2 

Linear 
trend 

(n=8) (n=8) (n=8) (n=8) (n=8) (n=8) 

  Mean  SE Mean  SE Mean  SE Mean  SE Mean  SE Mean  SE 

RPE (CR-10 scale) 0.88 0.350 1.25 0.453 3.63 0.706 4.88 0.743 6.13 0.833 7.18 0.730 <0.001 0.943 
Exercise-induced pain (VAS) 0.44 0.157 0.63 0.216 1.14 0.364 2.03 0.671 2.24 0.695 3.17 0.858 <0.001 0.687 
Heart rate (bpm) 97.1 5.488 106.6 6.091 131.6 6.231 142.9 4.635 151.6 4.226 161.1 3.948 <0.001 0.949 

Relative VO2 (mL·kg-1·min-1) 7.70 0.672 9.15 0.681 12.85 0.622 14.54 0.465 17.05 0.702 18.96 1.007 <0.001 0.927 

RER 0.786 0.030 0.849 0.034 0.979 0.027 1.003 0.034 1.019 0.027 1.046 0.030 <0.001 0.956 

VE (L·min-1) 13.8 1.459 16.8 1.530 25.9 1.654 30.6 1.811 36.6 1.846 42.3 2.520 <0.001 0.957 

 
RPE, rating of perceived exertion; CR-10, 10-points category ratio scale; VAS, visual analogue scale (range 0-10); % HR max, percentage of the maximal heart rate; % HRR, percentage of the heart rate reserve; VO2, 
oxygen uptake; RER, respiratory quotient; VE, minute ventilation. 
* The ANOVA was performed only with the data from the participants who completed workload 6 (n=8).  
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The rANOVA revealed a statistically significant 
linear increase of perceptual (RPE and exercise-
induced pain) and physiological (HR, relative 
VO2, VE and RER) responses during the first 4 
incremental workloads (table 4). Similar results 
were obtained when the 6 workloads were 
included in the analysis (n = 8; table 5).  
 
Reliability 
 
“Perfect” agreement was observed in 41.9% (95% 
confidence interval [CI]: 25.7–58.9%) of the 
observations, “perfect-acceptable” agreement in 
69.0% (95% CI: 52.2–83.6%) and “moderate” 
agreement in 83.7% (95% CI: 69.7–95.3%) for 
the test–retest reported RPE. The weighted k-

coefficient of the test–retest reported RPE was 
0.66 (95% CI: 0.59–0.72; P < 0.001). 

Exertion-pain discrimination 

The difference between RPE and exercise-induced 
pain across workloads is represented in figure 3. 
There were no differences between the reported 
RPE and pain during the first 2 workloads (in 
which exercise intensity was rather low). 
However, the difference between the two 
constructs was statistically significant from 
workload 3 (in which the treadmill speed was 7.5 
km·h−1) onwards. The ANCOVA revealed that the 
difference between RPE and exercise-induced 
pain followed a linear trend with workload 
increases (figure 3). 

 
 

Figure 3. Differences between Rating of Perceived Exertion (RPE) and 
exercise-induced pain perception across workloads during an incremental 
treadmill test in women with fibromyalgia. 
 

Common superscripts indicate significant (p < 0.05) differences between the 
workloads with the same letter (ANCOVA adjusted for age and weight). 
 

* Comparison (one sample t-test vs. 0) between RPE and exercise-induced pain 
at each workload. 
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Study II. Association of cardiorespiratory fitness with pressure pain sensitivity and clinical pain in 
women with fibromyalgia 

 
Thirty-three participants (100%) completed stages 
1 and 2 of the treadmill test; 28 (84.8%) 
completed stage 3; 20 (60.6%) completed stage 4; 
11 (33.3%) completed stage 5; and 8 (24.2 %) 
completed stage 6. Two participants were 
registered peak VO2 values of <6 mL·kg−1·min−1 
and were excluded as they were influencing the 
consistency of the models, and these values are 

extremely low to be valid. The characteristics of 
the study participants are presented in table 6. 
The average peak VO2 of the study sample was 
19.5 mL·kg−1·min−1. The average percentage of 
maximum HR122 during the test was 93.8% (SD 
6.7), and the average maximum (RER) was 1.12 
(SD 0.12).  

 

 Table 6. Characteristics of the study participants in Study II. 

  Women with 
fibromyalgia (n=31) 

  Mean (SD) 
Age (years) 48.3 7.8 
Weight (kg) 68.0 13.1 
Height (cm) 158.5 5.4 

BMI (kg·m-2) 27.1 5.2 

Average PPT (kg·cm-2) 2.3 0.7 

TPC (nº positive tender points) 16.7 2.0 
Duration of symptoms (years) 17.7 10.8 

Peak VO2 (mL·kg-1·min-1) 19.5 3.4 

 
n (%) 

Marital status (%) 
     Married 28 (90.3) 

   Single 2 (6.5) 
   Widow 1 (3.2) 
Educational status (%) 

     Primary school 18 (58.1) 
   Secondary school 6 (19.4) 
   University medium degree 2 (6.4) 
   University higher degree 5 (16.1) 
Current occupational status (%) 

     Unemployed 14 (45.2) 
   Working full time 6 (19.4) 
   Working part time 5 (16.1) 
   Sick leave 1 (3.2) 
   Inability 1 (3.2) 
   Retired/pensioner 4 (12.9) 

 
Values are mean and standard deviation (SD) unless otherwise 
indicated. BMI, body mass index; PPT, pressure pain threshold; TPC, 
tender points count; VO2, oxygen uptake. 
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The correlation of the average PPT with the PPT 
at each of the 18 individual tender points ranged 
between 0.705 and 0.923 (all, P<0.001). The 
correlations of CRF with the average PPT and 
VAS were 0.355, (P<0.001) and 0.058 (P>0.05), 
respectively. Linear regression revealed that CRF 
was associated with the PPT (B= 0.093; 95% CI 
0.064–0.122; P<0.001; R2= 0.306; table 7), but 

not with VAS (B= 0.068; 95% CI −0.061-0.197; 
P>0.05). Logistic regression revealed that the 
odds of having <18 tender points was 1.51 (95% 
CI 1.30–1.75; P<0.001) times higher for each 
additional mL·kg−1·min−1 of peak VO2 (table 7). 
A graphical representation of the relationship of 
CRF with the average PPT, TCP and VAS is 
presented in figure 4. 

 

Table 7. Multivariable linear and binary logistic regression models assessing the relationship of cardiorespiratory 
fitness (CRF) with the average pressure pain threshold (PPT) and tender points count (TPC), respectively, in 
women with fibromyalgia. 

 

 
 

        PPT (linear regression) 
 

TPC (logistic regression) 

 
β B 95% CI P 

 
OR 95% CI P 

CRF (mL·kg-1·min-1) 0.449 0.093 0.064 , 0.122 <0.001  1.506 1.299 , 1.746 <0.001 

Age (y) 0.012 0.001 -0.011 , 0.014 0.861  1.052 0.995 , 1.113 0.076 

BMI (kg·m-2) 0.134 0.018 -0.003 , 0.039 0.097  0.995 0.916 , 1.081 0.906 

VAS (FIQ-pain, cm) -0.430 -0.116 -0.149 , -0.083 <0.001   0.776 0.670 , 0.900 0.001 
 

VO2, oxygen uptake; BMI, body mass index; VAS, visual analogue scale; FIQ, fibromyalgia impact questionnaire; β, standardized 
regression coefficient; B, unstandardized regression coefficient; CI, confidence interval; OR, odds ratio. 

CRF, Age, BMI and VAS all-together entered into the model as independent variables, while PPT and TPC were entered in separate 
models as dependent variables. The OR represents the odds of having lower than 18 tender points (divided the odds of having 18 
points) as a function of CRF and the other variables in the model. The model was adjusted for Age, BMI and clinical pain (VAS). 
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Figure 4. Graphical representation of the association of cardiorespiratory fitness 
(peak oxygen uptake; VO2) with experimental (pressure pain threshold and tender 
points count) and clinical (visual analogue scale) pain in women with fibromyalgia. 
B, unstandardized regression coefficient; CI, confidence interval; R2, proportion of 
variability explained by the model. 
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Study III. Association of physical fitness with pain in women with fibromyalgia 

 
The final sample in this study comprised 468 
women with fibromyalgia, some of which did not 
perform some fitness tests due to physical injury 
(<2.5%). The descriptive characteristics of the 
study participants are presented in table 8. The 
association of physical fitness with pain, pain-
related catastrophizing and chronic pain self-

efficacy (primary aim) is presented in table 9. 
Overall, higher performance on physical fitness 
tests was associated with lower levels of pain 
(regardless of the assessment tool), lower pain-
related catastrophizing and higher chronic pain 
self-efficacy. 

  

Table 8. Characteristics of the study participants in Study III. 
 

  n Mean SD Min Max 
Age (years) 468 52.1 8.0 28.5 73.5 
Weight (kg) 467 71.2 13.8 43.4 130.8 
Height (m) 467 157.8 6.0 141.5 177.0 
BMI (kg·m-2) 467 28.6 5.4 17.4 52.1 
Waist circumference (cm) 467 90.5 12.9 60.0 146.0 
PPT (kg·cm-2) 468 2.4 0.75 1.0 4.2 
TPC (number of points) 468 16.8 2.0 11.0 18.0 
FIQR-pain (numerical rating scale, 0-10) 468 7.6 1.8 1.0 10.0 
VAS (pain; 0-10) 467 6.0 2.2 0.0 10.0 
Bodily pain (SF-36 subscale) 466 20.9 14.7 0.0 74.0 
PCS (total score) 467 25.0 12.7 0.0 52.0 
CPSS (total score) 468 135.4 55.2 6.3 300.0 
Chair sit and reach test (cm) 468 -11.3 12.1 -45.0 21.0 
Back scratch test (cm) 468 -14.4 12.6 -57.5 17.5 
Hand grip strength (kg) 468 19.0 6.5 2.5 40.8 
Chair stand test (repetitions) 461 10.3 3.3 2.0 24.0 
8 feet up & go test (s) 464 6.9 1.9 4.1 16.9 
Arm curl test (repetitions) 458 14.3 5.0 0.0 33.0 
6-minute walk test (m) 457 485.4 78.8 246.8 731.2 

 
SD, standard deviation; BMI, body mass index; PPT, pressure pain threshold; TPC, tender 
point count; FIQR, revised fibromyalgia impact questionnaire; VAS, visual analogue scale; 
PCS, Pain Catastrophizing Scale; Chronic Pain Self-efficacy Scale; SF-36, short form 36-item 
health survey. 
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Table 9. Linear regression models examining the association of physical fitness 
with pain levels, pain-related catastrophizing and chronic pain self-efficacy in 
women with fibromyalgia. 

 

  β B 95% CI P 
PPT 

         Sit & reach (cm) 0.206 0.013 0.007 , 0.018 <0.001 
   Back scratch (cm) 0.076 0.004 -0.001 , 0.010 0.135 
   Hand grip strength (kg) 0.125 0.014 0.004 , 0.025 0.008 
   Chair Stand test (repetitions) 0.231 0.052 0.031 , 0.073 <0.001 
   8 feet up & go (s) -0.234 -0.075 -0.105 

 
-0.045 <0.001 

   Arm curl (repetitions) 0.239 0.036 0.022 , 0.049 <0.001 
   6-minute walk (m) 0.170 0.001 0.001 , 0.002 0.001 
TPC  

        Sit & reach (cm) -0.146 -0.024 -0.039 , -0.009 0.001 
   Back scratch (cm) -0.041 -0.006 -0.022 , 0.009 0.421 
   Hand grip strength (kg) -0.079 -0.023 -0.052 , 0.005 0.102 
   Chair Stand test (repetitions) -0.111 -0.065 -0.121 , -0.010 0.020 
   8 feet up & go (s) 0.122 0.102 0.022 , 0.182 0.013 
   Arm curl (repetitions) -0.138 -0.054 -0.091 , -0.017 0.004 
   6-minute walk (m) -0.124 -0.001 -0.005 , -0.001 0.015 
FIQR (pain)  

        Sit & reach (cm) -0.193 -0.029 -0.043 , -0.016 <0.001 
   Back scratch (cm) -0.237 -0.035 -0.049 , -0.020 <0.001 
   Hand grip strength (kg) -0.199 -0.056 -0.082 , -0.030 <0.001 
   Chair Stand test (repetitions) -0.194 -0.107 -0.157 , -0.056 <0.001 
   8 feet up & go (s) 0.198 0.156 0.082 , 0.231 <0.001 
   Arm curl (repetitions) -0.193 -0.071 -0.104 , -0.037 <0.001 
   6-minute walk (m) -0.266 -0.006 -0.008 , -0.004 <0.001 
VAS       
   Sit & reach (cm) -0.182 -0.033 -0.049 , -0.016 <0.001 
   Back scratch (cm) -0.128 -0.022 -0.039 , -0.005 0.013 
   Hand grip strength (kg) -0.255 -0.084 -0.114 , -0.054 <0.001 
   Chair Stand test (repetitions) -0.260 -0.169 -0.228 , -0.110 <0.001 
   8 feet up & go (s) 0.178 0.165 0.077 , 0.253 <0.001 
   Arm curl (repetitions) -0.228 -0.098 -0.137 , -0.059 <0.001 
   6-minute walk (m) -0.240 -0.006 -0.009 , -0.004 <0.001 
SF-36 (bodily pain)       
   Sit & reach (cm) 0.242 0.294 0.186 , 0.403 <0.001 
   Back scratch (cm) 0.250 0.292 0.177 , 0.406 <0.001 
   Hand grip strength (kg) 0.181 0.405 0.199 , 0.612 <0.001 
   Chair Stand test (repetitions) 0.214 0.949 0.544 , 1.353 <0.001 
   8 feet up & go (s) -0.215 -1.349 -1.938 , -0.760 <0.001 
   Arm curl (repetitions) 0.233 0.676 0.413 , 0.940 <0.001 
   6-minute walk (m) 0.294 0.050 0.034 , 0.066 <0.001 
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Table 9 (cont.). 

  β B 95% CI P 
PCS (total score) 

        Sit & reach (cm) -0.224 -0.235 -0.327 , -0.143 <0.001 
   Back scratch (cm) -0.293 -0.293 -0.389 , -0.198 <0.001 
   Hand grip strength (kg) -0.191 -0.368 -0.542 , -0.194 <0.001 
   Chair Stand test (repetitions) -0.199 -0.761 -1.106 , -0.416 <0.001 
   8 feet up & go (s) 0.168 0.906 0.402 , 1.411 <0.001 
   Arm curl (repetitions) -0.227 -0.571 -0.796 , -0.346 <0.001 
   6-minute walk (m) -0.268 -0.039 -0.053 , -0.025 <0.001 
CPSS (total score) 

        Sit & reach (cm) 0.319 1.445 1.055 , 1.835 <0.001 
   Back scratch (cm) 0.317 1.379 0.965 , 1.793 <0.001 
   Hand grip strength (kg) 0.263 2.205 1.457 , 2.954 <0.001 
   Chair Stand test (repetitions) 0.333 5.508 4.063 , 6.953 <0.001 
   8 feet up & go (s) -0.342 -8.015 -10.118 , -5.912 <0.001 
   Arm curl (repetitions) 0.328 3.571 2.620 , 4.522 <0.001 
   6-minute walk (m) 0.437 0.277 0.219 , 0.334 <0.001 

 
FIQR, Revised Fibromyalgia Impact Questionnaire; SF-36, 36-Item Short Form health survey; 
PCS, Pain Catastrophizing Scale; CPSS, Chronic Pain Self-efficacy Scale; VAS, Visual Analogue 
Scale; β, standardized regression coefficient; B, unstandardized regression coefficient expressing 
the expected unit change in the dependent variable for each unit change in the independent variable 
(when the rest of the variables in the model remain unchanged); CI, confidence interval. All the 
analyses are adjusted for age, body mass index and drugs consumption. 

A higher score (s) in the 8 feet up & go test represents lower performance. 

 
 

A graphical representation of the association of 
aerobic fitness, muscle strength, flexibility and 
motor agility (composite scores) with pain, 
catastrophizing and self-efficacy is presented in 
figure 5. In general, there was a linear (dose-
response) relationship so that higher levels of 
fitness were associated with lower levels of pain 
and catastrophizing and higher self-efficacy. 

The difference on pain-related outcomes between 
fitness quintiles (Q5 vs. Q1) can be observed in 
table 10. Effect sizes (Cohen’s d) were generally 
large (d≥|0.80|) except for PPT that was moderate-
to-large (d=|0.70|) and TPC that was moderate 
(d=|0.47|). 
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Figure 5. Graphical representation of the association between quintiles of aerobic fitness, muscle strength, flexibility and motor agility with different 
measures of pain, pain-related catastrophizing and chronic pain self-efficacy in women with fibromyalgia.  
Quintile 1 represents the group with the lowest fitness level. Aerobic fitness was computed as the z-score from the 6-minute walk test. Muscle strength was 
computed as the average of the z-scores from the handgrip, chair stand and arm curl tests. Flexibility was computed as the average of the z-scores from the 
chair sit and reach and back scratch tests. Motor agility was computed as the z-score from the 8 feet up and go test multiplied by -1 (higher time implies lower 
performance). 

It must be noted that higher pressure pain threshold and bodily pain scores represent lower levels of pain. 
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Table 10. Differences between participants in quintile 5 (Q5) and quintile 1 (Q1) of the ‘global fitness 
profile’ on pain outcomes, pain-related catastrophizing and chronic pain self-efficacy in women with 
fibromyalgia. 

 

  
Q1 Q5 Difference 

Q5 - Q1 95% CI P Cohen's 
d 

95% CI of 
Cohen's d 

VAS (units) 6.9 5.1 -1.8 -0.3 , -0.9 <0.001 -0.85 -1.16 , -0.54 
PPT (kg·cm-2) 2.06 2.57 0.51 0.20 , 0.82 <0.001 0.70 0.40 , 1.00 
TPC (number of points) 17.3 16.4 -0.9 -0.2 , -0.1 0.020 -0.47 -0.77 , -0.17 
Pain rating (FIQR, units) 8.3 6.9 -1.4 -2.1 , -0.6 <0.001 -0.80 -1.07 , -0.46 
Bodily pain (SF-36) 15.2 27.6 12.4 6.5 , 18.3 <0.001 0.88 0.58 , 1.20 
PCS (total score) 31.9 19.4 -12.6 -17.7 , -7.5 <0.001 -1.02 -1.37 , -0.74 
CPSS (total score) 100.5 178.3 77.8 57.2 , 98.3 <0.001 1.61 1.27 , 1.94 

 
VAS, visual analogue scale; PPT, pressure pain threshold; TPC, tender point count; FIQR, revised fibromyalgia impact 
questionnaire; SF-36, 36-Item Short Form health survey; PCS, Pain Catastrophizing Scale; CPSS, Chronic Pain Self-efficacy 
Scale; Q5 represents the group with the highest ‘global fitness profile’; Q1 represents the group with the lowest ‘global fitness 
profile’. 

 
 

The independent association of different fitness 
components with the pain-related outcomes 
(secondary aim 1) is presented in table 11. Muscle 
strength and flexibility were independently 
associated with the ‘global pain profile’ (both, 
P<0.01), while aerobic fitness and flexibility were 
independently associated with pain-related 
catastrophizing (both P<0.001) and chronic pain 
self-efficacy (both P<0.001).  

A combined effect (secondary aim 2) was observed 
so that participants with high muscle strength + 
high flexibility had significantly lower pain levels 
than any other group (figure 6A). Similar trends 
were observed for pain-related catastrophizing 
(figure 6B) and chronic pain self-efficacy (figure 
6C) so that the participants with high aerobic 
fitness + high flexibility had the best profiles.  
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Table 11. Stepwise regression models assessing the independent association of the different 
components of physical fitness with the ‘global pain profile’, pain-related catastrophizing and chronic 
pain self-efficacy in women with fibromyalgia. 

 

Global pain profile 

  β B 95% CI P 
(coefficients) R2 R2 change P 

(model) 

Step 1 
      

0.032 - 0.001 

   Age 0.015 0.001 -0.006 , 0.009 0.754 
      BMI 0.054 0.007 -0.005 , 0.018 0.265 
      Drugs consumption 0.171 0.128 0.059 , 0.197 <0.001 
   Step 2 

      
0.133 0.101 <0.001 

   Age 0.013 0.001 -0.006 , 0.008 0.773 
      BMI 0.046 0.006 -0.005 , 0.017 0.321 
      Drugs consumption 0.133 0.099 0.033 , 0.165 0.003 
      Muscle strength -0.314 -0.246 -0.315 , -0.177 <0.001 
   Step 3 

      
0.148 0.015 <0.001 

   Age 0.014 0.001 -0.006 , 0.008 0.750 
      BMI 0.013 0.002 -0.010 , 0.013 0.775 
      Drugs consumption 0.121 0.091 0.025 , 0.157 0.007 
      Muscle strength -0.235 -0.184 -0.264 , -0.104 <0.001 
      Flexibility -0.158 -0.128 -0.212 , -0.044 0.003 
   Pain-related catastrophizing 

  β B 95% CI P 
(coefficients) R2 R2 change P 

(model) 

Step 1 
      

0.064 - <0.001 

   Age -0.049 -0.006 -0.018 , 0.005 0.301 
      BMI 0.139 0.026 0.009 , 0.043 0.003 
      Drugs consumption 0.219 0.251 0.148 , 0.355 <0.001 
   Step 2 

      
0.138 0.074 <0.001 

   Age -0.048 -0.006 -0.017 , 0.005 0.290 
      BMI 0.078 0.015 -0.002 , 0.032 0.094 
      Drugs consumption 0.183 0.209 0.109 , 0.309 <0.001 
      Flexibility -0.285 -0.351 -0.461 , -0.241 <0.001 
   Step 3 

      
0.160 0.022 <0.001 

   Age -0.047 -0.006 -0.017 , 0.005 0.296 
      BMI 0.051 0.010 -0.007 , 0.027 0.272 
      Drugs consumption 0.167 0.191 0.092 , 0.291 <0.001 
      Flexibility -0.208 -0.257 -0.378 , -0.136 <0.001 
      Aerobic fitness -0.178 -0.185 -0.288 , -0.082 <0.001 
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Table 11 (cont.).  

Chronic pain self-efficacy 

  β B 95% CI P 
(coefficients) R2 R2 change P 

(model) 

Step 1 
      

0.048 - <0.001 

   Age -0.029 -0.004 -0.015 , 0.008 0.539 
      BMI -0.146 -0.027 -0.044 , -0.010 0.002 
      Drugs consumption -0.166 -0.187 -0.290 , -0.085 <0.001 
   Step 2 

      
0.194 0.146 <0.001 

   Age -0.032 -0.004 -0.014 , 0.007 0.462 
      BMI -0.051 -0.009 -0.026 , 0.007 0.259 
      Drugs consumption -0.106 -0.120 -0.215 , -0.024 0.014 
      Aerobic fitness 0.400 0.410 0.320 , 0.499 <0.001 
   Step 3 

      
0.236 0.042 <0.001 

   Age -0.032 -0.004 -0.014 , 0.006 0.452 
      BMI -0.025 -0.005 -0.021 , 0.011 0.565 
      Drugs consumption -0.090 -0.101 -0.195 , -0.008 0.033 
      Aerobic fitness 0.295 0.302 0.205 , 0.399 <0.001 
      Flexibility 0.239 0.290 0.176 , 0.403 <0.001 
    

BMI, body mass index; β, standardized regression coefficient; B, unstandardized regression coefficient; CI, confidence 
interval; R2, adjusted coefficient of determination, expressing the percent variability of the dependent variable 
explained by each model; R2 change, additional percent variability explained by the model due to the inclusion of the 
new term. 
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Figure 6. Combined effect of different components of physical fitness on the ‘global 
pain profile’, pain-related catastrophizing and chronic pain self-efficacy in women 
with fibromyalgia.  
The reported P-values correspond to the analysis of covariance (ANCOVA; with age, 
body mass index and drugs consumption as covariates). For each component, high 
fitness was considered when z-score≥0 and low fitness when z-score<0.  MS, muscle 
strength; AF, aerobic fitness; Flex, flexibility. 

Common superscripts indicate significant (P<0.05) differences between the groups 
with the same letter. 
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Study IV. Association of physical fitness with fibromyalgia severity in women 

 
The final study sample included in this study 
consisted of participants with complete data in all 
study variables (n=444). The descriptive 
characteristics of the study participants are 
presented in table 12. 

The association of physical fitness with the FIQR 
total score as well as with the different subscales 
(objective 1) is presented in table 13. Higher 

physical fitness was significantly and consistently 
associated with lower FIQR total and subscales 
scores, regardless of the fitness test used. The 
specific relation of the ‘global fitness profile’ with 
each item of the function, overall impact, and 
symptom severity subscales of the FIQR is 
presented in table 14. With few exceptions, there 
was a significant association between fitness and 
self-reported items of the FIQR (P<0.001). 

 
 
Table 12. Descriptive characteristics of the study 
participants in Study IV (n=444). 
 

  Mean SD 
Age (years) 52.1 7.9 
BMI (kg·m-2) 28.5 5.2 
% body fat 40.1 7.6 
FIQR total score (0-100) 64.9 16.7 
FIQR function subscale (0-30) 17.3 6.4 
FIQR overall impact subscale (0-20) 12.6 5.4 
FIQR symptoms subscale (0-50) 34.9 7.7 
Chair sit and reach (cm) -11.3 12.1 
Back scratch (cm) -14.2 12.4 
Hand grip (kg) 19.1 6.4 
Chair stand (repetitions) 10.4 3.3 
Arm curl (repetitions) 14.3 5.0 
8 feet up & go (s) 6.9 1.9 
6-minute walk (m) 486.0 79.0 

 
n  % 

Time since diagnosis     
    Less that 1 year 32 7.2 
    Between 1 and 5 years 154 34.7 
    More than 5 years 258 58.1 
Current occupationa status   
    Working 109 24.6 
    Not working 335 75.5 
Drugs consumption   
    Analgesics (yes) 400 90.1 
    Antidepressants (yes) 257 57.9 
    Anticonvulsants (yes) 75 16.9 

 
SD, standard deviation; BMI, body mass index; FIQR, 
revised fibromyalgia impact questionnaire. 
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Table 13. Standardized and non-standardized regression coefficients assessing the association of 
physical fitness with the FIQR total score and the function, overall impact, and symptoms severity 
subscales (n=444). 
 

  β B SE 95% CI P 
Overall FM severity (FIQR total; 0-100)       
   Flexibility (Chair sit and reach, cm) -0.182 -0.252 0.061 -0.373 , -0.132 <0.001 
   Flexibility (Back scratch, cm) -0.229 -0.309 0.062 -0.432 , -0.186 <0.001 
   Muscle strength (Hand-grip, kg) -0.180 -0.473 0.116 -0.701 , -0.245 <0.001 
   Muscle strength (Chair Stand, repetitions) -0.275 -1.393 0.219 -1.824 , -0.962 <0.001 
   Muscle strength (Arm curl, repetitions) -0.243 -0.816 0.145 -1.101 , -0.530 <0.001 
   Motor agility (8 feet up and go, s) 0.274 2.471 0.402 1.680 , 3.262 <0.001 
   Aerobic fitness (6-minute walk, m) -0.307 -0.065 0.010 -0.085 , -0.046 <0.001 
Function (0-30)        
   Flexibility (Chair sit and reach, cm) -0.162 -0.086 0.025 -0.136 , -0.037 0.001 
   Flexibility (Back scratch, cm) -0.189 -0.098 0.026 -0.149 , -0.047 <0.001 
   Muscle strength (Hand-grip, kg) -0.180 -0.182 0.048 -0.275 , -0.088 <0.001 
   Muscle strength (Chair Stand, repetitions) -0.296 -0.580 0.090 -0.756 , -0.404 <0.001 
   Muscle strength (Arm curl, repetitions) -0.267 -0.347 0.059 -0.464 , -0.230 <0.001 
   Motor agility (8 feet up and go, s) 0.258 0.901 0.166 0.574 , 1.228 <0.001 
   Aerobic fitness (6-minute walk, m) -0.299 -0.025 0.004 -0.033 , -0.016 <0.001 
Overall impact (0-20)        
   Flexibility (Chair sit and reach, cm) -0.142 -0.063 0.020 -0.102 , -0.023 0.002 
   Flexibility (Back scratch, cm) -0.153 -0.066 0.021 -0.107 , -0.026 0.001 
   Muscle strength (Hand-grip, kg) -0.090 -0.076 0.038 -0.151 , 0.000 0.049 
   Muscle strength (Chair Stand, repetitions) -0.210 -0.340 0.073 -0.483 , -0.197 <0.001 
   Muscle strength (Arm curl, repetitions) -0.172 -0.185 0.048 -0.280 , -0.090 <0.001 
   Motor agility (8 feet up and go, s) 0.185 0.535 0.134 0.272 , 0.799 <0.001 
   Aerobic fitness (6-minute walk, m) -0.236 -0.016 0.003 -0.023 , -0.010 <0.001 
Symptoms severity (0-50)        
   Flexibility (Chair sit and reach, cm) -0.163 -0.103 0.028 -0.159 , -0.047 <0.001 
   Flexibility (Back scratch, cm) -0.235 -0.145 0.029 -0.201 , -0.088 <0.001 
   Muscle strength (Hand-grip, kg) -0.180 -0.216 0.054 -0.321 , -0.111 <0.001 
   Muscle strength (Chair Stand, repetitions) -0.205 -0.473 0.102 -0.674 , -0.272 <0.001 
   Muscle strength (Arm curl, repetitions) -0.184 -0.284 0.068 -0.417 , -0.150 <0.001 
   Motor agility (8 feet up and go, s) 0.251 1.034 0.187 0.667 , 1.402 <0.001 
   Aerobic fitness (6-minute walk, m) -0.256 -0.025 0.005 -0.034 , -0.016 <0.001 

 
β, standardized regression coefficient; B, non-standardized regression coefficient indicating the expected unit change 
in the dependent variable as one unit increase in the independent variable (once adjusted for potential confounders); 
CI, confidence interval; FM, fibromyalgia; FIQR, Revised Fibromyalgia Impact Questionnaire. 

Each regression model was adjusted for age, % body fat, time since diagnosis, occupational status, and consumption 
of analgesics, antidepressants and anticonvulsants. 

A higher score (s) in the 8 feet up & go test represents lower performance. 
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Table 14. Regression coefficients assessing the association of the ‘global fitness profile’ with individual 
items from the function, overall impact, and symptoms severity subscales from the FIQR (n=444). 
 

Global fitness profile 
  β B SE 95% CI P 
Function subscale        
   Comb hair [0-10] -0.194 -0.862 0.239 -1.331 , -0.393 <0.001 
   Walk for 20 min [0-10] -0.323 -1.571 0.247 -2.058 , -1.085 <0.001 
   Prepare a meal [0-10] -0.268 -1.152 0.223 -1.590 , -0.714 <0.001 
   Clean floors [0-10] -0.247 -0.947 0.203 -1.346 , -0.548 <0.001 
   Carry a bag of groceries [0-10] -0.185 -0.664 0.193 -1.044 , -0.284 <0.001 
   Climb a flight of stairs [0-10] -0.219 -0.975 0.232 -1.431 , -0.519 <0.001 
   Change bed sheets [0-10] -0.308 -1.355 0.226 -1.800 , -0.911 <0.001 
   Sit for 45 minutes [0-10] -0.168 -0.690 0.223 -1.130 , -0.251 <0.001 
   Go shopping for groceries [0-10] -0.195 -0.877 0.240 -1.348 , -0.406 <0.001 
Overall impact subscale        
   Can't achieve goals [0-10] -0.240 -0.928 0.197 -1.314 , -0.541 <0.001 
   Feel overwhelmed [0-10] -0.189 -0.890 0.241 -1.364 , -0.416 <0.001 
Symptoms severity subscale        
   Pain rating [0-10] -0.239 -0.603 0.131 -0.859 , -0.346 <0.001 
   Energy rating [0-10] -0.232 -0.754 0.166 -1.081 , -0.427 <0.001 
   Stiffness rating [0-10] -0.181 -0.588 0.171 -0.924 , -0.252 0.001 
   Sleep quality [0-10] -0.147 -0.390 0.141 -0.668 , -0.113 0.006 
   Depression level [0-10] -0.242 -1.203 0.237 -1.669 , -0.737 <0.001 
   Memory problems [0-10] -0.176 -0.661 0.201 -1.056 , -0.266 0.001 
   Anxiety level [0-10] -0.172 -0.746 0.225 -1.188 , -0.305 0.001 
   Tenderness level [0-10] -0.059 -0.214 0.201 -0.609 , 0.180 0.286 
   Balance problems [0-10] -0.251 -0.987 0.206 -1.391 , -0.582 <0.001 
   Environmental sensitivity [0-10] -0.057 -0.164 0.157 -0.473 , 0.145 0.298 

 
β, standardized regression coefficient; B, non-standardized regression coefficient indicating the expected unit change in 
the dependent variable as one unit increase in the independent variable (once adjusted for potential confounders); CI, 
confidence interval; FIQR, Revised Fibromyalgia Impact Questionnaire. 
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The association of the ‘global fitness profile’ with 
the FIQR total score is shown in figure 7. There 
was a linear trend such that higher physical fitness 
was associated with a lower FIQR total score. The 

group with the highest fitness level (Q5) had 16% 
lower fibromyalgia severity (95% confidence 
interval, 9.0%-22.2%; P<0.001) than did the 
group with the lowest fitness level (Q1). 

 
 

Figure 7. Graphical representation of the association between 
physical fitness (‘global fitness profile’) and fibromyalgia severity 
(as assessed with the Revised Fibromyalgia Impact Questionnaire 
[FIQR] total score) in women with fibromyalgia. 
Comparisons were made using analysis of covariance, with age, % 
body fat, time since diagnosis, occupational status, and drug 
consumption as covariates. Bonferroni’s correction was applied for 
multiple comparisons.  

Common superscripts indicate significant differences (P<0.05) 
between the groups with the same letters.  

The difference between Q1 (FIQR total score, 73.1) and Q5 (FIQR 
total score, 57.5) obtained with analysis of covariance was 15.6 
(~16%). 
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The 6-minute walk and the back scratch tests were 
independently associated with fibromyalgia 
severity (FIQR total score; objective 2) regardless 

of potential confounders and the remaining fitness 
tests that were simultaneously considered (table 
15). 

 

 

Table 15. Regression model assessing the independent association of 
different physical fitness tests with fibromyalgia severity (FIQR total 
score; n=444). 

 

FIQR total score 

  
β B SE P 

   Age -0.176 -0.370 0.101 <0.001 
   % body fat 0.015 0.032 0.100 0.747 
   Occupational status -0.108 -4.119 1.680 0.015 
  Time since diagnosis 0.086 1.314 0.668 0.050 
   Analgesics -0.001 -0.045 2.354 0.985 
   Antidepressants 0.263 8.826 1.491 <0.001 
   Anticonvulsants 0.115 5.135 1.858 0.007 
   Chair sit and reach -0.065 -0.092 0.071 0.200 
   Back scratch -0.119 -0.166 0.069 0.016 
   Hand-grip -0.008 -0.020 0.136 0.881 
   Chair Stand -0.092 -0.486 0.362 0.180 
   Arm curl -0.058 -0.200 0.222 0.367 
   8 feet up and go -0.002 -0.022 0.732 0.976 
   6-minute walk -0.141 -0.031 0.015 0.038 

 
FIQR, Revised Fibromyalgia Impact Questionnaire; β, standardized regression 
coefficient; B, non-standardized regression coefficient; SE, standard error. 

R2 of the model without fitness variables: 0.186 (18.6%); R2 change by including 
the fitness variables: 0.088 (8.8%); Adjusted R2 of the complete model: 0.274 
(27.4%).  
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Study V. Association of physical fitness and fatness with cognitive function in women with 
fibromyalgia 

 
The descriptive characteristics of the study 
participants are presented in table 16. Participants 
were, on average, 52-year old and presented mean 
BMI and body fat values of 28.6 kg/m2 and 40%, 

respectively. Almost 60% of participants reported 
an educational level of no studies or Primary 
School and 42% were not working. 

  

Table 16. Descriptive characteristics of the study participants in Study V. 
 

  n Mean SD 
Age (years) 468 52.2 8.0 
Weight (kg) 467 71.2 13.8 
Height (cm) 467 157.8 6.0 
BMI (kg·m-2) 467 28.6 5.4 
Body fat (%) 458 40.1 7.6 
Fat mass index (kg·m-2) 458 11.8 4.2 
Waist circumference (cm) 467 90.5 12.9 
Waist to height ratio (cm) 466 0.57 0.09 
Depression (BDI-II total score, [0-63]) 466 26.5 11.6 
Pain intensity (FIQR [0-10]) 468 7.6 1.8 
Chair Sit and reach (cm) 468 -11.3 12.1 
Back scratch (cm) 468 -14.4 12.6 
Hand grip strength (kg) 467 19.1 6.4 
Chair Stand test (repetitions) 461 10.3 3.3 
8 feet up and go (s) 461 6.90 1.86 
Arm curl (repetitions) 458 14.3 5.0 
6-minute walk (m) 457 485.4 78.8 
PASAT (correct responses [%]) 456 52.0 19.5 
PASAT (ommitted responses [%]) 456 35.3 18.2 
PASAT (incorrect responses [%]) 456 12.7 9.3 
RAVLT (immediate free recall [0-15]) 468 5.4 1.7 
RAVLT (delayed free recall [0-15]) 466 9.3 3.1 
RAVLT (verbal learning [0-75]) 468 46.5 9.3 
RAVLT (delayed recongnition [0-50]) 466 34.7 5.9 

 
  n (%) 

Educationa Status (%) 
      No studies  51 (10.9) 

    Primary school  227 (48.5) 
    Secondary school/Professional training  126 (26.92) 
    University medium/higher degree  64 (13.68) 
Current occupationa status (%)  

      Not working  198 (42.31) 
    Housewife  149 (31.84) 
    Working part time/studying  51 (10.9) 
    Working full time  70 (14.96) 

 
SD, standard deviation; BMI, body mass index; BDI, Beck Depression Inventory 
II; FIQR, revised fibromyalgia impact questionnaire; PASAT, Paced Auditory 
Serial Addition Task; RAVLT, Rey Auditory Verbal Learning Test. 



International Doctoral Thesis                                                                                                             Alberto Soriano Maldonado  

81 

The association of physical fitness and body 
fatness with the PASAT and RAVLT scores 
(objective 1) is displayed in table 17 and table 
18, respectively. Overall, model 1 revealed that 
the four components of physical fitness were 
associated (P<0.05) with fewer omitted responses 
and a higher number of correct responses 
(PASAT; P<0.005), as well as with better delayed 
recall, verbal learning and delayed recognition 
(RAVLT; P<0.005). Body fatness (regardless of 
total or central) was not associated with cognitive 
performance (all, P>0.05), either in model 1 or 2. 
Model 2 showed that when additional 
confounders were included, the magnitude of the 

fitness coefficients decreased, although they 
remained significant with some exceptions 
especially in the PASAT, in which only aerobic 
fitness (correct and omitted responses) and 
flexibility (correct responses) persisted significant 
(P<0.05; table 17). There was no fitness×fatness 
interaction regarding any of the outcomes (all, 
P>0.10). In order to account for the potential 
confounding effect of body fat in the fitness-
cognition relationship, the analyses regarding 
physical fitness were repeated including % body 
fat as covariate and the regression coefficients 
were unchanged. 
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Table 17. Linear regression assessing the association of physical fitness and fatness with the Paced Auditory Serial Addition 
Task (PASAT). 

 

  PASAT 

 
Model 1   Model 2 

Correct responses (%) β B 95% CI P   β B 95% CI P 
   Aerobic fitness (6-minute walk, m) 0.186 0.047 0.025 , 0.069 <0.001 

 
0.137 0.034 0.011 , 0.058 0.004 

   Muscle strength (z-score) 0.087 2.037 0.040 , 4.034 0.046 
 

0.028 0.661 -1.409 , 2.731 0.530 
   Flexibility (z-score) 0.145 3.417 1.428 , 5.407 0.001 

 
0.094 2.209 0.106 , 4.313 0.040 

   Motor agility (8 feet up and go, s) -0.094 -1.099 -2.107 , -0.091 0.033 
 

-0.045 -0.524 -1.561 , 0.513 0.321 
   Body mass index (kg·m-2) -0.065 -0.235 -0.543 , 0.073 0.134 

 
-0.044 -0.161 -0.468 , 0.146 0.303 

   Body fat (%) -0.040 -0.102 -0.324 , 0.120 0.368 
 

-0.021 -0.054 -0.275 , 0.167 0.632 
   Fat mass index (kg·m-2) -0.050 -0.231 -0.631 , 0.168 0.255 

 
-0.028 -0.130 -0.529 , 0.269 0.523 

   Waist circumference (cm) -0.053 -0.081 -0.212 , 0.051 0.227 
 

-0.033 -0.049 -0.180 , 0.081 0.456 
Ommitted responses (%) 

                Aerobic fitness (6-minute walk, m) -0.186 -0.044 -0.064 , -0.023 <0.001 
 

-0.129 -0.030 -0.052 , -0.009 0.006 
   Muscle strength (z-score) -0.068 -1.484 -3.376 , 0.408 0.124 

 
-0.004 -0.089 -2.050 , 1.872 0.929 

   Flexibility (z-score) -0.133 -2.929 -4.788 , -1.069 0.002 
 

-0.078 -1.718 -3.676 , 0.240 0.085 
   Motor agility (8 feet up and go, s) 0.095 1.046 0.102 , 1.989 0.030 

 
0.042 0.460 -0.508 , 1.428 0.351 

   Body mass index (kg·m-2) 0.058 0.197 -0.091 , 0.485 0.179 
 

0.038 0.128 -0.158 , 0.413 0.380 
   Body fat (%) 0.040 0.095 -0.110 , 0.301 0.364 

 
0.020 0.048 -0.156 , 0.251 0.647 

   Fat mass index (kg·m-2) 0.046 0.201 -0.169 , 0.570 0.286 
 

0.023 0.101 -0.266 , 0.469 0.588 
   Waist circumference (cm) 0.057 0.080 -0.042 , 0.202 0.199 

 
0.035 0.049 -0.072 , 0.170 0.425 

Incorrect responses (%) 
                Aerobic fitness (6-minute walk, m) -0.027 -0.003 -0.015 , 0.009 0.602 

 
-0.035 -0.004 -0.017 , 0.009 0.521 

   Muscle strength (z-score) -0.052 -0.553 -1.590 , 0.484 0.295 
 

-0.054 -0.572 -1.667 , 0.522 0.305 
   Flexibility (z-score) -0.044 -0.489 -1.568 , 0.591 0.374 

 
-0.044 -0.491 -1.646 , 0.663 0.403 

   Motor agility (8 feet up and go, s) 0.010 0.053 -0.488 , 0.594 0.847 
 

0.012 0.064 -0.502 , 0.630 0.824 
   Body mass index (kg·m-2) 0.022 0.038 -0.127 , 0.204 0.650 

 
0.019 0.034 -0.135 , 0.202 0.696 

   Body fat (%) 0.006 0.007 -0.111 , 0.125 0.910 
 

0.005 0.006 -0.113 , 0.126 0.916 
   Fat mass index (kg·m-2) 0.014 0.031 -0.181 , 0.243 0.775 

 
0.013 0.029 -0.187 , 0.244 0.795 

   Waist circumference (cm) 0.001 0.001 -0.070 , 0.071 0.985 
 

0.001 0.000 -0.071 , 0.072 0.994 
 

β, standardized regression coefficient; B, unstandardized regression coefficient expressing the expected unit change in the dependent variable for 
each unit change in the independent variable (when the rest of the variables in the model remain unchanged); CI, confidence interval. 

The muscle strength z-score was calculated as the weighted average of the standardized scores ([value-mean]/standard deviation) from the chair 
stand test (lower body strength), hand grip and arm curl tests (upper body strength). The flexibility z-score was calculated as the average of the 
standardized scores from the chair sit and reach and back scratch tests. A higher score (s) in the 8 feet up & go test represents lower performance. 

Model 1: basic model adjusted for age, educational status and occupational status. 

Model 2: model 1 + depression (Beck Depression Inventory; BDI-II, total score), pain (FIQR-pain) and stimulants consumption. 
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Table 18. Linear regression assessing the association of physical fitness and fatness with the Rey Auditory Verbal Learning 
Test (RAVLT). 

 

   RAVLT 

 
Model 1   Model 2 

Immediate free recall (0-15) β B 95% CI P   β B 95% CI P 
   Aerobic fitness (6-minute walk, m) 0.074 0.002 0.000 , 0.004 0.123 

 
0.052 0.001 -0.001 , 0.003 0.300 

   Muscle strength (z-score) 0.053 0.105 -0.077 , 0.287 0.256 
 

0.039 0.079 -0.113 , 0.271 0.420 
   Flexibility (z-score) 0.064 0.129 -0.053 , 0.311 0.164 

 
0.039 0.078 -0.116 , 0.273 0.429 

   Motor agility (8 feet up and go, s) -0.040 -0.036 -0.118 , 0.046 0.392 
 

-0.020 -0.018 -0.105 , 0.068 0.676 
   Body mass index (kg·m-2) -0.042 -0.013 -0.041 , 0.015 0.349 

 
-0.038 -0.012 -0.040 , 0.016 0.401 

   Body fat (%) -0.007 -0.002 -0.022 , 0.019 0.878 
 

-0.004 -0.001 -0.021 , 0.019 0.933 
   Fat mass index (kg·m-2) -0.034 -0.014 -0.050 , 0.022 0.456 

 
-0.030 -0.012 -0.048 , 0.025 0.523 

   Waist circumference (cm) -0.008 -0.001 -0.013 , 0.011 0.865 
 

-0.004 -0.001 -0.012 , 0.011 0.924 
Delayed free recall (0-15) 

                Aerobic fitness (6-minute walk, m) 0.195 0.008 0.004 , 0.011 <0.001 
 

0.186 0.007 0.003 , 0.011 <0.001 
   Muscle strength (z-score) 0.106 0.380 0.040 , 0.720 0.029 

 
0.088 0.317 -0.041 , 0.675 0.083 

   Flexibility (z-score) 0.150 0.556 0.211 , 0.901 0.002 
 

0.128 0.474 0.106 , 0.841 0.012 
   Motor agility (8 feet up and go, s) -0.149 -0.246 -0.402 , -0.091 0.002 

 
-0.125 -0.206 -0.370 , -0.043 0.014 

   Body mass index (kg·m-2) 0.014 0.008 -0.045 , 0.061 0.767 
 

0.024 0.013 -0.040 , 0.066 0.619 
   Body fat (%) 0.013 0.005 -0.033 , 0.043 0.787 

 
0.022 0.009 -0.029 , 0.047 0.656 

   Fat mass index (kg·m-2) 0.014 0.010 -0.058 , 0.078 0.767 
 

0.025 0.019 -0.050 , 0.087 0.595 
   Waist circumference (cm) 0.012 0.003 -0.020 , 0.025 0.802 

 
0.024 0.006 -0.017 , 0.028 0.618 

Verbal learning (0-75) 
                Aerobic fitness (6-minute walk, m) 0.221 0.026 0.016 , 0.036 <0.001 

 
0.185 0.022 0.011 , 0.033 <0.001 

   Muscle strength (z-score) 0.166 1.813 0.862 , 2.764 <0.001 
 

0.129 1.416 0.421 , 2.410 0.005 
   Flexibility (z-score) 0.169 1.884 0.926 , 2.843 <0.001 

 
0.118 1.312 0.297 , 2.327 0.011 

   Motor agility (8 feet up and go, s) -0.181 -0.900 -1.333 , -0.467 <0.001 
 

-0.136 -0.678 -1.129 , -0.227 0.003 
   Body mass index (kg·m-2) -0.048 -0.083 -0.230 , 0.065 0.274 

 
-0.030 -0.052 -0.199 , 0.095 0.485 

   Body fat (%) -0.028 -0.034 -0.140 , 0.073 0.536 
 

-0.010 -0.012 -0.118 , 0.093 0.816 
   Fat mass index (kg·m-2) -0.044 -0.097 -0.288 , 0.095 0.322 

 
-0.022 -0.049 -0.239 , 0.141 0.611 

   Waist circumference (cm) -0.031 -0.022 -0.085 , 0.041 0.488 
 

-0.012 -0.008 -0.071 , 0.054 0.789 
Delayed recognition (0-50) 

                Aerobic fitness (6-minute walk, m) 0.141 0.011 0.004 , 0.018 0.003 
 

0.133 0.010 0.003 , 0.017 0.009 
   Muscle strength (z-score) 0.140 0.968 0.341 , 1.596 0.003 

 
0.129 0.898 0.233 , 1.562 0.008 

   Flexibility (z-score) 0.161 1.145 0.507 , 1.783 <0.001 
 

0.146 1.045 0.363 , 1.728 0.003 
   Motor agility (8 feet up and go, s) -0.186 -0.594 -0.882 , -0.306 <0.001 

 
-0.173 -0.554 -0.858 , -0.250 <0.001 

   Body mass index (kg·m-2) 0.023 0.026 -0.072 , 0.124 0.608 
 

0.034 0.038 -0.061 , 0.137 0.454 
   Body fat (%) 0.022 0.017 -0.054 , 0.087 0.641 

 
0.032 0.025 -0.046 , 0.096 0.490 

   Fat mass index (kg·m-2) 0.024 0.034 -0.092 , 0.161 0.596 
 

0.037 0.052 -0.076 , 0.181 0.421 
   Waist circumference (cm) -0.009 -0.004 -0.046 , 0.038 -0.190 

 
0.002 0.001 -0.041 , 0.043 0.960 

 
β, standardized regression coefficient; B, unstandardized regression coefficient expressing the expected unit change in the dependent variable for 
each unit change in the independent variable (provided other variables remain fixed); CI, confidence interval.  

The muscle strength z-score was calculated as the average of the standardized scores ([value-mean]/standard deviation) from the chair stand test, 
hand grip and arm curl tests. The flexibility z-score was calculated as the average of the standardized scores from the chair sit and reach and back 
scratch tests. A higher score (s) in the 8 feet up & go test represents lower performance. 

Model 1: basic model adjusted for age, educational status and occupational status.  

Model 2: model 1 + depression (Beck Depression Inventory; BDI-II, total score), pain (FIQR-pain) and stimulants consumption. 
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Since body fatness was not associated with 
cognitive function, the forward stepwise 
procedure was only used to assess whether the 
different fitness components presented an 
independent association with cognitive function 
(objective 2; table 19). In general, aerobic fitness 
was the only fitness component associated with 

most measures of cognitive function regardless 
of potential confounders and the other fitness 
components included in the models. However, 
the only fitness component with independent 
predictive capacity with regards to delayed 
recognition [RAVLT] was motor agility 
(P<0.001). 

 
 

Table 19. Stepwise forward regression assessing the independent association of different components of physical 
fitness with cognitive function in women with fibromyalgia. 

 

PASAT: Correct responses (%)   PASAT: Ommitted responses (%) 

  β P Adj. 
R2 

R2 
change     β P Adj. 

R2 
R2 

change 

1st step 
  

0.256 
  

1st step 
  

0.265 
 Age -0.166 <0.001 

   
Age 0.152 0.001 

  Educational status 0.278 <0.001 
   

Educational status -0.296 <0.001 
  Housewife -0.050 0.277 

   
Housewife 0.054 0.238 

  Working part-time -0.045 0.327 
   

Working part-time 0.027 0.549 
  Working full-time 0.119 0.010 

   
Working full-time -0.117 0.011 

  Depression (BDI-II) -0.091 0.042 
   

Depression (BDI-II) 0.106 0.017 
  Pain (FIQR) -0.096 0.032 

   
Pain (FIQR) 0.095 0.033 

  Stimulants 0.031 0.459 
   

Stimulants -0.041 0.322 
  2nd step 

  
0.271 0.014 

 
2nd step 

  
0.278 0.013 

Aerobic fitness  0.137 0.004 
   

Aerobic fitness -0.129 0.006 
  RAVLT: Immediate free recall   RAVLT: Delayed free recall 

  β P Adj. 
R2 

R2 
change     β P Adj. 

R2 
R2 

change 

1st step 
  

0.132 
  

1st step 
  

0.061 
 Age -0.170 <0.001 

   
Age -0.108 0.032 

  Educational status 0.246 <0.001 
   

Educational status 0.111 0.026 
  Housewife -0.054 0.263 

   
Housewife 0.037 0.469 

  Working part-time -0.031 0.515 
   

Working part-time -0.055 0.277 
  Working full-time -0.058 0.238 

   
Working full-time -0.017 0.742 

  Depression (BDI-II) -0.004 0.936 
   

Depression (BDI-II) -0.085 0.086 
  Pain (FIQR) -0.110 0.019 

   
Pain (FIQR) 0.029 0.561 

  Stimulants -0.056 0.209 
   

Stimulants 0.012 0.796 
  

      
2nd step 

  
0.087 0.026 

      
Aerobic fitness 0.186 <0.001 
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Table 19 (Cont.). 

RAVLT: Verbal Learning   RAVLT: Delayed recognition 

  β P Adj. 
R2 

R2 
change     β P Adj. 

R2 
R2 

change 

1st step 
  

0.214 
  

1st step 
  

0.130 
 Age -0.197 <0.001 

   
Age -0.234 <0.001 

  Educational status 0.292 <0.001 
   

Educational status 0.118 0.013 
  Housewife -0.009 0.841 

   
Housewife -0.089 0.069 

  Working part-time -0.034 0.457 
   

Working part-time -0.055 0.245 
  Working full-time -0.075 0.110 

   
Working full-time -0.038 0.436 

  Depression (BDI-II) -0.120 0.008 
   

Depression (BDI-II) -0.057 0.228 
  Pain (FIQR) -0.035 0.440 

   
Pain (FIQR) 0.017 0.722 

  Stimulants 0.008 0.849 
   

Stimulants 0.033 0.461 
  2nd step 

  
0.241 0.026 

 
2nd step 

  
0.154 0.024 

Aerobic fitness 0.185 <0.001       Motor agility -0.173 0.001     
 

PASAT, Paced Auditory Serial Addition Task; RAVLT, Rey Auditory Verbal Learning Test; BDI, Beck Depression Inventory; FIQR, 
revised fibromyalgia impact questionnaire; β, standardized regression coefficient; Adj. R2, adjusted coefficient of determination, 
expressing the percent variability of the dependent variable explained by each model; R2 change, additional percent variability 
explained by the model due to the inclusion of the new term. A higher score in motor agility [8 feet up & go test (s)] represents lower 
performance. 

Variables in step 1 remained fixed in the model, and aerobic fitness (6-minute walk), muscle strength (z-score), flexibility (z-score) and 
motor agility (s) were entered using a forward stepwise method. Variables would enter into the model when P<0.05, and would be left 
out when P>0.10.  

Occupational status was entered as dummy variable with the lowest category (not working) as reference. 

The aerobic fitness z-score was computed as the standardized score ([value-mean]/standard deviation) of the 6-minute walk test. The 
motor agility z-score was computed as the standardized score ([value-mean]/standard deviation) of the 8 feet up and go test. 
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One way ANCOVA revealed that participants 
with the highest fitness levels (aerobic fitness or 
motor agility; Q5) had significantly higher 
cognitive function than participants with the 

lowest fitness levels (Q1; P<0.05; table 20), with 
the exception of immediate recall. Cohen’s d 
ranged from |0.38| to |0.51|. 

 
 

Table 20. Cognitive performance of participants in the highest fitness quintile (Q5) compared to that 
of participants in the lowest fitness quintile (Q1). 

  
Q1 Q5 Difference 

Q5 - Q1 95% CI P Cohen's 
d 

Correct responses (PASAT, %) 47.8 54.8 6.9 1.6 , 12.3 0.012 0.39 
Ommitted responses (PASAT, %) 39.1 32.7 -6.4 -11.4 , -1.4 0.012 -0.38 
Immediate free recall (RAVLT, 0-15) 5.1 5.3 0.1 -0.4 , 0.6 0.590 0.08 
Delayed free recall (RAVLT, 0-15) 8.4 9.9 1.5 0.6 , 2.5 0.001 0.51 
Verbal Learning (RAVLT, 0-75) 43.3 47.7 4.4 1.8 , 6.9 0.001 0.51 
Delayed recognition (RAVLT, 0-50) 33.0 36.0 3.0 1.2 , 4.6 0.001 0.51 

 
PASAT, Paced Auditory Serial Addition Task; RAVLT, Rey Auditory Verbal Learning Test; Q, quintile; CI, 
confidence interval. 

The model was adjusted for age, educational status and occupational statuses, depression and pain. 

The values of delayed recognition correspond to Q5 and Q1 of motor agility. The rest of the outcomes correspond to 
Q5 and Q1 of aerobic fitness (derived from stepwise regression in objective 2). 
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Study VI. Association of physical fitness with depression in women with fibromyalgia 

 
In this study, only participants with complete data 
in all study variables were included in the 
analyses (N=444). The descriptive characteristics 
of the study participants are presented in table 21. 
There were statistically significant differences in 

the average items-score across the 3 BDI-II 
subscales (P<0.001), with the somatic elements 
subscale presenting the highest average score 
(table 22). 

 

Table 21. Descriptive characteristics of the study 
participants in Study VI (n=444).  

 

  Mean SD 
Age (years) 52.0 8.0 
BMI (kg·m-2) 28.6 5.4 
BDI-II total score (0-63) 26.3 11.6 
Chair sit and reach (cm) -11.1 11.8 
Back scratch (cm) -13.9 12.2 
Handgrip (kg) 19.3 6.3 
Chair stand (repetitions) 10.5 3.2 
Arm curl (repetitions) 14.4 4.9 
8 feet up and go (s) 6.8 1.7 
6-minute walk (m) 487.5 77.9 
Pain intensity (FIQR pain; NRS, 0-10) 7.5 1.8 
Sleep quality (PSQI total score, 0-21) 12.7 3.8 

 
n  % 

Educational Status  
    No studies 49 11.0 
    Primary school 219 49.3 
    Secondary school/Professional training 116 26.1 
    University medium/higher degree 60 13.5 
Current occupational status   
    Not working 181 40.8 
    Housewife 145 32.7 
    Working part time/studying 50 11.3 
    Working full time 68 15.3 
Drugs consumption   
    Analgesics (yes) 400 90.1 
    Antidepressants (yes) 254 57.2 
    Anticonvulsants (yes) 72 16.2 

 
BMI, body mass index; BDI-II, Beck Depression Inventory 
second edition; NRS, numerical rating scale; FIQR, Revised 
Fibromyalgia Impact Questionnaire; PSQI, Pittsburgh Sleep 
Quality Index; SD, standard deviation. 
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Table 22. Descriptive profile of the different items comprising the 
Beck Depression Inventory (BDI-II) in women with fibromyalgia. 

 

  
Mean SD 

Mean 
subscale 

score 
P 

Negative attitude [0-30]a 
   

<0.001 

   Sadness 0.99 0.81 

0.98 a,b 

   Pessimism 1.27 0.98 
   Past failure 0.90 1.00 
   Guilty feelings 0.88 0.87 
   Punishment feelings 0.59 1.04 
   Self-dislike 1.12 1.08 
   Self-criticalness 1.09 0.99 
   Suicidal thoughts 0.46 0.64 
   Crying 1.35 1.03 
   Worthlessness 1.17 0.97 

Performance difficulty [0-18]b   
   Loss of pleasure 1.28 0.82 

1.30 b,c 

   Agitation 1.18 0.85 
   Loss of interest 1.19 0.90 
   Indeciciveness 1.46 0.99 
   Irritability 1.18 0.88 
   Concentration difficulty 1.55 0.77 

Somatic symtoms [0-15]c    
   Loss of energy 1.83 0.72 

1.72 a,c 
   Changes in sleep 1.72 0.80 
   Changes in appettite 1.19 0.98 
   Tiredness or Fatigue 2.05 0.87 
   Loss of interest in sex 1.80 1.03 

 
SD, standard deviation. 

P-values correspond to repeated measures analysis of variance comparing the 
average score across the three subscales of the Beck Depression Inventory II. 
Common superscripts indicate significant differences (P<0.05) between the 
groups with the same letter (after applying the Bonferroni’s correction for 
multiple comparisons). 

 

The association of physical fitness with 
depressive symptoms (objective 1) is displayed in 
table 23. Initial analyses (model 1) revealed a 
statistically significant association of all fitness 
tests with the total BDI-II and subscale scores (all, 
P<0.001). Adjusting for pain, drugs consumption, 
and sleep quality (model 2) reduced the 
magnitude of the coefficients (all >10%). 
However, all the fitness tests presented a 
statistically significant inverse association with 
the total BDI-II score (all, P<0.05), with the 
exception of the chair sit and reach test (P=0.059). 
Upper-body flexibility was associated with the 

total (β=-0.148; P=0.001) and subscales scores of 
the BDI-II (except the somatic elements subscale 
[P=0.055]), but lower-body flexibility was not 
related to neither of the outcomes (all, P>0.05). 
Upper and lower body muscle strength was 
associated with the total BDI-II score, although 
there were inconsistencies across the different 
subscales. Motor agility was consistently 
associated to the total (β=0.148; P=0.001) and 
subscale scores of the BDI-II (all, P<0.01). The 
distance walked in 6 minutes was associated with 
the total BDI-II score (β=-0.095; P=0.041), but 
not with the 3 individual subscales (all, P>0.05). 



International Doctoral Thesis                                                                                                                       Alberto Soriano Maldonado  

89 

 

Table 23. Association between physical fitness and depressive symptoms (Beck Depression Inventory; BDI-II) in 
women with fibromyalgia. 

 

                                              BDI-II 
  Model 1   Model 2 

  β B 95% CI P   β B 95% CI P 
Total score [0-63]              
   Chair sit and reach, cm -0.217 -0.209 -0.296 , -0.122 <0.001  -0.079 -0.076 -0.155 , -0.076 0.059 
   Back scratch, cm -0.288 -0.265 -0.356 , -0.174 <0.001  -0.148 -0.136 -0.219 , -0.054 0.001 
   Handgrip, kg -0.215 -0.394 -0.563 , -0.226 <0.001  -0.092 -0.169 -0.319 , -0.019 0.028 
   Chair stand, repetitions -0.233 -0.826 -1.153 , -0.500 <0.001  -0.089 -0.317 -0.613 , -0.021 0.036 
   Arm curl, repetitions -0.230 -0.542 -0.758 , -0.327 <0.001  -0.089 -0.210 -0.404 , -0.015 0.035 
   8 feet up and go, s 0.288 1.805 1.217 , 2.393 <0.001  0.148 0.927 0.391 , 1.463 0.001 
   6-minute walk, m -0.274 -0.040 -0.055 , -0.026 <0.001  -0.095 0.014 -0.028 , -0.001 0.041 
Negative Attitude [0-30]              
   Chair sit and reach, cm -0.182 -0.097 -0.145 , -0.048 <0.001  -0.060 -0.032 -0.077 , 0.013 0.166 
   Back scratch, cm -0.264 -0.135 -0.185 , -0.084 <0.001  -0.144 -0.073 -0.121 , -0.026 0.003 
   Handgrip, kg -0.183 -0.185 -0.278 , -0.092 <0.001  -0.077 -0.078 -0.165 , 0.008 0.076 
   Chair stand, repetitions -0.200 -0.392 -0.573 , -0.210 <0.001  -0.073 -0.144 -0.313 , 0.026 0.097 
   Arm curl, repetitions -0.199 -0.260 -0.380 , -0.140 <0.001  -0.076 -0.099 -0.211 , 0.013 0.083 
   8 feet up and go, s 0.251 0.867 0.540 , 1.194 <0.001  0.127 0.440 0.132 , 0.747 0.005 
   6-minute walk, m -0.246 -0.020 -0.028 , -0.012 <0.001  -0.090 -0.007 -0.015 , 0.000 0.063 
Performance difficulty [0-18]             
   Chair sit and reach, cm -0.203 -0.061 -0.089 , -0.034 <0.001  -0.077 -0.023 -0.049 , 0.002 0.074 
   Back scratch, cm -0.273 -0.079 -0.108 , -0.050 <0.001  -0.144 -0.042 -0.069 , -0.015 0.002 
   Handgrip, kg -0.203 -0.117 -0.170 , -0.063 <0.001  -0.088 -0.050 -0.099 , -0.002 0.043 
   Chair stand, repetitions -0.215 -0.238 -0.341 , -0.135 <0.001  -0.082 -0.091 -0.188 , 0.005 0.063 
   Arm curl, repetitions -0.233 -0.172 -0.240 , -0.105 <0.001  -0.105 -0.077 -0.140 , -0.014 0.016 
   8 feet up and go, s 0.269 0.527 0.341 , 0.713 <0.001  0.142 0.278 0.104 , 0.453 0.002 
   6-minute walk, m -0.242 -0.011 -0.016 , -0.007 <0.001  -0.079 -0.004 -0.008 , 0.001 0.103 
Somatic elements [0-15]              
   Chair sit and reach, cm -0.211 -0.051 -0.073 , -0.029 <0.001  -0.085 -0.020 -0.041 , 0.000 0.051 
   Back scratch, cm -0.225 -0.052 -0.075 , -0.029 <0.001  -0.092 -0.021 -0.043 , 0.000 0.055 
   Handgrip, kg -0.203 -0.093 -0.135 , -0.051 <0.001  -0.088 -0.040 -0.079 , -0.001 0.045 
   Chair stand, repetitions -0.222 -0.197 -0.279 , -0.114 <0.001  -0.093 -0.082 -0.159 , -0.005 0.037 
   Arm curl, repetitions -0.187 -0.110 -0.165 , -0.056 <0.001  -0.057 -0.033 -0.084 , 0.018 0.199 
   8 feet up and go, s 0.263 0.411 0.263 , 0.559 <0.001  0.134 0.209 0.069 , 0.349 0.004 
   6-minute walk, m -0.249 -0.009 -0.013 , -0.006 <0.001   -0.084 -0.003 -0.007 , 0.000 0.086 

 
BDI-II, Beck depression inventory second edition; β, standardized regression coefficient; B, non-standardized regression 
coefficient; CI, confidence interval. 

A higher score (s) in the 8 feet up & go test represents lower performance. 

1 Model 1: adjusted for age, body mass index, educational level, marital status and time since diagnosis. 

2 Model 2: adjusted for ‘model 1’ + pain intensity, drugs (analgesics, antidepressants and anticonvulsants) consumption and sleep 
quality. 
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Table 24 presents the adjusted OR for severe 
depressive symptoms (versus no depressive 
symptoms) as a function of the different physical 
fitness tests. The odds of severe symptoms of 
depression was: 3.7% (95%CI: 5.7 to 1.7%; 
P<0.001) lower for each additional cm. of 
performance in the back scratch test; 4.8% 
(95%CI: 8.2 to 1.2%; P=0.010) lower for each 
additional kg in the handgrip test; 5.3% (95%CI: 
0.6 to 9.8%; P=0.027) lower for each additional 
repetition on the arm curl test; and 16.9% 

(95%CI: 2.7 to 33.1%; P=0.018) higher for each 
additional second (worse performance) on the 8 
feet up and go test.  

Figure 8 shows the relationship between quintiles 
of the ‘global fitness profile’ and the total BDI-II 
score. The group of patients with the highest 
‘global fitness profile’ (Q5) had, in average, 5.3 
(95% CI: 0.6 to 9.9) units (8.4%) lower BDI-II 
total score than the group with the lowest fitness 
levels (Q1; P=0.014). 

   

 
Table 24. Odds ratio (OR) for severe depressive symptoms (versus no severe 
depressive symptoms) as a function of different components of physical fitness in 
women with fibromyalgia. 

 

  Severe depressive symptoms 

 
OR 95% CI P 

Flexibility (Chair sit and reach, cm) 0.990 0.971 , 1.009 0.301 
Flexibility (Back scratch, cm) 0.963 0.943 , 0.983 <0.001 
Muscle strength (Handgrip, repetitions) 0.952 0.918 , 0.988 0.010 
Muscle strength (Chair stand, repetitions) 0.942 0.876 , 1.014 0.111 
Muscle strength (Arm curl, rep) 0.947 0.902 , 0.994 0.027 
Motor Agility (8 feet up and go, s) 1.169 1.027 , 1.331 0.018 
Aerobic fitness (6-minute walk, m) 0.997 0.994 , 1.000 0.059 

 
CI, confidence interval. 

Model was adjusted for age, body mass index, educational level, marital status and time since 
diagnosis, pain intensity, drugs (analgesics, antidepressants and anticonvulsants) consumption and 
sleep quality. 

A higher score (s) in the 8 feet up & go test represents lower performance. 
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Figure 8. Graphical representation of the association between physical fitness 
(‘global fitness profile’) and depressive symptoms in women with 
fibromyalgia. 
BDI-II, Beck depression inventory second edition. 

Analysis of covariance with the Bonferroni’s correction for multiple 
comparisons was applied. Covariates: age, body mass index, educational level, 
marital status and time since diagnosis, pain intensity, drugs (analgesics, 
antidepressants and anticonvulsants) consumption and sleep quality 

Common superscripts indicate significant differences (P<0.05) between the 
groups with the same letter. 
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The physical fitness variables that were 
independently associated to the total BDI-II score 
(objective 2) are displayed in table 25. Among all 
the fitness tests included in the stepwise 
procedure, only upper body flexibility (as 
measured with the back scratch test) was 
independently related with depressive symptoms. 

Flexibility entered the model in third position, 
after sleep quality (R2=0.186) and antidepressants 
(R2=0.064), explaining an additional 2.3% of the 
BDI-II variance. Age, pain, anticonvulsants and 
time since diagnosis were included thereafter and 
explained between 0.9 and 1.3% of the variability. 

 

Table 25. Forward stepwise regression assessing the independent 
association of different components of physical fitness with depressive 
symptoms in women with fibromyalgia. 

 

BDI-II Total score 
  β P Adj R2 R2 change 
Step 1   0.186  
  Sleep quality 0.300 <0.001 

 
 

Step 2   0.250 0.064 
  Antidepressants 0.210 <0.001 

 
 

Step 3   0.273 0.023 
  Flexibility (Back scratch) -0.139 0.001   
Step 4   0.284 0.012 
  Age -0.089 0.033   
Step 5   0.297 0.013 
  Pain intensity 0.135 0.001 

  Step 6   0.306 0.009 
  Anticonvulsants 0.103 0.010   
Step 7   0.315 0.009 
  Time since diagnosis -0.106 0.010     

 
BDI-II, Beck Depression Inventory second edition; BMI, body mass index; β, 
standardized regression coefficient; B, non-standardized regression coefficient; Adj. R2, 
adjusted determination coefficient expressing the percent variability explained by the 
model; R2 change, percent variability change as a result of the inclusion of a new 
variable in the model. 
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Study VII. Association of different levels of depressive symptoms with symptomatology, overall 
disease severity and quality of life in women with fibromyalgia 

 
For all analyses, only participants with complete 
and valid data for all study variables were included 
(final sample size: n=451; 92.8%). The descriptive 
characteristics of the participants are presented in 
table 26. The prevalence of severe and moderate-
to-severe symptoms of depression was ~41% and 
~71%, respectively. There were no mean 

differences by level of depressive symptom in 
PPT, 6-minute walk, and the physical component 
summary of the SF-36 (all P>0.05), but there were 
significant group differences in clinical pain 
intensity, sleep quality, fatigue, overall 
fibromyalgia severity, and the mental component 
summary of the SF-36 (all, P<0.001; table 26). 

 

Table 26. Descriptive characteristics of the study participants (Study VII) across categories of depressive symptoms severity in 
women with fibromyalgia (n=451). 

 

  
All       

(n=451) SE 

BDI-II depressive symptoms severity categories 
 
 

P 

  

Severe     
n=183 
40.6% 

SE 
Moderate 

n= 133 
29.5% 

SE 
Mild           
n=78 

17.3% 
SE 

Minimal  
n=57 

12.6% 
SE 

Age (y) 52.0 0.38 51.1 0.588 53.0 0.69 52.6 0.901 51.8 1.1 0.187 
BMI (kg·cm-2) 28.6 0.25 29.1 0.397 28.5 0.465 27.8 0.608 28.4 0.7 0.337 

Educational status (%; [1-2-3-4])‡ 11-49-26-14 11-46-25-18 10-52-28-10 18-49-24-9 4-51-26-19 0.122 
Drugs Consumption        
   Analgesics (yes, %) 90 95 86 86 88 0.022 
   Antidepressants (yes, %) 58 78 50 46 26 <0.001 
   Anticonvulsants (yes, %) 16 25 14 88 77 <0.001 

Pain        
   FIQR-pain (NRS, 0-10) 7.5 0.09 7.9 0.14 7.5 0.15 7.3 0.20 6.8 0.24 0.001 

   PPT [kg·cm-2] 2.4 0.03 2.3 0.06 2.4 0.06 2.5 0.08 2.5 0.10 0.052 

   TPC [11-18] 16.8 0.09 17.0 0.15 16.8 0.17 16.4 0.22 16.6 0.27 0.152 

Sleep Quality            
   PSQI [Total score, 0-21] 12.8 0.18 13.8 0.27 12.8 0.30 11.9 0.39 10.6 0.47 <0.001 

Fatigue            
   MFI [global score, 20-100] 75.1 0.56 79.9 0.78 75.1 0.88 70.8 1.17 67.2 1.42 <0.001 

Functional exercise capacity            
   6-minute walk test [m] 486.3 3.71 477.5 5.82 488.2 6.50 497.5 8.53 494.5 10.27 0.235 

Fibromyalgia impact            
   FIQR total score [0-100] 64.3 0.79 70.2 1.11 64.6 1.25 58.8 1.64 52.6 1.96 <0.001 

HRQoL            
   SF-36 Physical component [0-100] 29.8 0.32 29.7 0.48 30.4 0.53 29.4 0.70 28.9 0.85 0.398 

   SF-36 Mental component [0-100] 35.7 0.56 30.3 0.72 35.7 0.81 39.9 1.06 47.3 1.28 <0.001 

 
Values are mean and standard errors unless otherwise indicated. BDI-II, Beck Depression Inventory second edition; SE, standard error; BMI, body 
mass index; NRS, numerical rating scale; PPT, pressure pain threshold; TPC, tender points count; PSQI, Pittsburgh Sleep Quality Index; MFI, 
Multidimensional Fatigue Inventory; FIQR, Revised Fibromyalgia Impact Questionnaire; SF-36, 36-item Short Form health survey. 

The P values correspond to analyses of covariance (ANCOVA) for continuous variables and Chi-square for categorical variables. 

The comparison of age, BMI, educational status and medication usage across levels of depressive symptoms was performed as a crude (non-
adjusted) analysis. The analyses regarding fibromyalgia symptomatology were adjusted for pain intensity (except when pain was the dependent 
variable) and medication usage (analgesics, antidepressants and anticonvulsants).  

‡, 1: No studies; 2: primary school; 3: secondary school/professional training; 4: University degree. 
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The pairwise comparisons of fibromyalgia-related 
domains across categories of depressive 
symptoms are displayed in table 27. There was a 
significant association between severity of 
depressive symptoms and the fibromyalgia 
symptomatology factors assessed regardless of 
pain intensity and medication usage, showing a 

general trend so that the higher severity of 
depression, the poorer health-related outcomes. In 
fact, the group with severe depressive symptoms, 
compared to the group with minimal signs of 
depression, presented the largest differences with 
regards to all fibromyalgia symptomatology 
factors analyzed (table 27). 

 

Table 27. Mean differences (95% confidence intervals [CI]) of symptoms, disease severity and mental health-related 
quality of life [HRQoL] across different categories of depressive symptoms in women with fibromyalgia (n=451). 

 
  Multiple comparisons across categories of depressive symptoms 

 
Severe vs. 
Minimal 

Severe vs. 
Mild 

Severe vs. 
Moderate 

Moderate vs. 
Minimal 

Moderate vs. 
Mild 

Mild vs. 
Minimal 

 

 

Difference         
(95% CI) 

Difference         
(95% CI) 

Difference         
(95% CI) 

Difference         
(95% CI) 

Difference         
(95% CI) 

Difference         
(95% CI) 

Pain 
      

   FIQR-pain (NRS, 0-10) 
1.1* 0.6 0.4 0.6 0.2 0.5 

(0.3 to 1.8) (-0.1 to 1.3) ( -0.1 to 1.0) ( -0.1 to 1.4) (-0.5 to 0.8) (-0.4 to 1.3) 
Sleep Quality       
   PSQI [Total score, 0-21] 

3.2* 1.9ǂ 1.0 2.2ǂ 0.8 1.3 
(1.7 to 4.7) (0.6 to 3.2) (-0.0 to 2.1) (0.7 to 3.6) (-0.5 to 2.1) (-0.3 to 2.9) 

Fatigue       
   MFI [Overall score, 20-100] 

12.6* 9.0* 4.8ǂ 7.8* 4.3ǂ 3.6 
(8.2 to 17.1) (5.2 to 12.8) (1.6 to 7.9) (3.5 to 12.2) (0.4 to 8.1) (-1.2 to 8.4) 

Fibromyalgia severity       
   FIQR total score [0-100] 

17.6* 11.4* 5.5ǂ 12.0* 5.9ǂ 6.2 
(11.4 to 23.7) (6.0 to 16.8) (1.0 to 10.0) (5.9 to 18.1) (0.4 to 11.3) (-0.5 to 12.8) 

HRQoL       
   SF-36 Mental component [0-100] 

-17.0* -9.6* -5.4* -11.6* -4.2ǂ -7.4* 
(-21.0 to -12.9) (-13.1 to -6.1) (-8.3 to -2.4) (-15.5 to -7.6) (-7.7 to -0.7) (-11.7 to -3.0) 

 
FIQR, Revised Fibromyalgia Impact Questionnaire; PSQI, Pittsburgh Sleep Quality Index; MFI, Multidimensional Fatigue Inventory; 
SF-36, 36-item Short Form health survey; CI, confidence interval. 
Group comparisons were assessed using analysis of covariance (ANCOVA) adjusted for pain intensity and drugs (analgesics, 
antidepressants and anticonvulsants) consumption was performed. The Tukey-Kramer’s correction for multiple comparisons was 
applied. 
* P<0.001; ǂ P<0.05 
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DISCUSSION  

 
1. Summary of main findings. 

The main findings of the present Doctoral Thesis 
suggest that I) The CR-10 scale represents a 
moderately valid and reliable tool for monitoring 
exercise intensity in women with fibromyalgia, 
and women with fibromyalgia seem to be able to 
discriminate between perceived exertion and 
exercise-induced pain while exercising; II) CRF 
is severely impaired in women with fibromyalgia, 
with an average peak VO2 below the 10th 
percentile of the American population of the same 
sex and age123. Higher CRF is associated with 
lower pressure pain sensitivity although not with 
clinical pain intensity; III) Higher performance-
based physical fitness is consistently associated 
with lower levels of pain (regardless of the 
method used to assess pain), lower pain-related 
catastrophizing, and higher chronic pain self-
efficacy in women with fibromyalgia. Muscle 
strength and flexibility showed an independent 
association with pain and a high performance on 
both components, simultaneously (combined 
effect), was associated with the lowest levels of 
pain. Aerobic fitness and flexibility showed 
independent association with pain-related 
catastrophizing and chronic pain self-efficacy, and 
a high performance on both fitness components, 
simultaneously (combined effect), was associated 
with the best catastrophizing and self-efficacy 
profiles; IV) Higher physical fitness is 
consistently associated with lower overall 
fibromyalgia severity, better function, and lower 
overall impact and symptom severity in women 
with fibromyalgia, regardless of potential 
confounders and the fitness component evaluated. 
The difference in fibromyalgia severity between 
the patients with the lowest and the highest fitness 
levels surpassed the minimal clinically 
meaningful difference. The 6-minute walk 
(aerobic fitness) and the back scratch (flexibility) 
tests, are independently associated with 
fibromyalgia severity; V) Higher physical fitness 
is positively and consistently associated with 
information processing, working memory, 
delayed recall, verbal learning and delayed 
recognition in women with fibromyalgia. By 

contrast, body fatness (either total or centrally 
distributed) does not seem to be associated with 
the studied cognitive tasks in this population. 
Aerobic fitness seems to be the most important 
fitness indicator of the cognitive processes 
evaluated; VI) Higher physical fitness is generally 
associated with lower depressive symptoms. 
However, the associations are not consistent 
across different analyses and BDI-II subscales. 
VII) The prevalence of severe depressive 
symptoms in women with fibromyalgia from 
southern Spain is ~41% and the prevalence of 
moderate-to-severe depression is ~71%. The 
patients with severe signs of depression have the 
poorest profile regarding pain intensity, sleep 
quality, fatigue, overall fibromyalgia severity, and 
the mental component of HRQoL. However, 
pressure pain sensitivity, functional exercise 
capacity, and the physical component of HRQoL 
are not associated with depressive 
symptomatology.  

 
2. Discussion of main findings. 
 
2.1. Validity and reliability of rating perceived 
exertion in women with fibromyalgia: exertion-
pain discrimination (Study I) 
 
The correlations of RPE with physiological 
responses observed in our study (rs: 0.69–0.79; 
figure 2) concur with those observed in healthy 
people124,125. Coquart et al.124 found RPE 
correlations of 0.75, 0.77 and 0.74 with HR, VO2 
and VE, respectively. In the same line, Scherr et 
al.125 observed an RPE-HR correlation of 0.74. 
Although the abovementioned studies124,125 used 
the Borg 6-20 RPE scale, the association of 
perceptual and physiological responses seems to 
be similar to those observed in the present study 
with the CR-10 scale. Previous research compared 
the Borg 6-20 RPE scale with the CR-10 scale and 
concluded that both are similarly valid for 
monitoring exercise intensity, with the CR-10 
scale presenting excellent properties126. We 
observed that the reported RPE explained more 
than 50% of the variance from most of the studied 



International Doctoral Thesis                                                                                                             Alberto Soriano Maldonado  

98 

physiological responses, in agreement with Scherr 
et al. (2013), who showed that the RPE explained 
55% of the HR variance in healthy people. In 
addition, the perceptual and physiological 
responses followed an increasing linear trend as 
exercise intensity increased, suggesting that the 
studied outcomes (and specifically the RPE 
obtained with the Borg CR-10 scale) are sensible 
to exercise intensity changes. Our results therefore 
indicate that the Borg CR-10 scale represents a 
valid tool for monitoring exercise intensity in 
women with fibromyalgia. 

The test–retest reliability analysis revealed 
“perfect-acceptable” agreement in 69% of the 
observations and the weighted k coefficient 
ranged from 0.59 to 0.72, suggesting that the Borg 
CR-10 scale is moderately reliable127 for 
monitoring exercise intensity in women with 
fibromyalgia. These results are in line with 
previous research in healthy people89. It is 
important to note that women with fibromyalgia 
commonly suffer from cognitive disturbances64 
and depression128. As perceived exertion at the 
same exercise intensity might vary from one day 
to another as a result of physical and emotional 
negative factors even in healthy people129, it is 
suggested that the percentage of observations with 
a test–retest difference over 2 units (~17% 
observations) could be partially explained by the 
different emotional states commonly observed in 
women with fibromyalgia. 

Whether patients with fibromyalgia are able to 
discriminate between RPE and exercise-induced 
pain during exercise, and especially as exercise 
intensity increases, is unclear. Several studies 
found that the RPE responses to exercise of 
patients with fibromyalgia are higher in 
comparison to those of healthy participants even 
at low intensities29,31. This finding has been 
explained by the fact that patients with 
fibromyalgia might not be able to discriminate 
between perceived exertion and exercise-induced 
pain during exercise29. In this line, as a result of 
an enhanced exercise-induced pain with workload 
increments31, women with fibromyalgia might 
have been expected to overestimate perceived 
exertion29. In contrast to this hypothesis, our 
results suggest that women with fibromyalgia are 
able to discriminate between RPE and exercise-

induced pain, since the differences between both 
constructs were increasingly higher, especially 
from workloads 3 to 6. These results indicate that 
there must be other factors explaining the higher 
perceived exertion observed in patients with 
fibromyalgia in comparison to healthy people29,31. 
The implicit fatigue generally observed as one of 
the main symptoms in women with fibromyalgia, 
which has been recently suggested to be of central 
instead of muscular origin130, could partially 
explain the above-mentioned results. 

These findings, overall, suggest that the CR-10 
scale might be used to monitor exercise intensity 
in women with fibromyalgia in research or 
clinical settings. 

 
2.2. Association of cardiorespiratory fitness with 
pressure pain sensitivity and clinical pain in 
women with fibromyalgia (Study II) 
 
Previous literature on the relationship between 
CRF and pain in women with fibromyalgia is 
controversial. Carbonell-Baeza et al.55 observed a 
direct and inverse relationship between the 
distance walked in the 6-minute walk test and the 
PPT and TPC, respectively. By contrast, Hooten 
et al.57 reported that peak VO2 was not related to 
the PPT in fibromyalgia patients, after controlling 
for VAS. We observed a positive linear 
association of CRF with the PPT. However, it is 
also important to point out that other fitness 
components, such as muscle strength or flexibility 
are also related to positive pain-related outcomes 
in fibromyalgia patients21,58. Therefore, the level 
of muscle strength or flexibility could play a role 
in the above-mentioned relationship and was not 
examined in this study. Future studies should 
address the combined association of CRF and 
other components of fitness with pain sensitivity 
and clinical pain in this population. 

Some potential pain-related mechanisms could 
potentially be influenced by increasing CRF 
through physical activity. McLoughlin et al.131 
observed that self-reported physical activity was 
directly associated with higher activity in brain 
regions responsible for pain modulation and 
inversely related to the activity in areas implicated 
in the sensory/discriminative aspects of pain 
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processing. Future studies will determine whether 
higher CRF is related to lower activity of the brain 
areas involved in the pain-related sensory tasks 
and higher activity in the modulatory/regulatory 
areas of the brain. 

Peripheral mechanisms, such as aberrations in 
microcirculatory capillaries132, or abnormalities at 
the mitochondrial level133 might reduce peripheral 
tissue oxygenation and play an important role in 
the development of central sensitization. In this 
context, it could be speculated that an increased 
tissue oxygenation as a result of increasing CRF 
through aerobic exercise134 could reduce 
peripheral and central sensitization and 
consequently diminish clinical pain21. However, 
we found no association of CRF with clinical 
pain, which contrast with previous research 
reporting pain severity reductions following 
aerobic exercise training21. It is possible that 
aerobic exercise has a positive effect on clinical 
pain intensity regardless of CRF changes, which 
warrants further investigation. 

These preliminary results extend current 
knowledge on the association between CRF and 
pain in women with fibromyalgia and lead to the 
possibility that CRF could potentially be involved 
in some of the mechanisms of pain processing. 
However, future longitudinal and intervention 
studies with larger sample size are needed to 
confirm or contrast the present results. It is also of 
clinical relevance to highlight that the average 
peak VO2 observed in the present study (19.5 mL 
kg−1 min−1) was below the 10th percentile of the 
American population of the same sex and age 
[14]. These finding suggest that women with 
fibromyalgia have a considerably impaired 
aerobic capacity and, as low CRF is a risk factor 
for mortality and for many pathologies, exercise 
programs aiming at improving CRF could be 
advisable to improve general health in women 
with fibromyalgia. 
 

2.3. Association of physical fitness with pain in 
women with fibromyalgia (Study III) 
 
The association between aerobic fitness and pain 
in women with fibromyalgia is controversial. 
Previous studies showed that the distance walked 

in the 6-minute walk test was inversely associated 
with pain sensitivity55, self-reported pain 
intensity135 or pain interference135. Study II of the 
present Doctoral Thesis revealed that peak VO2 

was associated with pain sensitivity but not with 
clinical pain intensity. These results from a large 
sample of women with fibromyalgia from 
southern Spain indicate that higher aerobic fitness 
is consistently associated with lower pain levels 
(regardless of the method used to assess pain).  

Muscle strength was the fitness component 
more strongly associated with the experience of 
pain. These result support previous findings on 
the association between muscle strength (as 
assessed with either isometric57, isokinetic56,57, or 
with functional fitness tests54,55) and pain. The 
association of flexibility with pain in fibromyalgia 
patients has received limited attention. Our results 
also support previous studies54,55 suggesting that 
flexibility might be a relevant component of 
physical fitness in this population. Although 
exercise programs rarely focus on specific 
flexibility training, the present study provide 
evidence suggesting that it should be taken into 
account in future exercise interventions studies, 
since it is consistently and independently (from 
other fitness components) associated with lower 
pain levels, but also with psychological 
dimensions of pain (i.e. catastrophizing and self-
efficacy).  

Our exploratory analyses suggest that muscle 
strength and flexibility could be more strongly 
associated with pain levels, while aerobic fitness 
and flexibility could be more strongly associated 
with the psychological experience (i.e. 
catastrophizing and self-efficacy) of pain. 
However, Hooten et al.21 revealed equal 
reductions in pain severity following either 
strengthening or aerobic exercise training. 
Aerobic fitness has also been reported to be 
inversely associated with overall fibromyalgia 
severity136 and most exercise intervention 
programs in fibromyalgia patients involve both 
aerobic and muscle strengthening 
exercises22,80,137,138. Therefore, these exploratory 
results must be interpreted with caution. 

Potentially, several pain-related mechanisms 
could be positively influenced by enhancing 
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different components of physical fitness through 
exercise. Previous research has shown that 
reduced resting-state functional connectivity in 
sensory-motor systems and augmented 
unpleasantness to non-painful sensory stimuli are 
strongly predictive of clinical pain in fibromyalgia 
patients139,140. It might be hypothesized that a low 
basal muscle tone could contribute to this reduced 
connectivity in a process leading to peripheral 
sensitization. In this sense, enhancing basal 
muscle tone (e.g. through multicomponent 
exercise programs) could potentially improve 
resting-state functional connectivity in sensory-
motor systems and reduce peripheral sensitization 
and clinical pain, which warrants further research. 
Similarly, peripheral mechanisms (e.g. 
abnormalities in microcirculatory capillaries132 or 
irregularities in mitochondrial133) might reduce 
peripheral tissue oxygenation and lead to central 
sensitization in fibromyalgia patients. Thus, it 
might be speculated that increasing tissue 
oxygenation as a results of aerobic exercise could 
potentially diminish peripheral and central 
sensitization and reduce clinical pain21. The 
exercise-induced endogenous opioid activity in 
the central and peripheral nervous system141 could 
also partially justify pain reductions observed 
following exercise programs in fibromyalgia 20,21.  

The inverse association observed between 
physical fitness and pain-related catastrophizing 
suggests that fitness might have a positive role on 
the negative attitudes that women with 
fibromyalgia have towards pain. Previous studies 
have shown inverse associations between aerobic 
fitness and depression44, which might underlie a 
less negative appraisal of pain and, consequently, 
lower catastrophizing scores. Similarly, the direct 
association observed between fitness and chronic 
pain self-efficacy concurs with previous 
intervention studies reporting concurrent 
improvements in fitness and self-efficacy 
following an exercise intervention142. The mere 
improvement of physical fitness as a result of 
exercise training could enhance self-efficacy 
through a feedback of higher ability to deal with 
activity of daily living, although mood changes 
following exercise training might also mediate the 
patient’s ability to cope with chronic pain142. 
Further research on the relationship between 

fitness levels and the psychological experience of 
pain in women with fibromyalgia and their ability 
to cope with the disease is warranted. 

The average pain intensity in the group with 
highest ‘global fitness profile’ (Q5) was 1.8 units 
lower (as measured by VAS) than was in the 
group with lowest fitness (Q1). This equals the 
minimal clinically meaningful difference in 
chronic pain patients143. To our knowledge, the 
minimal clinically meaningful difference with 
regards to the rest of the study outcomes in 
fibromyalgia patients is unclear. Therefore, we 
used standardized mean difference (Cohen’s d) as 
a measure of the potential clinical relevance of 
our findings. The magnitude of the difference 
between participants on extreme fitness quintiles 
(Q5 vs. Q1) ranged from moderate to large, being 
particularly larger on pain-related catastrophizing 
and self-efficacy. These results, overall, provide 
further consistency to our findings and highlight 
that physical fitness might be an important factor 
to consider in the management of this population. 
However, future prospective studies are needed to 
confirm or contrast our results.  

 
2.4. Association of physical fitness with 
fibromyalgia severity in women (Study IV) 
 
This study represents the first comprehensive 
characterization of the association between 
different components of physical fitness and 
fibromyalgia severity in women with 
fibromyalgia. Our results indicate that physical 
fitness (as assessed with field-based tests) is not 
only significantly associated with the FIQR total 
and subscales scores but is also consistently 
associated with individual items of self-reported 
daily function (e.g. comb hair, change bedsheets, 
or go shopping for groceries), overall impact (e.g. 
achieve goals), or symptom severity (e.g. pain, 
stiffness, sleep, memory, or depression) in women 
with fibromyalgia. We showed that the highest 
fitness group (Q5) had 16% lower fibromyalgia 
severity than did the lowest fitness group (Q1). It 
is likely that this surpasses the minimal clinically 
meaningful difference on the basis of the 14% cut 
point reported by Bennett et al.144 with the 
original version of the FIQ. These results suggest 
that the association of physical fitness with 
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fibromyalgia severity should be further explored 
because it might potentially have implications for 
the rehabilitation of patients with fibromyalgia. 
Although several studies reported simultaneous 
increase in physical fitness and improvement in 
symptoms and quality of life after exercise 
programs20,21,80, modest effect sizes, especially in 
the long run, are generally observed and it is still 
unclear to what extent an increase in fitness is 
directly associated with an improvement in self-
reported outcomes. Future studies should address 
these issues to determine the importance of 
enhancing specific components of fitness as part 
of multidisciplinary rehabilitation programs in 
patients with fibromyalgia. 

This study also sought to determine which 
fitness components were independently associated 
with fibromyalgia severity. The results revealed 
that aerobic fitness (as assessed with the 6-minute 
walk test) and flexibility (back scratch test) were 
independently associated with fibromyalgia 
severity, suggesting that these components of 
fitness are the most relevant with regard to the 
overall burden of fibromyalgia on the patient’s 
life. Our results extend previous evidence that 
fitness testing could be used as a complementary 
tool in the diagnosis of fibromyalgia46 and reveal 
that different fitness components are consistently 
associated with lower fibromyalgia severity in this 
population. Future longitudinal studies should 
determine the extent to which changes in these 
performance-based fitness tests (measures at the 
body level) are associated with changes in 
observed and self-reported measures of activity 
and participation in this population. 

Although there is a consistent association between 
fitness and disease severity, it was somewhat 
surprising that the total variability explained by 
fitness tests (<10%) was fairly low, especially 
considering that function accounts for 30% of the 
FIQR total score. It must be noted that we 
included potential confounders (age, drug 
consumption, occupational status, etc.) in our 
model to obtain adjusted estimates of the 
associations. Mannerkorpi et al.135 observed that 
the 6-minute walk test explained 24% of the 
function FIQ (original version) subscale. 
However, the absence of potential confounders in 
their models might have led to an overestimated 

explained variance. It has been previously 
suggested that performance-based measures of 
physical function at the body (aerobic capacity, 
muscle strength, etc.)56,60,145 or activity 
(assessment of motor and process skills) level145 
present only a weak to moderate association with 
self-reported outcomes in patients with chronic 
pain and fibromyalgia56,60,145. Bandak et al.130 
observed that patients with fibromyalgia 
overestimated self-perception of muscle fatigue in 
comparison with objective (electromyography) 
muscle signs of fatigue and suggested that central 
mechanisms are likely to explain the disagreement 
between objective and self-perceived 
performance. Similarly, although cognitive 
dysfunction is a core self-reported symptom 
among patients with fibromyalgia62, some studies 
have failed to find significant differences in 
neuropsychological measures between patients 
with fibromyalgia and healthy controls5. 
Therefore, it seems that some kind of 
disconnection between self-reported and 
performance-based measures exists in this 
population. Further research aiming at explaining 
the factors influencing potential disagreement 
between performance-based and self-reported 
outcomes in fibromyalgia would be of major 
interest for the implementation of 
multidisciplinary rehabilitation programs tailored 
at improving specific limitations of certain 
subgroups of patients with differential 
characteristics. 
 

2.5. Association of physical fitness and fatness 
with cognitive function in women with 
fibromyalgia (Study V) 
 
This study represents the first comprehensive 
examination of the relationship between fitness 
and fatness with cognitive function in a large 
sample of women with fibromyalgia. Our results 
revealed that aerobic fitness seems to be the 
fitness component more strongly associated with 
information processing and working memory in 
women with fibromyalgia. In fact, the group with 
the lowest aerobic fitness had the lowest 
percentage of correct responses and the highest 
percentage of omitted responses in our population. 
We also observed that with some exception, 
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aerobic fitness, muscle strength, flexibility and 
motor agility were all directly associated with 
verbal learning and memory functioning (delayed 
recall and delayed recognition), although not with 
immediate recall. These results partially contrast 
with Cherry et at.,71 who found no relationship of 
physical performance with either immediate or 
delayed recall. Nonetheless, our results reinforce 
the role of physical fitness in relation to cognitive 
performance in fibromyalgia and warrant further 
longitudinal and intervention studies to determine 
its potential to predict cognitive functioning at 
follow-up. It is also of interest to study whether 
improvements in different fitness components 
following exercise interventions might be 
associated with better cognitive performance.  

Aerobic fitness was the fitness component 
most strongly associated with information 
processing and working memory, as well as with 
delayed recall and verbal learning. Although it is 
difficult to determine whether these results are 
clinically relevant, the effect size of the difference 
in the above-mentioned cognitive tasks of 
participants with the highest (Q5) versus lowest 
(Q1) fitness levels ranged from d=|0.38| to 
d=|0.51| (except immediate recall that was not 
statistically significant), indicating a moderate 
effect size that could be important. These findings 
are supported by observational and intervention 
studies in healthy older adults in which higher 
aerobic fitness is consistently associated with 
better cognitive function146,147. Specifically, 
higher brain activation in the frontal, temporal and 
parietal areas of the brain cortex (related to 
executive control: attention, working memory or 
task switching) have been observed in participants 
with higher aerobic fitness during highly 
demanding cognitive tasks146,148. In addition, 
aerobic training preserves brain gray and white 
matters149, which are associated with working 
memory in fibromyalgia patients65,150.  

Motor agility was the only fitness component 
independently associated with delayed 
recognition. As reported by Voelcker et al.151 this 
fitness component involves movement speed, 
balance, and fine coordination, and shows strong 
associations with cognitive functioning and brain 
activation in healthy older adults151,152. These 
authors suggested that motor agility seems to be 

associated with less effort to inhibit distracting 
information, which could be beneficial for 
delayed recognition tasks.  

To our knowledge, this is the first study 
addressing the relationship between body fatness 
and cognitive function in fibromyalgia. In contrast 
to our hypothesis, our results suggest that there is 
no association between fatness and cognitive 
function regardless of the cognitive process or the 
measure of body fatness evaluated. These results 
contrast emerging evidence in healthy adults, in 
which obesity has been linked to decreased brain 
volume153, reduced white matter integrity154 and 
diminished gray matter volume in the frontal 
lobe155, which is suggestive of  an inverse 
relationship between obesity and cognition156. It 
could be speculated that age-related 
morphological alterations in fibromyalgia150,157 
play a more prominent role in brain damage than 
obesity itself. However, further research on 
potential factors associated to a better cognitive 
performance in this population is needed. 

The assessment of cognitive function by the 
PASAT and RAVLT tests does not represent a 
complete assessment of cognition, which is a 
limitation of this study. However, these tests have 
repeatedly been used in the assessment of 
cognitive tasks related to executive function 
which is particularly impaired in fibromyalgia 
patients106,110,158. Therefore, our results represent 
new findings into the importance of physical 
fitness in relation to several important aspects of 
cognitive performance in this population.  

 
2.6. Association of physical fitness with 
depression in women with fibromyalgia (Study 
VI) 
 
Most of the current literature on the relationship 
between physical fitness and depression has 
focused on either aerobic fitness or muscle 
strength44,45,159. Gerber et al.160 reported that 
moderate or high cardiorespiratory fitness had 
protective effects against depressive symptoms in 
health care workers. A large epidemiological 
study in previously healthy women44 revealed that 
women with moderate and high aerobic fitness 
(maximal metabolic equivalents; METs) had 
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between 46 and 54% lower odds of incident 
depression, respectively, than those with low 
aerobic fitness. By contrast, we observed only a 
borderline significant association between the 6-
minute walk distance and the total BDI-II score, 
and this association was inconsistent across BDI-
II subscales. Furthermore, aerobic fitness was not 
associated with the odds of severe depressive 
symptoms. Although the methods used to assess 
depressive symptoms and aerobic fitness differ 
between studies, our results suggest that the 
relationship between aerobic fitness and 
depressive symptoms in women with fibromyalgia 
might not be, in practical terms, clinically 
relevant. Several studies have observed 
improvements in depressive symptoms following 
exercise intervention programs, although it has 
been suggested that improvements in aerobic 
fitness in fibromyalgia is not related to 
improvements in depression79. Therefore, it is 
possible that exercise could have beneficial 
effects on depressive symptoms (e.g. through an 
increase of endorphins) without the need of 
enhancing aerobic capacity79.  

Summary evidence suggests that strength 
training reduces the level of depression in healthy 
adults161 and also in patients with 
fibromyalgia80,162. Sener et al.163 observed that 
hand-grip strength modestly correlated (rP=-0.26 
to -0.23) with depressive symptoms (BDI total 
score) in women with fibromyalgia, although 
confounding might have played a role in this 
relationship. Our results support a modest 
association between muscle strength (especially 
upper body) and depressive symptoms, since the 
odds of severe depressive symptoms was 4.8% 
and 5.3% lower for each additional unit in the 
hand-grip and arm curl tests, respectively. 
However, it is unclear whether these associations 
are clinically meaningful. 

To our knowledge, this is the first study 
reporting on the relationship between motor 
agility and depressive symptoms in women with 
fibromyalgia. Motor agility was associated with 
both the total BDI-II score and the 3 subscales 
representing different aspects of depression 
(negative attitude, performance difficulty and 
somatic elements). The odds of severe depressive 
symptoms was 16.9% higher for each additional 

second (worse performance) in the 8 feet up and 
go test. Although future longitudinal studies are 
needed, it could be speculated that low levels of 
motor agility (which relates to the ability to 
rapidly change the position of the entire body in 
space32, requiring movement speed, balance and 
motor coordination) could provide a feedback of 
poor ability to undertake challenging tasks164 and 
have a deleterious influence on self-esteem and 
signs of depression.  

There was a different pattern in the association 
between lower and upper body flexibility with 
depressive symptoms in this population, which is 
difficult to explain. Lower body flexibility 
showed no association with depressive symptoms, 
whereas upper body flexibility was the fitness 
component presenting the strongest association 
and the only one independently related with the 
total BDI-II score when all fitness tests were 
simultaneously considered. Although the direction 
of causality cannot be determined due to the study 
design, it could be speculated that higher upper 
body flexibility could enhance self-perception of 
the ability to perform activities of daily living, 
improving psychosocial factors such as self-
esteem165 or social interaction166, which are 
related to mental health and mood. However, it 
must be underlined that the contribution of 
flexibility, as well as of other important variables 
like age, pain intensity, anticonvulsants usage or 
time since diagnosis to explain the total BDI-II 
variability was relatively low. 

Overall, the present findings point out that the 
relationship between fitness and depressive 
symptoms in women with fibromyalgia is rather 
weak and contrast previous findings in healthy 
adults44,45. Several potential explanations might 
justify our results. First, it is possible that the true 
relationship between fitness and depression in 
fibromyalgia patients is rather weak or clinically 
irrelevant, and a high statistical power as a result 
of our relatively large sample size could have 
yielded non-important but statistically significant 
associations. Second, although the Senior Fitness 
Test battery and hand grip are feasible, reliable, 
and very commonly used measures of physical 
fitness in fibromyalgia patients46,71,112,113,167,168, 
the gold standards (e.g. maximal oxygen uptake 
for aerobic fitness, isokinetic dynamometry for 
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muscle strength, goniometer-based measures for 
range of motion, etc.), might have provided more 
precise estimates of the studied relationship. 
Third, measures of activity and participation 
rather than measures at the body level169 could 
provide wider insights of important factors 
associated to depressive symptoms in 
fibromyalgia.  

In addition, it is noteworthy the potentially 
important role that measurement error of 
assessing depressive symptoms in patients with 
chronic pain might have played in our results170. 
Following Pincus et al.170, the clinical concept of 
depression comprises somatic symptoms but these 
are not predominant among patients clinically 
diagnosed with major depression171. By contrast, 
chronic pain patients may obtain a clinically 
significant score on most depression measures by 
endorsing somatic items such as sleep, fatigue, 
reduced activity, etc. In fact, these 3 items were 
those with the highest scores in this study. 
Although a factor structure of the BDI-II in 
fibromyalgia patients is currently lacking in the 
literature, Harris et al.94 revealed that women with 
chronic pain scored higher on the somatic 
elements subscale than the other subscales, which 
was confirmed in this study. Therefore, a lack of 
criterion validity on the measure of depressive 
symptoms (BDI-II) in the present study might also 
have influence the results. 

 
2.7. Association of different levels of depressive 
symptoms with symptomatology, overall disease 
severity and quality of life in women with 
fibromyalgia (Study VII) 
 
The present results support previous studies 
revealing lack of association between signs of 
depression and pain sensitivity in fibromyalgia 
patients82,172,173. However, in contrast to prior 
reports172, we observed that participants with 
severe depressive symptoms reported, in average, 
1.1 units higher pain intensity (NRS) than those 
with minimal signs of depression, which parallels 
the minimal clinically important difference in 
chronic pain174. The link between depression and 
clinical pain intensity in fibromyalgia should 
therefore be further explored. 

Patients with severe signs of depression also 
reported poorer scores in other core fibromyalgia-
related symptoms, higher overall disease severity, 
and poorer mental HRQoL than patients with 
minimal signs of depression. For instance, sleep 
quality and fatigue were ~15% worse in the group 
with severe vs. minimal depressive symptoms. 
This finding was not surprising since depression, 
sleep and fatigue are highly interrelated and both 
fatigue and sleep dysfunction represent core 
symptoms of depression included in the BDI-II. 
Likewise, patients with severe depressive 
symptoms had 17.6% higher overall fibromyalgia 
severity and 17% lower mental HRQoL than 
patients with minimal signs of depression. As a 
14% difference represents a minimal clinically 
important difference in overall fibromyalgia 
severity (with the old FIQ version)144, it is likely 
that the 17.6% difference observed between 
groups in this study (with the FIQR) can be 
considered clinically meaningful. These results 
underlie the potential relevance of depressive 
symptoms with regards to fibromyalgia severity 
and HRQoL in women with fibromyalgia. 

It is important to highlight that physical 
function (either self-reported [physical composite 
score of the SF-36] or performance-based [6-
minute walk]) was similar across groups. These 
results contrast previous findings indicating that 
depressive symptoms is associated with physical 
disability in chronic pain patients175 and suggest 
that while depressive mood is consistently 
associated with psychological and self-reported 
perception of health, it does not seem to interact 
with physical function in women with 
fibromyalgia. In fact, we examined the 
relationship between depressive symptoms and 
performance-based physical fitness in women 
with fibromyalgia in study VI, and the results 
revealed inconsistent and relatively weak 
associations between depression and different 
fitness components.  

Interestingly, the proportion of patients 
reporting not only antidepressants, but also 
analgesics and anticonvulsants intake was higher 
in the group with severe signs of depression than 
in any other group, and a cost-utility analysis of 
reducing depressive symptoms in fibromyalgia 
might be warranted. From a clinical perspective, 
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the high prevalence of severe depressive 
symptoms and its association with self-reported 
outcomes, suggests that this subgroup of patients 
could potentially benefit from specific 
psychological therapies aiming at alleviating 
depressive symptomatology. Luciano et al. 
observed that acceptance and commitment therapy 
significantly improved pain catastrophizing, pain 
acceptance, subjective pain, quality of life, 
anxiety, and depression in fibromyalgia patients16. 

Therefore, it seems that the possibility of 
simultaneously improve both pain and depression 
in fibromyalgia exists. Further prognosis research 
should also determine whether patients with 
different levels of depression display differential 
responses to treatment. We suggest this as an 
important research agenda as no properly 
conducted randomized prospective studies with 
stratification according to depressive symptoms 
have been conducted. 
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Limitations and Strengths 
 
Limitations 

The studies comprising this Doctoral Thesis have 
several limitations that must be underlined. 
Importantly, the cross-sectional design of the 
studies precludes any establishment of causality 
and reverse causation cannot be discarded. In this 
sense, it is also possible (and it is logical to think) 
that participants with higher disease severity 
perform worse in the fitness testing. However, 
there is consistent evidence that exercise is 
effective for enhancing physical fitness20,21,176,177 
and for improving fibromyalgia symptoms21,80,138 
and quality of life and, consequently, it is likely 
that the causal pathway might turn in the sense 
that enhancing specific components of physical 
fitness (especially muscle strength, flexibility and 
aerobic fitness) through exercise interventions can 
lead to significant (and possibly clinically 
relevant) improvements in core fibromyalgia 
features. Future intervention studies focused on 
enhancing physical fitness should carefully look 
at the clinical relevance of the effects observed. It 
is also possible that the low fitness levels 
observed in some participants might have been 
partially influenced by fear-avoidance178. 
Additionally, only women were included in the 
study because fibromyalgia is markedly more 
prevalent in women and the sample of men in the 
al-Ándalus project was very low (n=21). The 
results of this Doctoral Thesis might therefore not 
apply to men and further research in men with 

fibromyalgia is warranted. Finally, the fitness 
tests used in the al-Ándalus project do not 
represent the gold standard to assess the fitness 
components evaluated, and more precise measures 
of cardiorespiratory fitness (maximal VO2), 
muscle strength (isokinetic dynamometry), or 
flexibility (goniometer-based measures) could 
provide more precise estimates of the associations 
under study. 

Strengths 

In project I, cardiorespiratory fitness was assessed 
by peak VO2 (the gold standard) during an 
incremental treadmill test to exhaustion. The 
efforts made to recruit a representative and 
relatively large sample of women with 
fibromyalgia from Andalucía (8 provinces from 
southern Spain) is a strength of the al-Ándalus 
project. In addition, the full set of fitness tests 
used to assess the different components of fitness, 
the comprehensive protocol employed, the 
different methods used to assess pain (the 
hallmark of fibromyalgia) and the consistency of 
the findings are strengths of this work. It must be 
noted that although they do not represent gold 
standards, these tests have been widely used to 
assess physical fitness in fibromyalgia 
patients47,55,60,70,71,113,115,179 and have shown to be 
feasible and reliable in this population112.  
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Future Research Directions 
 

The results of Study I suggest that the Borg CR-
10 scale could be used in clinical settings as an 
inexpensive tool for monitoring exercise intensity 
of women with fibromyalgia during aerobic 
exercise intervention programs. However, the 
cognitive and physiological factors that mediate 
perceived exertion are commonly investigated by 
using two distinct paradigms: estimation and 
production28. In the estimation paradigm (used for 
monitoring exercise intensity), RPE is estimated 
by the participant based on momentary level of 
stimulation, as in Study I. In the production 
paradigm (used for exercise intensity 
prescription), the participant is asked to actively 
produce exercise intensity by producing pre-
determined target RPE levels that correspond to 
specific physiological responses (e.g. HR). Future 
research is needed to determine whether women 
with fibromyalgia might use the CR-10 scale to 
produce target RPE levels that correspond to 
targeted physiological responses.  

The findings of Studies II to VI suggest that 
specific components of physical fitness 
(especially muscle strength, flexibility and aerobic 
fitness) could potentially be associated with a 
better prognosis of core fibromyalgia features and 
disease severity. Future prospective research is 
warranted to determine the extent to which 
baseline levels of physical fitness are related to 
more favorable outcomes at follow-up, whether 
changes in fitness are associated to changes in 
disease severity or whether fitness might mediate 
treatment responses. In addition, future exercise 
intervention studies in women with fibromyalgia 
should not only aim at increasing the amount of 
physical activity, but also at enhancing specific 
components of physical fitness and carefully 
examine the clinical impact on core symptoms 
and disease severity. In particular, studying the 
extent to which enhancing fitness might be 
associated to better short and long term cerebral 
pain processing is of potential clinical interest. 

A particular interesting and unexpected 
finding of this Thesis is that flexibility was 
consistently and inversely associated with major 

symptoms of fibromyalgia, such as pain or 
depression and disease severity across the 
different studies. Although this fitness component 
is not as strongly related to health outcomes as 
aerobic fitness or muscle strength in the general 
population and it usually receives little attention 
during exercise intervention programs, these 
results suggest that having a certain level of 
flexibility might be relevant in this population. As 
fibromyalgia patients suffer from joint stiffness, a 
proper degree of flexibility might positively 
influence the natural course of the disease. 
Therefore, it is suggested that flexibility might be 
an important component to consider in future 
intervention studies in this population.  

Another interesting finding of this Doctoral 
Thesis is that, although significant (and even 
clinically relevant) associations were generally 
observed, the variability explained by physical 
fitness was generally low (in all cases <20%). It is 
important to highlight that fibromyalgia is a rather 
heterogeneous condition. In fact, recent studies 
using cluster analysis have begun to identify 
subsets of patients with distinct characteristics and 
potentially with different prognosis180,181. 
Therefore, it is possible that physical fitness might 
be more strongly associated with specific 
fibromyalgia features in determined subsets of 
patients, which requires further research. 

Future intervention studies with stratification 
according to depressive symptoms are warranted 
to determine the extent to which women with 
fibromyalgia with concomitant severe depressive 
symptoms might particularly benefit from specific 
interventions (e.g. acceptance and commitment 
therapy). 

Finally, it must be underlined that the findings 
of this Doctoral Thesis are not necessarily 
applicable to men, and future investigation is 
warranted to determine the potential relation of 
fitness and depression with core symptomatology 
and disease severity in men with fibromyalgia. 
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CONCLUSIONES  

 

Los resultados de la presente Tesis Doctoral 
sugieren que:   

I. La escala CR-10 de Borg es una herramienta 
moderadamente válida y fiable para 
monitorizar la intensidad del ejercicio en 
mujeres con fibromialgia. Además, las mujeres 
con fibromialgia son capaces de discriminar 
entre la sensación de esfuerzo y de dolor 
durante el ejercicio, especialmente a medida 
que la intensidad del ejercicio aumenta. 

II. La capacidad aeróbica (medida mediante VO2 
pico) se asocia inversamente con la 
sensibilidad al dolor a la presión pero no con 
el dolor clínico (evaluado mediante escala 
visual analógica) en mujeres con fibromialgia. 

III. Una mayor condición física se asocia 
consistentemente con menores niveles de dolor 
(medido con diferentes indicadores), menor 
catastrofización ante el dolor, y mayor 
autoeficacia ante el dolor crónico en mujeres 
con fibromialgia. La fuerza muscular y la 
flexibilidad se asocian de forma independiente 
con el dolor, mientras que la capacidad 
aeróbica y la flexibilidad se asocian 
independientemente con la catastrofización 
ante el dolor y la autoeficacia. Se observó un 
efecto combinado de diferentes componentes 
de la condición física sobre el dolor, 
catastrofización y autoeficacia en esta 
población. 

IV. Mayores niveles de condición física se asocian 
de forme consistente a una menor severidad de 

la fibromialgia en mujeres. La diferencia en la 
severidad de la enfermedad entre los grupos 
(quintiles) con mayor y menor condición física 
sobrepasa el umbral de la relevancia clínica. 
La capacidad aeróbica (6-minute walk test) y 
la flexibilidad (back scratch test) son 
indicadores independientes de la severidad de 
la fibromialgia.  

V. Una mayor condición física se asocia positiva 
y consistentemente con el procesamiento de la 
información, memoria de trabajo, memoria 
diferida, aprendizaje verbal y reconocimiento 
diferido. Por el contrario, la adiposidad no 
parece asociarse con las tareas cognitivas 
estudiadas. La capacidad aeróbica parece ser el 
componente más importante de la condición 
física en relación a los procesos cognitivos 
evaluados, aunque la agilidad motora podría 
también jugar un papel importante. 

VI. Una mayor condición física está generalmente 
asociada con menores niveles de depresión en 
mujeres con fibromialgia. Sin embargo, las 
asociaciones observadas fueron débiles e 
inconsistentes, a diferencia de las observabas 
previamente en personas sanas. 

VII. Una mayor severidad de los síntomas de 
depresión se asocia con una peor 
sintomatología autoinformada y con el 
componente mental de la calidad de vida 
relacionada con la salud, pero no con la 
sensibilidad al dolor ni con la función física en 
mujeres con fibromialgia. 
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CONCLUSIONS  
 

The results of the present Doctoral Thesis suggest 
that:  

I. The Borg CR-10 scale is a moderately valid 
and reliable tool for monitoring exercise 
intensity in women with fibromyalgia. In 
addition, women with fibromyalgia are able to 
discriminate between exertion and exercise-
induced pain while exercising, especially as 
exercise intensity increases. 

II. Higher CRF (measured as peak VO2) is 
associated with lower pressure pain sensitivity 
(i.e. higher PPT and lower TPC) but not with 
clinical pain (as assessed with a VAS) in 
women with fibromyalgia. 

III. Higher physical fitness is consistently 
associated with lower levels of pain (assessed 
with different indicators), lower pain-related 
catastrophizing and higher chronic pain self-
efficacy in women with fibromyalgia. Muscle 
strength and flexibility were independently 
associated with pain, while aerobic fitness and 
flexibility were independently associated with 
pain-related catastrophizing and chronic pain 
self-efficacy. There was a combined effect of 
different fitness components on pain, 
catastrophizing and self-efficacy in this 
population. 

IV. Higher physical fitness is consistently 
associated with lower fibromyalgia severity in 
women with fibromyalgia. The difference in 

fibromyalgia severity between patients in the 
lowest and the highest fitness quintiles 
surpassed the minimal clinically meaningful 
difference. Aerobic fitness (as assessed with 
the 6-minute walk test) and flexibility (back 
scratch test) are independent indicators of 
fibromyalgia severity.  

V. Higher physical fitness is positively and 
consistently associated with information 
processing, working memory, delayed recall, 
verbal learning and delayed recognition in 
women with fibromyalgia. By contrast, body 
fatness does not seem to be associated with the 
studied cognitive tasks. Aerobic fitness seems 
to be the most important fitness indicator of 
the cognitive processes evaluated, yet motor 
agility could also play a relevant role. 

VI. Higher physical fitness is generally associated 
with lower symptoms of depression in women 
with fibromyalgia. However, the observed 
associations were weak and inconsistent, 
differing from those previously observed in 
healthy adults.  

VII. Higher severity of depressive symptoms is 
associated with poorer self-reported 
symptomatology and mental HRQoL, but not 
with pain sensitivity or physical function in 
women with fibromyalgia. 
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1. PROJECT: Efectos de los niveles de actividad física medidos en gasto energético sobre diferentes 
variables sintomatológicas de pacientes con síndrome de fibromialgia 
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PARTICIPATION TASKS: Collaboration in data processing, statistical analyses, interpretation and 
scientific dissemination of results. 
FUNDING: 3.000.000 DKK - (403.122 €) 
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corporal y condición física. 
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7. PROJECT: Coste efectividad de un programa de ejercicio físico en mujeres peri-menopáusicas (PI-
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FUNDING SOURCE: Ministerio de Economía y Competitividad. Programa Estatal de Investigación, 
Desarrollo e Innovación Orientada a los Retos de la Sociedad, modalidad 1, "Retos Investigación": 
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PRINCIPAL INVESTIGATOR: Manuel Delgado Fernández. 
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PARTICIPATION TASKS: Member of the work team. 
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9. PROJECT: Activating Brown Adipose Tissue through Exercise: estudio ACTIBATE. Efectos de un 

programa de ejercicio sobre la actividad y cantidad de tejido adiposo marrón en adultos jóvenes: 
Estudio aleatorizado controlado. 
FUNDING SOURCE: Ministerio de Economía y Competitividad, Fondo de Investigación Sanitaria 
del Instituto de Salud Carlos III (ref: PI13/01393) 
DATE AND DURATION: From 01/01/2014 to 31/12/2016 
PRINCIPAL INVESTIGATOR: Jonatan Ruiz Ruiz 
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1. Books Award to the 150 best Academic Performances from the University of Granada (2007/2008). 
Date: 03/03/2009.  

2. Extraordinary Award for the best Academic Performance (Degree in Sports Sciences, promotion 2006-
2011). Faculty of Sport Sciences, University of Granada, Spain. Date: 21/03/2012. 

3. University of Granada - Caja Rural Award to Academic Excellence. Best Performance in the area of 
Social and Educational Sciences (2010-2011). University of Granada, Spain. Date: 27/04/2012. 

4. National Award (Accésit) to the best Academic Performance in the area of Social Sciences and Law. 
Degree in Sports Sciences (2010-2011). Spanish Ministry of Education, Culture and Sport. Date: 
06/05/2014 (BOE-A-2014-4844). 

5. Excellence Award (Mention) on International Mobility Program (2013-2014). Vice-chancellorship of 
International Relations, University of Granada. Date: 27/04/2015. 

 
Other merits 

a) Reviewer for scientific journals: 

- BMC Public Health 
- Pain Medicine 
- American Journal of Men’s Health 
- Journal of Sport and Health Science 

 
b) Practical training at the High Performance Sports Center at Sierra Nevada (Monachil). Consejo 

Superior de Deportes (CSD; 2010/2011). Duration: 120 h. Date: 10/08/2011. 

c) Elementary Degree in Music (Violoncello). Royal Conservatory of Music of Almería. Date: 
22/8/2007. 

d) Spanish University Championships (Tennis). Mixed doubles champion representing the University of 
Granada (2007/2008 and 2008/2009). 
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tus hijos y tu familia. Gracias por cada viaje que 
hiciste para que yo pudiera soñar jugando al Tenis 
(qué bonito dejar que un niño consiga soñar y luchar 
por sus sueños! [yo intentaré dejar que mis hijos 
sueñen]) y tocar el violoncello, por invertir todas tus 
tardes, sin pensar jamás en tí (o acaso pensar en tí 
tenía el mismo significado). Gracias por inculcarme 
que hay que ser buena persona y ayudar a los demás. 

Creo que representas la generosidad en estado puro. 
Gracias por representar el concepto de amor de una 
forma tan intensa que es complejo llegar a entender y 
que yo en (demasiadas) ocasiones no he sido (ni sigo 
siendo) capaz de interpretar ni asumir. Soy 
consciente de que nunca existirá un ser en este 
mundo capaz de preocuparse tanto por mí como lo 
haces tú. Tan solo quiero poder disfrutar de tus 
abrazos tanto tiempo como la vida quiera regalarnos. 
Mamá, tú eres fiel reflejo de la persona en la que yo 
querría convertirme y mi ejemplo a seguir. Jamás he 
conocido a alguien con ese saber estar, esa serenidad 
y esa sensatez. Gracias por educarme tan bien y por 
tus sabios consejos, que me han guiado siempre. 
Gracias por aportar calma a mi vida y por regalarme 
un amor precioso que me llevo conmigo para 
siempre. Sólo con pensar en tí ya me siento arropado, 
dentro de tí, como antes de nacer, es bonito, ¿verdad? 
Gracias a ambos por vuestra generosidad al dejarme 
ir tan pequeño… Pablo, eres mi hermano pequeño 
aunque en ocasiones has demostrado tener mucha 
más madurez que yo. Gracias por compartir todo 
conmigo, por confiar siempre en mí y por hacerme 
creer que yo era ejemplo para tí, cuando en realidad, 
desde un tiempo a esta parte, todo ha sido siempre 
recíproco. Gracias por ser a la vez mi hermano y mi 
mejor amigo, por guardar mis secretos, y por estar ahí 
para todo. Estoy seguro de que tu trabajo, tu 
generosidad y tu corazón te van a llevar a donde 
tengas que estar para ser feliz! Os quiero con todo. Y 
Rocío, eres excepcional, única, encantadora, 
irrepetible e inigualable, imposible no quererte tanto. 
Gracias por querer tanto a Pablo y por darnos tanto 
cariño a todos. 

Evita, este lugar, el más importante, es sólo para tí, 
para mi bombón! Es imposible que una simples 
palabras reflejen la complicidad y el amor tal y como 
lo sentimos juntos. Esta Tesis es para tí, para 
nosotros, y ojalá suponga el pasaporte para estar 
juntos…Hace ya cinco años que me enamoré de tu 
sonrisa, tu seña identificativa, un reflejo de Eva como 
persona, como mujer, y como amiga… una atracción 
inevitable para mí y una de las razones por las que 
hoy estamos aquí…Gracias por estar a mi lado 
compartiéndolo todo y queriéndome tanto. Sei tu. Te 
amo. 
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Annexes 

 
1. Mini-mental State Examination 

2. Beck Depression Inventory - second edition 

3. Revised Fibromyalgia Impact Questionnaire 

4. Pain Catastrophizing Scale 

5. Chronic Pain Self-efficacy Scale 

6. Pittsburgh Sleep Quality Index 

7. Multidimensional Fatigue Inventory 

8. 36-item Short Form health survey 

9. Paced Auditory Serial Addition Task 

10. Rey Auditory Verbal Learning Test 

11. Visual Analogue Scale 
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