UNIVERSITY OF THESSALY

Department of Physical Education and Sport Science

Master Program

EXERCISE & HEALTH

THE EFFECT OF MUSCLE FATIGUE IN NEUROMUSCULAR ACTIVITY

DURING SLEEP

by

MSc Student: Georgia I. Mitrou

Supervisory Team: Giorgos K. Sakkas
Yiannis Koutedakis
Christina Karatzaferi

A Master Thesis submitted to the Teaching Staff for the partial fulfillment of the obligations
in order to obtain the postgraduate title of Master Program «Exercise &Health » of

Department of Physical Education and Sport Science of University of Thessaly

2012

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 19:49:19 EEST - 18.188.134.251



© 2012
Georgia | Mitrou MSc

ALL RIGHTS RESERVED

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 19:49:19 EEST - 18.188.134.251



Acknowledgments

I would like to express my special thanks to my supervisors for their valuable guidance and
advice. Special thanks | would like to express to my mentor and thesis supervisor Dr Giorgos
Sakkas who trusted me, supported me and gave me the chance to get involved in such a
wonderful project through which | have acquired essential skills for the advancement of my

professional status.

I would also like to thank all the participants of this project who willingly and effortless

helped me complete this project within the limited time frame | had.

I would like to thank my parents loannis and Eustathia not only for their financial and
emotional support but also for their unlimited patience offered me all these years since | have
not been known as the easiest child in the world. 1 am grateful to my parents for their

priceless contribution into my life and personality.

I would also like to thank my dearest sister Alexandra for being my best friend and for her
strong support in anything | have decided to do so far. | hope sometime to be able to show to

her my appreciation.

Lastly I would like to thank my friends who helped me with their own way and especially my
boyfriend Stergios who helped me change the way | see and enjoy every moment in this short

but very precious life.

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 19:49:19 EEST - 18.188.134.251



Mepiinym

Ewoayoyn: H cuotnpatikny doknon ndpa ELEPYETIKA TNV VYELN TOV 06OEVOV OV TACYKOVV
amd Kamolo ypovio voonua. Ot acBeveig pe vevpoAoykég doTapayés Omwg T0 ZVVOPOUO
Aviovyov Ilodwwv (XAIl) ko 10 Zovdpopo Ileprodwkov Kivnoewv tov Axpov (ZITKA)
TOPUTOVOVVTOL GLYVE OTL TO GUUTTOUATO TNG VOGOL emavédvovtol VoTEPL amd EViovn

COUOTIKN OpacTnptoTNTa 1 VOTEPA OO LU0 COUATIKA KOVPOUGTIKT NUEPQL.

YKomOG: KOOGS TNG TOPOVGAG EPELVAG NTAV VO EEETAGTEL AV 1] AGKNGOYEVIG HVIKT] KOTMON
Bo pmopovce vo ETNPEACEL TNV VELPOUVTKT OPACTNPLOTNTO KATA TN OPKEIL TOL VITVOL

(avnovyia) oe vyieic eBehovtec.

MeBodoroyia: 21 vyelg eviikeg (N=21, 12A/9T", 24+£3,7 et®v), coppetelyav o€ €va Tpiwpo
TPOYPOALLLO AOKNOTNG UIKPNG EVTOONG Kot LEYAANG d1apkelag (mepmatnua pe toyvtnta Skm/h,
0% xAion). H mtdon g duvaung og amotéAESHO TOV TPOTOKOAAOV AGKNONG EKTUNONKE
Héow TG pétpnone ¢ uéylotg tooupetpikng pomnc (Cybex), mpwv kor petd amd to
TPOTOKOALO ACKNONG KOOMG Kol TNV TEUTTN NUEPA TOV HeTpoewv (Muépa 5). H vevpopvikn
OpaoTNPOTNTE. KATA TNV OWIPKEW TOL VIVOL KOTAYPAPNKE HECH OKTLYpoiag VTVov
(Somnowatch) éva Bpadv mpiv to TpwTOKOAAO doknong Kabmg kot ta tpio. akdAovBa fpadia.
[TpaypatomomOnke eniong opoAnyio TPV 10 TPOTOKOALO AoKNONG KOOMS Kot TV TEUTTN
NUEPEL TV UETPNOE®V ®CTE Vo  mpoypotomombel £€voc  Poynukog €heyyog Tov
CLUUETEYOVTOV KaBOG emiong kot vo amokAewotel n mbavotnta pvikng PAaPns. Téhog, ot
SoKIalOUEVOL CUUTANPOOAY TO TOPOKAT® ep@TNUATOAdY Yoo TV afloddynon ng:
YEVIKNG vyeiag, movttog vrvov-Pittsburgh (nuépa 1), mowdtnrag {wfc-SF36, efdopadiaiog
To1OTNTOG VIVOL, KATpakag vevniiog-Epworth, ikipaxag k6Tmong (Muépa 1 ko nuépa 5). Ot
GUUUETEYOVTEG, GLUTANPOVAV EMIONG NUEPOAOYIO VIvov, dayveootikd kprmpae ZAIT ko

epomuatordyo tévov McGill (kabnpepwva, 5 popég).
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Amotedéopota: Tlapdrlo MOV T0 GKOP TOL HVIKOL TOVOL KOPLEMOONKE TO PBpddv HETh TO
Tp®TOKOAAO doknong (P<0,05), emoTpéPOVTag GTO ApPYIKO GKOP TNV TEUTTY NUEPA TOV
HETPNOE®Y, Oev TopOTNPNONKAY OTOTIGTIKG ONUAVTIKEG SWPOPEC TPV Kol UETA TO
TPOTOKOALO GE Kavévay amd Tovg LVIOAOTOVG e€etaldpevoug mopdyovtes, o0TE KOl GTNV

VELPOUVIKT dpAcTNPIOTNTA KATA TNV OEPKELN TOV VTTVOV.

Yvumepdoparto: Maprtopiec acBevav pe avnovyio kotd tn OSIpKEW TOL VIVOL, OTMG
acBevov pe XAIl, vrootpilovv OTL M ACKNOCLOYEVNG MLIKN KOTTwon Bo pmopovce va
eEMNPEBOEL TNV VEVPOUVTKY] OpactnpldtnTa KaTd TN ddpkeln Tov Vmvov kot avtd Ha
umopovoe va 0dNyNnoel o Tpochetn avnovyio Kot dwtapoyés Vvov. Ta aroTeEAEoUATA LG
£0€1Eav g £va TPlwPo TPMOTOKOALO NG AOKNONG, OV EMNPENGE CMUAVTIKA TNV TOOTHTA
VYOV OVTE EMOENCE TNV VELPOUVIKY dpactnpotnta. Avtd eivar Oetikd epocov Odmmg
eaivetal ol acBeveic pe vevporoyikég datapayés Onwe 10 XAIl pmopovv av 1o embopovv va
GUUUETEXOVV GE TPOYPAUUATO OACKNONG YWPIC VO YEPOTEPELOVY TO, GLUTTOUATA TOVG.
Melhovtikn €pevva TpEmel vo aEl0AOYNGEL OV TO OTOTEAEGUATA WaG 1oyvovy e&icov o€
acBeveic TOL VITOEEPOVY OO avnoLYio KATA TNV OdPKELDL TOL VTVOV, KAOMG Kot G€ LYW

ATOLLO TTOV TTAGYOVY A0 SLTAPOYEG VTIVOL AOY® EpYaciog oe Papotes.
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Abstract

Exercise is beneficial for many chronic diseases. Patients with movement disorders like
Restless Leg Syndrome (RLS) and Periodic Leg Movement Syndrome (PLMS) complain of

restlessness during sleep especially after intense exercise or “a very long day”.

Aim: The purpose of the study was to examine whether exercise-induced muscle fatigue
could affect neuromuscular activity during sleep (restlessness) in healthy volunteers with no

sleep or movement disorders.

Methods: 21 healthy adults (N=21), participated in a 3—hour mild intensity exercise protocol
(walking at 5 km/hr, 0% inclination). Maximal isometric torque (Cybex) was assessed before
and after the exercise protocol and at the fifth day of measurements (day 5). Neuromuscular
activity during sleep was recorded by an actigraphy system (Somnowatch), the night before
the exercise protocol and for the three following nights. Blood samples taken at baseline and
at day 5, were subsequently analyzed for standard biochemical indices. Participants
completed the following questionnaires for assessing: general health, sleep quality-Pittsburgh
(at baseline), quality of life-SF36, 7-day sleep quality, Epworth’s Sleepiness Scale, Fatigue
Severity scale (at baseline and at day 5) and daily sleep diary, RLS diagnostic criteria and

McGill pain (every day, i.e. 5 times).

Results: Even though the score of muscle pain peaked the night after the exercise protocol
(p<0.05), returning to baseline values on the last day, no statistical differences were found
before and after the exercise protocol in any of the other examined parameters, nor in the

neuromuscular activity during sleep.

Conclusion: It has been reported from patients with restlessness during sleep like RLS
patients, that exercise-induced muscle fatigue could affect neuromuscular activity during

sleep and this could lead to added restlessness and disturbed sleep. Our results showed that a
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3-hour bout of mild intensity exercise, did not significantly affect sleep quality. This is
promising if patients with neurological symptoms such as RLS wish to engage in exercise
programme without worsening their symptoms. Future research should evaluate whether our
findings are applicable to clinical population who suffer from restlessness during sleep, and

to healthy individuals with shift-work sleep disorders.
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Introduction

Exercise is beneficial on many aspects of health including cardiovascular system,
musculoskeletal system, mental health and sleep quality. In addition, exercise can be used as
a mean of prevention or treatment of many chronic diseases such as cardiovascular diseases,
musculoskeletal diseases, diabetes mellitus, depression, movement and sleep disorders such
as Restless Leg Syndrome (RLS) and Periodic Leg Movements Syndrome (PLMS)(Esteves,
de Mello, Pradella-Hallinan, & Tufik, 2009; Giannaki et al., 2010; Office of the U.S. Surgeon

General: Physical, Activity, and Health: A report of the Surgeon General, US. , 1996).

Sleep disorders and poor sleep quality affect many people all over the world (Parish, 2009).
The severity of sleep disorders vary from patient to patient and very often depends on the
daily life functioning, the level of comorbidity and on their fitness status (Mota & Vale,

2010).

It is well known that poor sleep quality is related to other conditions like heart disease and
diabetes (Hoevenaar-Blom, Spijkerman, Kromhout, van den Berg, & Verschuren, 2011) as
well as various mental disorders (Salo et al., 2010). In addition, poor sleep quality may cause
daytime fatigue (Goldman et al., 2008) and sleepiness which also could lead to car and other
type of accidents (Smolensky, Di Milia, Ohayon, & Philip, 2011). Poor sleep quality is highly
related to mental problems (Manocchia, Keller, & Ware, 2001) and low levels of quality of

life (Krishnan et al., 2008).

There have been many studies examining the effect of exercise training in sleep quality and it
has been observed that acute or chronic exercise could induce significant improvements in
sleep quality (Chen, Liu, Huang, & Chiou, 2012; Kline et al., 2011). Even though exercise
has been shown to effectively reduce the RLS and PLMS symptoms in patients (Esteves, et

al., 2009; Giannaki, et al., 2010), many patients complain for increased restlessness during

Institutional Repository - Library & Information Centre - University of Thessaly
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sleep after intense muscle work or a very long day and they use this as an excuse to avoid any
exercise activity. So far there are no studies investigating the effect of intense muscle work or

“a very long day” in sleep quality and particularly in neuromuscular activity during sleep.

Thus, the aim of the current study was to examine the effect of an exercise-induced fatigue
protocol in the neuromuscular activity during sleep (restlessness) in healthy adults before we

could proceed further into a patient’s population.
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Aims - Significance

According to patient anecdotal reports, “physical fatigue and intense muscle work make the
neuromuscular activity during sleep harder and worsen the sleep affecting thus their quality
and quantity of sleep”. Using this as an excuse, patients “are afraid” to participate in any
exercise training program and therefore they don’t receive any of the numerous benefits of
exercise. To the best of our knowledge, there are no studies examined whether “a very long
day” could indeed increase restlessness during sleep and worsen the sleep quality in healthy

volunteers.

The Aim of the study was to examine whether exercise-induced fatigue, can affect

neuromuscular activity during sleep in healthy individuals.
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Literature Review
Exercise Training and Endurance

Benefits of Exercise training in health

It is well known that exercise training may affect positively physical and mental
health in humans of all ages and both genders. Exercise may be beneficial for many clinical
situations, chronic diseases and for several problems related with sedentary life style of the
modern society. Specifically, exercise is significantly beneficial for weight control, for
musculoskeletal health, for the regulation of triglycerides, of cholesterol and of LDL
cholesterol and therefore is beneficial for several diseases like hypertension, cardiovascular
disease, diabetes mellitus, osteoporosis and sarcopenia (Office of the U.S. Surgeon General:
Physical, Activity, and Health: A report of the Surgeon General, US. , 1996). In addition,
exercise causes significant improvements in mental health not only in healthy people but in
clinical population too (Siddiqui, Nessa, & Hossain, 2010; Warburton, Nicol, & Bredin,
2006). Furthermore, exercise improves health status of patients with medical complex
illnesses like Parkinson’s disecase and End Stage Renal Disease treated with hemodialysis
who suffer from multiple physical, neurological and mental problems (Goldberg et al., 1983;
Smith, Kennedy, Smith, Orent, & Fleshner, 2006). Although all the types of exercise
(aerobic, resistance or combination) cause improvements in health, the type of exercise or the
combination of exercise types is an important factor which affects the health improvements

accordingly on the clinical situation and the needs of each individual.

Aerobic

Aerobic exercise training is considered as any activity which activates large muscle groups
continuously and rhythmically (e.g. walking, cycling). This type of exercise causes

improvements mainly in cardiovascular health and in metabolic regulation. Particularly,
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causes beneficial alterations in systolic blood pressure, in resting Heart Rate, in triglyceride
levels, in HDL cholesterol, in total cholesterol, in body fat and in body weight. As a result,
aerobic training is beneficial not only for the prevention of metabolic and heart diseases in
healthy people but also for the treatment of metabolic and heart diseases and for other
complex diseases that metabolic and heart problems are presented like End stage renal

disease and obesity (Braun, 1991).

According to ACSM prescription about quality and quantity of exercise ("American College
of Sports Medicine Position Stand. The recommended quantity and quality of exercise for
developing and maintaining cardiorespiratory and muscular fitness, and flexibility in healthy
adults,” 1998) the duration of an aerobic exercise training program should be 20-60 minutes
in order to be efficient. The intensity of training should be at 55%-90% of individual’s
maximum Heart Rate (HRmax) while 55%-64% of HRmax is suggested as the appropriate
intensity for unfit individuals. However, exercise training is still efficient with shorter

durations when intensity is decreased or conversely.

Resistance

Resistance exercise is considered as any voluntary activation of muscles against a weight or
resistance (e.g. body weight, dumbbells, and elastic bands). This type of exercise training
causes improvements in musculoskeletal system, and therefore improves musculoskeletal
functioning, prevents osteoporosis, sarcopenia and other problems associated with
musculoskeletal problems. Additionally, resistance training induces the resting metabolic rate
and improves lipidic profile included the regulation of insulin sensitivity and glucose

metabolism, body fat and blood pressure (Winett & Carpinelli, 2001).
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According to ACSM prescription ("American College of Sports Medicine Position Stand.
The recommended quantity and quality of exercise for developing and maintaining
cardiorespiratory and muscular fitness, and flexibility in healthy adults,” 1998), a resistance
exercise program should be progressive and should activate major muscle groups. A set of 8-
12 repetitions for each exercise is required in order to be efficient a training program. A set of
8-10 repetitions for each exercise is enough for the maintenance of muscle strength and more
sets or more repetitions could be done for greater benefits. The frequency of the training
sessions should be about 2-3 days per week. Lastly, resistance exercise should be

accompanied by flexibility exercises in order to maintain or improve range of motion (ROM).

Aerobic-resistance combination

In the last years there have been many studies which examine the influence of combined
aerobic-resistance exercise training programs in several factors of health and in chronic
diseases and it seems that this type of training causes greater improvements in health. For
example, Sanal et al. (Sanal, Ardic, & Kirac, 2012) who examined the influence of an aerobic
training program compared to a combined aerobic-resistance program in body composition of
obese and overweight participants, observed that the combined program caused greater
reduction of body fat and greater increase of free fat free mass after 12 weeks of combined
training compared to aerobic training. These findings were consistent with the study of
Brennan et al. who also observed that a combined aerobic-resistance training caused greater
benefits in body composition, in strength and in cardiovascular fitness compared to the

aerobic training (Brennan, 2012).
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What is Fatigue?

Terminology

Fatigue is the inability to maintain the expected force (Edwards, 1981). Muscle fatigue is
usually observed after an exercise session but is also presented in clinical population as
secondary fatigue mainly because people with chronic diseases adopt a sedentary life style
which leads to the reduction of muscle mass and thus in the reduction of muscle strength and

the increase of fatigue (Rimmer, Schiller, & Chen, 2012).

Causes of Fatigue

In one third of people who declare that they feel fatigued there is no etiology. Cancer,
anemia, lung disease, chronic obstructive pulmonary disease, chronic renal failure, chronic
heart failure, HIV, multiple sclerosis, aging, sarcopenia, medications, depression and chronic
fatigue syndrome are the most common clinical situations that are accompanied by fatigue
(Evans & Lambert, 2007; Rosenthal, Majeroni, Pretorius, & Malik, 2008). It must be noticed
here that chronic fatigue syndrome is most severe compared to chronic fatigue. Additionally
the half patients suffered of chronic fatigue syndrome believe that their illness caused by
their psychological status (Darbishire, Ridsdale, & Seed, 2003). It has been also supposed
that in healthy people, the main cause of fatigue is the sedentary life style and inactivity
which lead to reduced muscle mass and strength and thus to fatigue. Individuals who
withdraw from their daily physical activities due to injuries also feel fatigued and depressed

(Berlin, Kop, & Deuster, 2006).

The causes of fatigue in clinical population vary from disease to disease. For example in
multiple sclerosis the cause of fatigue is probably that most of patients can’t activate their
muscles up to 60% of the expected activation (Rice, Vollmer, & Bigland-Ritchie, 1992) and

their reduced muscle fiber size which has reported to be 26% smaller compared to healthy
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people (Kent-Braun et al., 1997). Thus, muscle strength of these patients is limited and they

experience fatigue.

In addition, an exhausting exercise training program is also able to cause fatigue. The
appearance and progress of muscle fatigue induced by exercise depends on the type of muscle
fibers that are used during exercise, the intensity of exercise and the duration of exercise
(Vander, 2001).

Picture 1. Muscle Fatigue (alssymptoms.net)

The cause of fatigue induced by long term and mild intensity exercise (cycle periods of
muscle contraction and relaxation) is not yet well known but lactic acid may be the main
cause probably because of muscle oxidation (caused of the release of lactic acid in blood).
Muscle oxidation, affects the 3D muscle structure and as a result the muscle is not able to be
as active as it was before the activity. In addition, the reduction of ATP during a long term
and low intensity exercise, leads to muscle glycogen use. Thus, muscle cannot be as strong as
it was before the exercise. This kind of fatigue (low frequency fatigue) may be recovered
after 24 hours of rest (via protein-synthesis) but depends on the accurate intensity and

duration of the activity (Vander, 2001).

In short duration and high intensity exercise, ATP-Pcr energy system (Pcr provides the
phosphate for the phosphorylation of ADP to ATP) is the main energy source. In muscle

fatigue caused by this kind of exercise, a significant reduction of PCr (Phosphocreatine) is
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observed (Wilmore, 2006). The reduction of PCr could mean a loss of ATP that could cause
serious problems in muscle relaxation while without ATP, actin filaments cannot be detached

from the myosin cross bridges (Koopman et al., 2003).

However, ATP isn’t reduced as fast as Pcr due to its production from other sources after
depletion of Pcr. Thus, ATP reduction cannot be considered as a cause of fatigue but (this
reduction of ATP) may cause a prolongation in muscle relaxation of a fatigued muscle
compared to a non-fatigued muscle. Thus, while the reduction of Pcr and ATP after a short
duration and high intensity muscle cannot be considered as the causes of fatigue, the increase
of Pi (inorganic phosphate) due to the splitting of Pcr has been considered as a possible cause
of fatigue after short duration and high intensity exercise (Wilmore, 2006) while it is well
known that when the concentration of Pi is high, the force is reduced (Westerblad, Lee,

Lannergren, & Allen, 1991).
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Means of reducing fatigue

Exercise

Several studies have examined the effect of exercise as a non pharmacological treatment of
fatigue. Fatigue may be reduced after exercise training due to the increase of muscle size, to
the alterations of muscle fibers type, to the changes of muscle activation and to the
development of muscle pH regulation (Bogdanis, 2012). In addition, exercise may cause
improvements not only to physical health but in mental health (Penedo & Dahn, 2005) which

is also an important factor related with fatigue (Williamson et al., 2005).

Puetz et al. (Puetz, Flowers, & O'Connor, 2008) examined the impact of a 6 week aerobic
training program in fatigue and energy feelings. In this study, the participants were sedentary
healthy adults and they only had feelings of fatigue. After the end of the intervention program
there was observed a reduction of fatigue feeling mainly by low intensity aerobic exercise

compared to moderate intensity exercise.

In clinical population suffered from secondary fatigue, exercise training programs are very
helpful for ameliorating fatigue. Schwartz et al. examined the impact of a low intensity and
short duration home-based aerobic exercise program in women with breast cancer receiving
chemotherapy and they observed a significant reduction in fatigue. However the reduction of
fatigue was more when the duration of the program was increased. Additionally, the
reduction of fatigue was maintained only for the day of exercise session (Schwartz, Mori,
Gao, Nail, & King, 2001). Furthermore, the study of Weert et al. (van Weert et al., 2006)
examined the effect of a complex intervention program in cancer patients with different
diagnosis. The intervention program consisted of 15 sessions of combined aerobic and
strengthening exercise training, 17 sessions of physical activity (sports), 9 sessions of psycho
education and 10 sessions of information about the illness. The results of this study showed a

significant decline of fatigue.
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Hemodialysis patients are another group of patients who suffer from muscle weakness and
fatigue. Exercise programs may improve muscle structure and functional capacity and
especially during hemodialysis may also cause significant improvements in fatigability

(Kouidi, 2001; Storer, Casaburi, Sawelson, & Kopple, 2005).

Medication

In chronic diseases related with fatigue have been tried a lot of medications in order to reduce
fatigue mainly be reducing depression. Thus, the drugs that have been most studied, are
psychotropic medications. In cancer-related fatigue the most common medications include

antidepressants drugs, psychostimulants and wakefulness-promoting agents.

According to Breitbart and Alici-Evcimen review (Breitbart & Alici-Evcimen, 2007)
Paroxetine is an effective drug for the reduction of fatigue mainly when fatigue is
accompanied by clinical depression. In addition, bupropion has been supposed that probably
has psychostimulant-like effect and it seems to be beneficial to fatigue while
methylphenidate has been reported as the most efficient and well tolerated drug in cancer
related fatigue. Modafinil and paroxetine are efficient drugs but they are not well tolerated as

methylphenidate.

In chronic fatigue syndrome the most common treatment that is used by patients (subscribed
or not) include vitamins and pain relievers. Jones et. al (Jones, Nisenbaum, & Reeves, 2003)
in their study used a telephone survey in order to ask patients with CFS and non fatigued
individuals about what medications use in order to reduce the symptoms of fatigue. The
authors suggested that CFS patients reported 316 different drugs and non fatigued controls
reported 157 different drugs. However, in this patient group and in healthy controls the most

common agents for reducing muscle fatigue were pain relievers and vitamins. CFS patients
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also reported consumption of hormones, antidepressants, central nervous system medications
benzodiazepines and gastrointestinal medications. However, as it was suggested by authors

the need of CFS patients is focused on the fatigue symptoms relief.

Psychology
Since fatigue has a strong relationship with mental health (Williamson, et al., 2005) there

have been many studies focusing on the improvement of mental health in order to cause
reduction in fatigue. Cognitive behavior therapy (CBT) has been suggested as an important
intervention for the reduction of fatigue in clinical population. For example, Van Kessel et al.
(van Kessel et al., 2008) examined the impact of 8 months of CBT in patients with multiple
sclerosis and the results showed an important reduction of fatigue which lasted even six
months after the end of the intervention program. Furthermore, there is a large body of
literature about the effect of CBT in chronic fatigue syndrome and in cancer related fatigue
which also reports significant reduction of fatigue via this kind of intervention (Cella, Stahl,
Reme, & Chalder, 2011; Deale, Chalder, Marks, & Wessely, 1997; Kwekkeboom, Abbott-
Anderson, & Wanta, 2010; Prins & Bleijenberg, 1999). However, there have been studies
which have applied interventions with combination of CBT and exercise training in order to
reduce fatigue in several clinical situations. For example, the study of Van-Weert et al. (van
Weert et al., 2010) examined the impact of a combined intervention program (CBT and
physical training) compared to only physical training in fatigue of cancer survivors.
According to the results, the reduction of fatigue only via physical training was similar to the
reduction of fatigue via the combined intervention program. Thus physical training may be
most beneficial alternative treatment for the reduction of the fatigue compared to CBT due to
the ability of exercise to improve both mental health and physical health (Peluso & Guerra de

Andrade, 2005; Penedo & Dahn, 2005).
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Fatigue Effects

In quality of life
Quality of life, in diseases related with fatigue has been well established. Hardt et al. (Hardt

et al., 2001) suggested that patients with CFS patients of 3 countries had similarly low health
related quality of life (HRQoL). In addition, in the study of Schweitzer et al. (Schweitzer,
Kelly, Foran, Terry, & Whiting, 1995) was observed a poor quality of life (QoL), especially
focused in social functioning aspects. Dickson et al. (Dickson, Toft, & O'Carroll, 2009) also
observed a decline in physical and psychological aspects of QoL compared to healthy

individuals and in thyroid disease patients.

In sleep and daytime sleepiness

Disturbed sleep is presented in chronic ill people and in healthy people too for various causes.
Sleep disruption may be due to sleep disorders like RLS and PLMS or it may be sedentary to
other chronic diseases (Reynolds & Banks, 2010). Furthermore, it has been well established
that sleep disorders may occur due to work load, to shift work, to the long duration of work
and important predisposing factors are also the gender and age (Ribet & Derriennic, 1999).
Sleep disruption causes sleep loss and therefore daytime sleepiness (Reynolds & Banks,
2010).

“The complaint of excessive daytime sleepiness includes inappropriate and undesirable sleep
during waking hours; reduced motor and cognitive performance; unavoidable napping;
sometimes-but not always-an increase in total 24 hour sleep time; and occasionally states of
incomplete arousal with automatic behaviour and sleep drunkenness, slufted speech, impaired
motor control, and difficulty in focusing” (Parkes, 1993). It has been reported from several
studies that daytime sleepiness leads to accidents too often and it should be noticed that

(daytime sleepiness) is often be confused with fatigue and tiredness (Parkes, 1993).
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It is well known that sleep disorders-poor sleep quality cause daytime fatigue (Lichstein,
Means, Noe, & Aguillard, 1997). However, few investigations have explored the effect of
fatigue in sleep. Kunert et al. (Kunert, King, & Kolkhorst, 2007) compared sleep quality
between night shift nurses with day shift nurses. As it was self reported by questionnaires,
night shift nurses experienced more fatigue and poorer sleep quality compared to day shift
nurses. Akerstedt et al. (Akerstedt, Fredlund, Gillberg, & Jansson, 2002) interviewed 58.115
individuals with questions related to health and work. As it was observed, the individuals
with more physical strenuous work, shift work stress -which were in association with fatigue
-had high levels of disturbed sleep. Other factors that caused sleep disruption were the gender
(female), the age (above 49 years) and the presence of other diseases. However, in the study
of Jacquinet-Salord et al. (Jacquinet-Salord, Lang, Fouriaud, Nicoulet, & Bingham, 1993),
physical working conditions of physicians didn’t affect the sleep quality. In the current study,
the factors which had a negative impact in sleep quality were the age (above 55), the gender

(females), the drug consumption, the bad work conditions and the bad work atmosphere.

In RLS and PLMS

Restless Leg Syndrome (RLS)

Restless legs syndrome (RLS) is a sensorimotor neurological disorder which is mainly
characterized by a discomfort sensation at legs and an unconquerable desire of leg
movements. Restlessness in these patients is more intense during rest time and during night
and is relieved only by moving their legs. The pathophysiology of the disorder is not well
known yet but according to the most studies, the problem is detected in iron deficiency and in
dopaminergic system (Clark, 2001). The prevalence of the syndrome is 3-10% in general

population mainly because of family history and is also presented in clinical population. The
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syndrome is presented mostly in the older population and is most severe in patients with low

Ferritin levels (Curgunlu et al., 2012).

There have been tried a lot of medication in order to reduce RLS symptoms and the most
efficient and common used medications are levodopa, ropinirole, pramipexole, capergoline,

pergolide, and gabapentin (Trenkwalder et al., 2008).

RLS is highly associated with fatigue and daytime sleepiness. Gerhard et al. (Gerhard, Bosse,
Uzun, Orth, & Kotterba, 2005) observed that between 28 RLS patients, 17 patients reported
high levels of fatigue and 17 patients reported daytime sleepiness but fatigue and daytime
sleepiness were not correlated. However, there was observed that high levels of shelf reported
fatigue caused low levels of physical health (of SF36) while daytime sleepiness caused low
levels of mental health. The authors suggested that fatigue and daytime sleepiness affect

negatively RLS patients.

Periodic Leg Movements during Sleep (PLMS)

PLMS is a neurological sensory-motor disorder that takes place during sleep. It is
characterized by repetitive movements of lower limbs during sleep (Yang & Winkelman,
2010), it affects the continuity of sleep and as a result it disrupts the sleep quality and
quantity (Ekbom & Ulfberg, 2009). The symptoms cannot be recognized from patients but
most times they complain for day time sleepiness and insomnia (Pigeon & Yurcheshen,
2009). A polysomnography system or actigraphy during sleep is used to support the clinical
diagnosis (Yang & Winkelman, 2010). The pathophysiology of the syndrome is not well
known but most studies have found a defect in brain biochemistry (dopaminergic dysfunction
within CNS) (Avidan, 2009). PLMS is estimated to be appeared in 4-11% of general

population (Hornyak, Feige, Riemann, & Voderholzer, 2006), in 80% of patients with
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Restless Legs Syndrome (RLS) (Montplaisir et al., 1997) and in 25% of patients with end-
stage renal disease (Burmann-Urbanek et al., 1995). In the long run, the syndrome may cause
cardiovascular diseases (hypertension, heart disease) cerebral diseases (stroke) and sleep
disorders (Yang & Winkelman, 2010). Dopaminergic agonists are considered as the first line
treatment (ropinirole, capergoline, pramipexole) (Karatas, 2007) but acute and chronic

exercise could also be an effective alternative treatment (Giannaki, et al., 2010).
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Methodology

Participants

Twenty one (N=21) young adults (12 males/9 females), agreed to voluntarily participate in
the present study. Our participants were asked to read and sign the consent form of the
research and they had the right to withdraw from the study at any moment they would wish

to. The present study was approved by the Ethical committee of the University of Thessaly.

Table 1. Participant’s characteristics

Variables Participants
N 21
Males (6 fit, 6 unfit)/ 12/9

Females (6 fit, 3 unfit)

Age (years) 24 +£3.7
BMI (kg/n?) 224+24
Fit/Unfit 12/9
Physical Health (SF36) 81,7+ 14,4
Mental Health (SF36) 75,6 15,0
Total Score (SF36) 80,3 + 14,1
Pittsburgh 7,4+5,5
Fatigue 32+1,2
RLS Negative

All data are mean + SD. Abbreviations: BMI, Body Mass Index; Fit, 3 or more days per week
of physical activity, RLS, Restless Legs Syndrome.

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 19:49:19 EEST - 18.188.134.251



32

Inclusion criteria

In order to participate, volunteers had to be healthy and aged between 18-30 years old. In
addition, the participants had not to do any activity which would cause muscle damage the

week before the start of the study and the week during the study too.

Exclusion criteria

From the study was been excluded any prospective participant suffering from orthopedic
problems, cardiovascular problems, from Periodic Leg Movement Syndrome (PLMS), from
any other sleep disturbance (checked by health questionnaire) and anybody who was under
treatment for several health problems and especially anybody who had to use inflammatory
drugs. In addition, anybody who used to work during night at the time of the study’s carrying

out was also been excluded from the study.

Study design

The study design which was been followed, was the following (Table 2): The duration of the
measurements was 5 days for each participant. The first day the participants had first to read
and sign the consent form of the study, to fill in the health questionnaire and they were also
asked to fill in several questionnaires and diaries every day. Their neuromuscular activity
during sleep was recorded at the first night of the study (pre exercise protocol) and at the next
3 consecutive nights (after exercise protocol) by an actigraphy system (Somnowatch-

Northmed). The second day of the study the blood sampling, the measurement of their weight
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and high, the maximum isokinetic torque test and the exercise protocol took place and after
that the maximum isokinetic torque test was repeated. At the end of the protocol, the
participant’s weight was measured again. This day was followed by the overnight recording
of neuromuscular activity. The next days the participants had only to fill in the pain
questionnaire, the daily Restless Leg Syndrome (RLS) questionnaire, the sleep diary and to
wear the Somnowatch during their sleep. At the fifth day of the study (72 hours after the
exercise protocol), volunteers were asked to come for last time to the laboratory just for a
blood sampling and a maximum isometric torque test. Then they had to give as all the

questionnaires and that was the end of the study for each participant.
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Table 2. Brief description of study design

Dayl Day2 Day3 Day4 Day5
Consent form o
Health questionnaire
Exercise protocol [
Maximum isometric torque test o0 [
Blood sampling L [
Sf36 questionnaire ® ®
Weekly sleep diary [ [
Levels of sleepiness questionnaire ® ®
Sleep quality indices questionnaire o
Daily diary of sleep L o [ [ o
Daily RLS questionnaire | [ [ [ o
Pain questionnaire L o [ [ o
Fatigue questionnaire [ [
Neuromuscular activity during o ® o o

sleep study

Abbreviations: RLS, Restless Leg Syndrome.
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Exercise Protocol

The exercise protocol was consisted by three hours of continuous walking on a treadmill with
a low speed of 5 km/h with zero incline. This speed was applied while there is evidence that
is the mean speed of human walking (Hoxie & Rubenstein, 1994) and our purpose was to
cause fatigue by applying in the protocol a normal daily activity with an extreme duration.
Before starting the exercise protocol, participants had to warm up for 5 minutes. At the first
15 minutes of the protocol heart rate was recorded every 5 minutes using heart rate
monitoring (polar) and for the next 2 hours and 45 minutes, heart rate was recorded every 15

minutes.

Picture 2. Treadmill (mohamedshahin.com)

During the protocol, participants were able to watch television or films, or to listen to music
in order to spend their time more pleasantly. At the end of the 3 hour exercise, participants

had to cool down for 5 minutes.
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Maximal isometric torque test

This test was been applied three times as an indicator of muscle fatigue on an isokinetic
dynamometer (Cybex Norm Lumex, Ronkonkoma, NY, USA). For the first time the test took
place before the start of the exercise protocol and then at the end of the exercise protocol. It
was also been applied 72 hours after the 3 hour walking on the treadmill. The test was been

consisted of 1 set of five maximum leg extensions and flexions for each leg.

Picture 3. Cybex (Biomechanics Lab-DPESS)
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Biochemical blood test

Routine biochemical blood test including C - Reactive Protein (CRP), Urea, Creatinine (Cr),
Albumin (ALB), Creatine Phosphokinase (CPK), Total Cholesterol, Triglycerides (TG), High
Density Lipoprotein (HDL), Low Density Lipoprotein (LDL), Iron (Fe) and Ferritin (FER)
took place in the second day (before the exercise protocol) and in the fifth day of the study.
The blood sampling was done by qualified personnel and the quantity of the blood sample
which was taken from each participant was 10 ml in the second and 10 ml in the fifth day of

the study.

Picture 4. Blood Samples (topnews.in)

Questionnaires

Participants were asked to fill in the following standardized and validated questionnaires:

Health questionnaire, SF36 Quality of Life questionnaire (Kalantar-Zadeh, Kopple, Block, &
Humphreys, 2001), Weekly Sleep Questionnaire (Sakkas et al., 2008), Epworth sleepiness

scale (Johns, 1991), Pittsburgh sleep quality questionnaire (Mystakidou et al., 2007), Daily
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sleep diary, RLS diagnostic criteria questionnaire (Allen et al., 2003), McGill pain

questionnaire (Melzack, 1975) and Fatigue Severity Scale questionnaire (Kotcopov Z., 2007)

Picture 5. Questionnaires (phillj.wordpress.com)

Day 1

Health questionnaire, SF36 Quality of Life questionnaire, Weekly Sleep Questionnaire,
Epworth sleepiness scale, Pittsburgh sleep quality questionnaire, Daily diary of sleep, RLS
diagnostic criteria questionnaire, McGill pain questionnaire, Fatigue Severity Scale

guestionnaire.

Day 2, day 3, day 4

Daily diary of sleep, RLS diagnostic criteria questionnaire, McGill pain questionnaire,

Day 5

SF36 Quality of Life questionnaire, Weekly Sleep Questionnaire, Epworth sleepiness scale,
Pittsburgh sleep quality questionnaire, Daily diary of sleep, RLS diagnostic criteria

questionnaire, McGill pain questionnaire and Fatigue Severity Scale questionnaire.

Picture 6. SF-36 Measurement Model (sf-36.0rg)

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 19:49:19 EEST - 18.188.134.251



39

Neuromuscular activity during sleep

Neuromuscular activity during sleep was been recorded by an actigraphy system
(Somnowatch-Northmed) on the first 4 nights of the study. Somnowatch is similar to a watch
but it is applied on the ankle. Three pads are placed along the anterior tibialis muscle and
three electrodes are applied on them. A cable connects the electrodes with the device which is
worn to the opposite leg. Somnowatch records the movements of tibialis anterior muscle and
the duration of the movements. In addition, it recognizes the body position (by 3D
accelerometer) and the appearance of light or dark (by photo sensor). The use of the device is
noninvasive, bloodless and it doesn’t affect the sleep quality of the participant. In order to

make it easier for our participants, every night we met them at their home to give them the
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device. Data were been transshipped every day and were analyzed in Northmed’s specific

software.

Picture 7. SomnoWatch (s-med.co.uk)

Statistics

The baseline characteristics between males and females as well as between fit and unfit were
compared using an unpaired t-test. The changes from baseline to day 2, 3, 4 and 5 were
evaluated using General Linear Model Repeated Measures while chi-square was used for
categorical variables. Finally, Spearman rank correlation test was used to assess the relation
between the examined variables. All statistical analyses were performed using the SPSS
version 15.0 (SPSS Inc. Chicago, Illinois). Data in the text are presented as mean = SD and

the level for statistical significance was set at P<0.05.

Results

All data and results about the changes in the study’s variables between the 5 days of the study

are being presented. In some cases, differences between males and females and between fit
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and unfit participants are also being presented while there were some significant differences
between the genders and between participants with different fitness status. Furthermore, the

Heart rate of our participants during exercise protocol is also being presented.

Heart rate during exercise protocol

The progress of HR during exercise protocol is presented in figure 1. In addition, in table 3
are presented the average and the differences in HR of participants at rest, during protocol
and at the end of the protocol. There were found significant differences between resting HR
and HR during protocol (p=0,000) and between resting HR and HR at the end of the protocol

(p=0,000). (Table 3a and Table 3b respectively)

120,0 -

110,0 -

100,0 -
== HR All
=== HR Fit

90,0 - .
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== HR Males

80,0 1 =®=—HR Females

70,0 -
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Figurel. Progress of HR during the exercise protocol.

HR was increased gradually during the protocol.
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Table 3. Heart rate at rest, during exercise and at the end of the protocol

HR rest HR during exercise HR at the end of p values
exercise
73,8+24 99,6 £2,3 101,1 +2,8 0,000

All data are mean + SD. Abbreviations: HR, Heart Rate

There were observed significant changes between resting HR, HR during exercise protocol

and HR at the end of the exercise protocol.

Table 3a. Differences between resting HR and HR during exercise

HR rest HR during p values

73,8 £2,4 99,6 + 2,3 0,000

HR during protocol was significantly higher compared to resting HR (p=0,000).

Table 3b. Differences between resting HR and HR at the end of the protocol

HR rest HR at the p values
end of
exercise
73,8 £2,4 101,1 £2,8 0,000

HR at the end of exercise was significantly higher compared to resting HR (p=0,000).
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Maximum isometric torque test

There was no any significant change between the three measurements (one measurement
before the exercise protocol, one measurement after the protocol and a measurement 72 hours
after the protocol) of maximum isometric torque of our participants. (Table 4) However, it
was obvious that total score of maximum isometric torque was significantly greater in males
than in females. (Table 4a) Thus, in table 4b and table 4c the data of maximum isometric
torque of males and females are respectively being presented. However, there was no any
significant difference between the measurements of maximum isometric torque in males

(Table 4b) neither in females (Table 4c).
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Table 4. Maximum isometric torque measurements before and after the exercise protocol and

after 72 hours

Variables Day 2 Day 2 Day 5 p values
pre exercise post exercise 72 hours post
exercise
RE (N) 284,9 +253,5 283,4 £ 2554 274,1 £250,9 0,989
RF (N) 174,2 + 158,1 176,6 + 156,4 189,5 + 179,0 0,949
LE (N) 277,2 £243,8 258,3 +£209,7 278,9 +238.,8 0,951
LF (N) 181,6 = 161,5 175,9 + 156,5 197,2 + 174,3 0,912

All data are mean = SD. Abbreviations: RE, maximum right extension; RF, maximum right

flexion; LE, maximum left extension; LF, maximum left flexion.

There was not observed any significant change between the three measurements of maximum

isometric torque.

Table 4a. Differences in maximum isometric torque between males and females

Variables Males Females p values
RE (N) 354,6 +295,0 18241154 0,006
RF (N) 2273 +195,7 117,2 + 63,4 0,007
LE (N) 343,1 +269,3 172,0 = 84,0 0,003
LF (N) 229.9 + 1934 122,2 + 65,9 0,008

All data are mean + SD. Abbreviations: RE, maximum right extension; RF, maximum right

flexion; LE, maximum left extension; LF, maximum left flexion.
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The differences between males and females in total maximum isometric force were
statistically significant. Maximum right extension was significantly greater in males
compared to females (p=0,006) similarly to maximum right flexion which was also
significantly greater (p=0,007). In addition, maximum left extension was significantly greater
in males compared to females (p=0,003) and maximum left flexion greater too (p=0,008).

(Table 4a)
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Males

Table 4b. Differences in maximum isometric force of males between measurements data

Variables Day 2 Day 2 Day 5 p values
pre exercise post exercise 72 hours post
exercise
RE (N) 355,8 £300,3 358,7 +306,3 349,3 +£304.,9 0,997
RF (N) 217,9 £ 194,6 225,0 +£189,3 239,0+218,9 0,967
LE (N) 353,4+294.,5 330,0 +249.,6 346,0 + 285,1 0,978
LF (N) 227,9+196,4 222.,0+191,4 240,0 + 208,9 0,976

All data are mean = SD. Abbreviations: RE, maximum right extension; RF, maximum right

flexion; LE, maximum left extension; LF, maximum left flexion.

No significant differences were observed in males between the three measurements of

maximum isometric force.
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Females

Table 4c. Differences in maximum isometric force of females between measurements data

Variables Day 2 Day 2 Day 5 p values
pre exercise post exercise 72 hours post
exercise
RE (N) 190,4 + 138,0 183,0 £ 119,5 173,8 £99,0 0,957
RF (N) 115,9 £ 60,8 112,1 + 60,3 123,6 £ 75,3 0,932
LE (N) 175,7 + 95,0 162,8 + 79,1 178,1 + 87,6 0,925
LF (N) 119,9 £ 68,0 114,4 £ 58,3 133,4+78,2 0,844

All data are mean = SD. Abbreviations: RE, maximum right extension; RF, maximum right

flexion; LE, maximum left extension; LF, maximum left flexion.

No significant differences were observed in females between the three measurements of

maximum isometric force.
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Differences between pre and post exercise protocol in total power of all participants

Total power of all participants after protocol was lower compared to total power before

exercise protocol but the difference was not significant (p=0,078) (Shape 1).

Total Power Overall
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Shape 1. Total power of all participants before and after exercise protocol

Total power of all participants was reduced after the exercise protocol (p=0,078).
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Differences between pre and post exercise protocol in total power of males and females

Total power of males (Shape 2a) and females (Shape 2b) was reduced after the exercise

protocol but not significantly (p=0,302 and p=0,155 respectively).
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Shape 2a. Total power of males before and after exercise protocol

Total power of males was reduced after the exercise protocol (p=0,302).
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Shape 2b. Total power of females before and after exercise protocol

Total power of females was reduced after the exercise protocol (p=0,155).
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Differences between pre and post exercise protocol in total power of fit and unfit

participants

Total power of fit (Shape 3a) and unfit participants (Shape 3b) was reduced after the exercise

protocol but not significantly (p=0,069 and p=0,495 respectively).

Total Power of Fit
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150 -

Newton
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Shape 3a. Total power of fit participants before and after exercise protocol

Total power of fit participants was reduced after the exercise protocol (p=0,069).

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 19:49:19 EEST - 18.188.134.251



Total Power of Unfit

400 -
350 -
300 -
250 -
200 -
150 -
100 -
50 A

Newton

M Power

Pre Post
Pre & Post Protocol

Shape 3b. Total power of unfit participants before and after exercise protocol

Total power of unfit participants was reduced after the exercise protocol (p=0,495).
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Biochemical blood test

There were not observed any differences in biochemical blood test results between the second

day of the study (pre exercise protocol) and 72 hours after the exercise protocol. (Table 5)

However, it was observed a significant difference between fit and unfit participants in UREA

levels but only for day 5 (72 hours after the exercise protocol) (p=0,044). (Table 5a)

Table 5. Biochemical blood test data and normal ranges

Variables Day 2 Day 5 p values Normal
Ranges
CRP (mg/L) 0,4+0,3 0,5+0,2 0,608 <10
Urea 26,2 7,0 25,7 +5.4 0,836 10-50
(mg/dl)
Cr (mg/dI) 0,8+0,1 0,8+0,1 0,611 0,8-1,2
ALB (g/dI) 3.5+0,5 33+0,7 0,405 3,4-5,5
CPK (1U/L) 107,9 + 179,5 88,5 + 100,9 0,731 <173
Total 124,1 £ 24,6 111,7£29,2 0,226 <250
CHO(mg/dl)
TG (mg/dl) 75,4 + 24,0 59,9 + 24,2 0,094 <150
HDL 37,9+ 10,8 37,0+ 12,0 0,827 45-65
(mg/dl)
LDL 70,9 = 17,1 62,7+ 17,6 0,213 <160
(mg/dl)
HDL/LDL 0,55+0,18 0,61 £0,19 0,437 >0,3
(mg/dlI)
Total 3,48+ 1,0 3,12 £0,55 0,281 <5
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CHO/HDL
ratio (mg/dl)
Fe (ug/dI) 61,9 + 30,4 79,0 + 26,6 0,123 37-145

FER (ng/dl) 66,1 37,8 60,7 + 30,5 0,679 9-120

All data are mean + SD. Abbreviations: CRP, C - Reactive Protein; Cr, Creatinine; ALB,
Albumin; CPK, Creatine Phosphokinase; CHO, Cholesterol; TG, Triglycerides; HDL, High
Density Lipoprotein; LDL, Low Density Lipoprotein; Fe, Iron and FER, Ferritin.

There was not observed any change in biochemical blood test results between day 2 and day

5.

Table 5a. Differences in UREA levels between fit and unfit participants

Urea Fit Unfit p values

Day 5 28,0 +5,5 22,0+2,6 0,044

All data are mean + SD. Abbreviations: Fit, 3 or more days per week of physical activity.

Urea levels of day 5 were significantly greater in fit participants compared to unfit

participants (p=0,044).
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No changes were observed in quality of life parameters of SF36 questionnaire between day 1

and day 5. (Table 6)

Table 6. SF36 quality of life data

SF36 Day 1 Day 5 p values
Physical Function 97,4 £6,8 96,3 +7,6 0,618
Role Physical 88,1 £28,1 83,8 £33,7 0,656
Body Pain 78,2 +27.9 73,0 £22,7 0,515
General Health 72,2 + 18,7 73,7+ 17,4 0,797
Vitality 72,6 £15,9 68,3 + 15,8 0,383
Social Functioning 85,2+ 16,6 85,1 £ 18,3 0,990
Role Emotional 74,6 +37.9 75,0 £41,7 0,976
Mental Health 73,3+ 17,4 68,6 £17.9 0,395
Physical Health 81,7+ 14,4 78,9 £12.3 0,515
Mental Health 75,6 £ 15,0 74,1 £ 15,9 0,754
Total Score 80,3 + 14,1 77,9 £ 14,4 0,600

All data are mean + SD. Abbreviations: Physical function, Role Physical, Body Pain and
General Health refer to the PHYSICAL HEALTH component summary; Vitality, Social
Functioning, Role Emotional and Mental Health refer to the MENTAL HEALTH component

summary.
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b. Sleep Quality
No changes were observed in sleep quality assessed by Weekly Sleep Diary and Epworth

Sleepiness Scale (ESS) between day 1 and day 5. The Pittsburgh sleep quality questionnaire

was asked only the first day of the study. (Table 7)

Table 7. Sleep quality data

Questionnaires Day 1 Day 5 p values
Sleep Diary 5,0+£3,6 6,0 +3,6 0,408
ESS 6,7 +3,7 52+35 0,187
Pittsburgh 7.4+5,5 - -

All data are mean £ SD. Abbreviations: Sleep Diary, Weekly Sleep Diary; ESS, Epworth

Sleepiness Scale; Pittsburgh, Pittsburgh sleep quality questionnaire.

No changes were observed in sleep quality between day 1 and day 5.
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c. Body pain
Differences in pain score and EPP were observed between days

The score of pain and EPP was changed significantly between the 5 days of the participation
(p=0,004 and p=0,003 respectively). (Table 8) More specifically, in the score of body pain
there was found significant difference between day 1 and day 2 (p=0,047) and between day 2
and day 5 (p=0,029). (Table 8a) Furthermore, EPP showed a significant difference between

day 1 and day 2 (p=0,021) and between day 2 and day 5 (p=0,005). (Table 8b)

Table 8. Body pain data

Day 1 Day 2 Day 3 Day 4 Day 5 p values

PAIN
Pain  0,8+1,8 35+36  3,1+45 1,4+2,0 07+12  0,004#
EPP  04+08 1,109  09+09 0,6+ 0,6 03+0,6  0,003#
Pain Line 0,8+0,2 02+02  0,2+0,2 0,1 +0,1 0,1+0,1 0,072

(cm)

All data are mean + SD. Abbreviations: PAIN, McGill pain questionnaire; Pain, EPP, Pain

line are the three parameters of the questionnaire. # refer to Table 8a
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Table 8a. Differences in pain score between days

Pairs of days p values
Day 1 - Day 2 0,047
Dayl - Day 3 0,158
Day 1 - Day 4 1,000
Day 1 - Day 5 1,000
Day 2 - Day 3 1,000
Day 2 - Day 4 0,240
Day 2 - Day 5 0,029
Day 3 - Day 4 0,664
Day 3 - Day 5 0,102
Day 4 - Day 5 1,000

There were found significant differences in body pain between day 1- day 2 and between day

2 and day 5.
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Pain Progress
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Figure 2. The progress of pain score

In day 2 there was a significant increase in pain score compared to day 1 (p=0,047) and in

day 5 there was a significant reduction in pain score compared to day 2 (p=0,029)

Table 8b. Differences in EPP between days

Pairs of days p values
Day 1 - Day 2 0,021
Dayl - Day 3 0,379
Day 1 - Day 4 1,000
Day 1 - Day 5 1,000
Day 2 - Day 3 1,000
Day 2 - Day 4 0,227
Day 2 - Day 5 0,005
Day 3 - Day 4 1,000
Day 3 - Day 5 0,132
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Day 4 - Day 5 1,000

There were found significant differences in body pain between day 1- day 2 and between day

2 and day 5.

EPP Progress

0,4 i e=mm EPP

Figure 3. The progress of EPP

In day 2 there was a significant increase in EPP compared to day 1 (p=0,021) and in day 5

there was a significant reduction in EPP compared to day 2 (p=0,005).
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Differences in pain score, in EPP and in pain line between males and females were also

observed

There were also observed significant differences in pain score, in EPP and in pain line caused
by the different gender. All the parameters of pain questionnaire were significantly greater in

females compared to males.

Table 8c. Differences in pain score between males and females

PAIN Males Females p values
Day 1 0,09 £0,3 1,724 0,048
Day 2 1,6+2.4 57+3,8 0,010
Day 3 0,9+1,6 5,7+5,5 0,014
Day 4 0,7+1,8 2,1+2,0 0,117
Day 5 0,3+0,9 1,1£14 0,117

All data are mean £+ SD.

Pain score was significantly greater in females compared to males for day 1 (p=0,048), day 2

(p=0,010) and day 3 (p=0,014). (Table 8c)
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Table 8d. Differences in EPP between males and females

EPP Males Females p values
Day1l 0,09 £0,3 0,67+1,1 0,117
Day 2 0,7+0,8 1,6 £0,7 0,026
Day 3 0,4+0,5 1,4+0,9 0,003
Day 4 0,3+0,5 1,0+£0,5 0,006
Day 5 0,09 £0,3 0,4+0,7 0,158

EPP was significantly greater in females compared to males for day 2 (p=0,026), day 3

(p=0,003) and day 4 (p=0,006). (Table 8d)

Table 8e. Differences in pain line between males and females

PAIN LINE Males Females p values
Dayl 0,01 £0,03 0,17 £ 0,27 0,068
Day 2 0,12 +0,15 0,25+0,12 0,051
Day 3 0,07 £0,13 0,27 £ 0,19 0,016
Day 4 0,04 + 0,09 0,19 +0,17 0,023
Day 5 0,01 0,04 0,09 +0,14 0,080

All data are mean + SD.

Pain line was significantly greater in females compared to males for day 3 (p=0,016) and day

4 (p=0,023). (Table 8e)
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Differences in EPP were also observed between fit and unfit participants. EPP was

significantly greater in fit participants.

Table 8f. Differences in EPP between fit and unfit participants

EPP Fit uUnfit p values
Day1l 0,4+0,7 0,3+1,0 0,937
Day? 1,5+0,7 0,7+0,9 0,036
Day3 1,2+1,0 0,4+0,5 0,058
Day4 0,8+ 0,6 0,3+0,5 0,040
Day5 0,3+0,6 0,2 +0,4 0,844

Fit, 3 or more days per week of physical activity.

All
data
are
mea

n+

Abb
revi
atio

ns:

EPP was significantly greater in fit compared to unfit participants for day 2 (p=0,036) and 4

(p=0,040). (Table 8f)

d. Fatigue

There was no any difference between day 1 and day 5 in fatigue score (Table 9). However,

there was observed a significant difference in day 1 and day 5 only between fit and unfit

participants (p=0,028). (Table 9a)
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Table 9. Fatigue data

Day 1 Day 5 p values

Fatigue 32+1,2 32+1,0 0,992

All data are mean = SD. Abbreviations: FATIGUE, Fatigue Severity Scale questionnaire

score.

No changes were observed in fatigue score between day 1 and day 5.

Table 9a. Differences in fatigue score between fit and unfit participants

Total Fit uUnfit p values
Fatigue
Day 1, Day5 2,8+1,0 3,6£1,1 0,028

All data are mean = SD. Abbreviations: Fit, 3 or more days per week of physical activity.

In day 1 and day 5, fatigue score was significantly greater in unfit participants compared to fit

participants.

e. RLS diagnostic criteria questionnaire

The RLS diagnostic criteria questionnaire was negative for all participants.

Sleep neuromuscular activity and duration

There were no any significant differences between the four nights that neuromuscular activity
during sleep was been recorded (Table 10). However, there was observed a significant
difference in PLMS duration between day 1 and day 4 but only between fit and unfit

participants (p=0,038). (Table 10a)
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Day 1 Day 2 Day 3 Day 4 p values
TIB (in 423,1+74,8 456,6 £+659 4273+704 441,1 £91,2 0,479
minutes)
ILMS 75,0 £ 39,7 87,7+ 34,7 84,6 £ 32,4 88,3 44,2 0,649
ILMS index 10,6 = 5,1 11,5+ 4,1 11,8 +42 11,7+ 4,38 0,833
(per hour)
PLMS 149+ 123 17,4 £ 12,8 20,9 + 26,1 14,7+ 11,8 0,694
PLMS index 2,0+ 1,4 2,3+1,7 3,1+43 1,9+ 1,7 0,553
(per hour)
PLMS power 22,8 +3,5 21,9+2,0 23,7+3,5 21,7+34 0,262
(dB)
PLMS 70,4 £ 43,5 52,1+21,5 62,8 + 24,7 55,5+ 28,1 0,332
amplitude
(dB*s)
PLMS duration 2,9+ 1,6 2,3+0,9 2,5+0,9 2,4+1,0 0,480
(s)
Position 15,8 £ 8.2 18,4+92 21,1+9,7 19,6 +11,4 0,354
changes
Position 2,2+1,0 2,4+1,0 29+14 2,6+14 0,280

changes index

(per hour)

All data are mean + SD. Abbreviations: TIB, Time In Bed; ILMS, Isolated Limb Movements

in Sleep; PLMS, Periodic Limb Movements in Sleep.
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No changes were observed in neuromuscular activity during sleep neither in sleep duration

between days.
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Table 10a. Differences in PLMS duration between fit and unfit participants

PLMS duration Fit unfit p values

Day 1 - Day 4 2,8+ 1,3 2,2+09 0,038

All data are mean £ SD. Abbreviations: PLMS, Periodic Limb Movements in Sleep; Fit, 3 or
more days per week of physical activity.

PLMS duration was significantly greater in fit compared to unfit participants.
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Discussion

According to our findings a 3-hour single bout mild intensity exercise doesn’t affect
neuromuscular activity during sleep in healthy volunteers. The exercise protocol was able to
cause exhaustion and to increase levels of shelf reported pain especially the night after the
exercise protocol without inducing muscle fatigue or muscle damage to the healthy

volunteers, simulating successfully the conditions of a “very long day”.

This is the first study to examine whether a 3-hour of mild intensity and long duration
walking on treadmill, could affect neuromuscular activity during sleep. So far studies have
investigated the effect of working in shifts in sleep quality and the effect of exercise training

in patients with sleep disorders.

Patients who suffer from movement disorders such as RLS or PLMS have reported that
intense muscle work or “a very long day” increases the neuromuscular activity during sleep

and worsen their sleep quality.

In our study, we used an exercise protocol in order to cause fatigue simulating the sensation
of a very long day. The average of HR during the 3-hour bout of exercise was 100 beats per
minute (50% of HRmax), very similar the HR recorded on other various daily activities
taking place during the day (housekeeping activities 95 beats per minute) (Grieve, 1972). As
a result of our protocol, the self-reported pain score was significantly increased the day after
the test (Day 2, P=0,047 vs Day 1) and return to the baseline levels after 72 hours (Day 3,

P=0.988 vs Day 1).

Even though, this exercise protocol caused an increase in HR and in pain scores, did not
induced any muscle fatigue nor muscle damage, since such changes would have affected
performance (maximal isometric torque) and biochemical indices. Our protocol was strong

enough to create a sensation of muscle soreness but this feeling lasted less than 72hour
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implying that a delayed onset of muscle soreness (DOMS) was avoided (Howatson & Milak,

2009).

In addition, the maximal isometric torque was reduced only by 2,6% (p=0,078) after the
exercise protocol applied in contrast to other fatigue protocols used in the literature where the
maximal isometric torque could fall up to 65% (Hassanlouei, Arendt-Nielsen, Kersting, &
Falla, 2012). No differences were found in maximal isometric torque between baseline and
72hour verifying our previous assumption that this particular exercise protocol did not induce
any muscle damage (Paschalis et al., 2007). On the same line, no differences in any of the
biochemical indices of muscle damage were found between baseline and the 72 hours after

the protocol time point.

The sensation of muscle fatigue induced by our protocol is possibly due to glycogen
depletion of the slow twitch fibers which are most activated during low intensity exercise
while the fast twitch fibers that mainly used during the maximal contraction remain almost
intact (Gollnick, Piehl, & Saltin, 1974). This is our explanation why subjects fatigued after 3

hours of walking but did not lose their maximal strength.

In addition, fat was probably the main energy substrate of our participants during the exercise
protocol since it is well known that long duration exercise causes increased fat oxidation
(Phillips et al., 1996). There is also evidence that increased levels of plasma fatty acids (due
to the increased fat oxidation) leads to increased plasma concentrations of tryptophan causing
increase of the 5-hydroxytryptamine (serotonin) brain level (Newsholme, Blomstrand, &
Ekblom, 1992). It is well known that serotonin levels play an important role in the presence
of mental fatigue and sleepiness in humans (Huffman, Altena, Mawhinney, & Thomas, 2004;
Newsholme, et al., 1992). It is possible therefore, that our exercise protocol could have

increased serotonin levels inducing mental fatigue and sleepiness, something that was
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evidenced by the sleep duration of our participants where increased (not significantly) by

about 7,4% the night of the protocol (Day 2).

Based on our findings, this kind of fatigue didn’t cause any significant changes in
neuromuscular activity during sleep even though the Isolated Leg Movements (ILMS),
Periodic Leg Movements (PLMS) and Position Changes indices during sleep were increased
by 10-15% (P>0.05) after the exercise protocol and remained increased for the 3 consecutive

nights.

Since healthy volunteers are prone to neuromuscular changes during sleep after a “very long
day” it is reasonable to assume that in patients with RLS or PLMS, the same exercise
protocol could lead to a larger increase in neuromuscular activity during sleep and therefore
this restlessness is able to affect sleep duration and quality. However, this assumption

remains to be seen with further experiments.

In this study, all participants were healthy young adults, with normal BMI, normal fatigue
and pain scores and normal Quality of Life Scores. In addition, all participants reported

neither sleep problems nor daytime restlessness with no abnormal biochemical indices.

In the current study, there are many limitations that need to be acknowledged. In the current
study, the biochemical blood test took place only before the exercise protocol and 72 hours
after the protocol missing thus the acute and gradual changes in inflammatory indices related
to muscle fatigue and damage. In addition, mental fatigue was not assessed nor during
exercise neither post exercise to see whether the exercise protocol induced mental fatigue. In
addition during the exercise protocol, the level of substrate utilized was not assessed to verify
our serotonin hypothesis. Finally, the restlessness during sleep and the quality and quantity of
sleep was not assessed by a full night Polysomnography which considered the gold standard

technique.
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This is the first study to show that a mild intensity long duration exercise protocol that
simulates the sensation of a “very long day”, doesn’t affect neuromuscular activity during
sleep in healthy volunteers nor induce any muscle damage or fatigue. Even though the indices
of neuromuscular activity during sleep did change, the difference were not statistical
significant in healthy individuals. It remains to be seen whether a similar protocol will affect
restlessness in patients with movement disorders like RLS and PLMS and whether an

exercise training program will improve their restlessness during sleep overall.
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Conclusions

Even though, it is well known that exercise is beneficial for patients who suffer from
restlessness during sleep, patients have reported that intense muscle work or “a very long
day”, increases neuromuscular activity during sleep and worsens their sleep quality. Thus, in
our study the main purpose was to cause fatigue by a way that it could happen in daily life
and then to observe whether fatigue could affect neuromuscular activity during sleep. Our
findings showed that after this particular exercise protocol, there were not any significant
changes in muscle fatigue indices, while shelf reported pain and exhaustion score was
increased significantly as it could happened in real life conditions. According to our results,
this kind of fatigue doesn’t induce intense restlessness during sleep in healthy individuals;
however it remains unknown whether our results are applicable in clinical population with

RLS and PLMS disorders.

Future studies need to clarify whether a “very long day” in patients with movement disorders

could induce restlessness during sleep and how this sensation could be avoided.
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Appendix 2: Consent Form
‘EvTuno ouvaiveong dokipalOUEVOU OF EPEUVNTIKI EpyaAcia

TiTAog: H enidpaon Tng acknaioyevoUg Puikng BAABNG aTnv NePIODIKN Kivnon Twv KATW AKPWV KATd TV
dldpkela Tou Unvou.
YneUOuvor EpeuvnTég: MnTpou [ewpyia, En. KaBnyntpia Kapatlagepn XpioTiva, Kadnynng
KouTevTtakng Imavvng, Av. KabnynTtng Ztepavidng Iwavvng, £pEUvNTNG ZaKKAC MEwpyIoG.
1. Zkonodg TNG EPEUVNTIKIAG EPyaAciag
H peAétn éxel oTOxo va Olepeuvnoel katd ndco n MUiK KAKWON OUMBAAAEI OTNV  €UQAvion
OUMNTWHATWV MOU i0WG OXETICOVTAI JE TO OUVOPOHO NEPIODIKNG Kivnang nodIiwv.
2. Aladikaoia HETPHOEWV
Oa xpelaoTei
> Na anavtroeTe 0Ta EpWTNHATOAOYIA NOU akoAouBoUv.
» Na ouppeTdoxete otn diadikacia PETpnong Tou UWoug Kal Tou Bapoug odg,.
» Na ekTeAéoeTe e Tuxaia emAoyn TNV dokipaacia acknong oTo danedospYOUETPO K OTO IGOKIVNTIKO
OUVAUOMETPO.
» Na dwoeTe deiypa aipaTog yia Bloxnuikn avaiuaon (npiv Tnv Aoknon Kai 72 )peg KETA).
> Na anéxete ano nponovnon f aAAn owuaTikn dpacTtneIoTnTa I XelpIopo (nX pacdal) nou Pnopei
va aMoIWOEl Ta anoTEAETUATA TNG HEAETNG.
» Na pnv napeTe Nauacinovo r avTiIPAEYHOVMOEC Kal G VIWOETE «MIACIPO» YETA TNV AOKNON.
» Na akoAouBnroeTe yia 4 Bpadia To idlo Npdypappa KaTakAIoNG Kal va KoIUnBeiTe yia TOuAdxioTov
7 WPEG KAbe Bpddu.
3. Kivduvol kai evOXANoEIg
Aev unapyouv kivduvol yia Tnv uyeia oag agoU ol péBodol GUANOYNG Twv oToIxEiwv gival apAaBeic.
Ynapyel nepinTwon yia PIKpd «pehaviaopa» Aoyw Tng dsiydaToAnwiag aipatoc. ©a VIWOETE «nIAcido»
kal konwaon Aoyw Tng diadikaciag doknong Mnv ndpeTe naucinovo ) avTipAeydovwdeg yiati Ba
£NNPEACTEl apvnTIKA N €KBACN TNG HEAETNG.
4. TPOCOOKMHUEVEG WPEAEIEG
To olvdpopo nepiodikng Kivnang nodiwv dev €xel akdpa npoadiopiopévn aimioAoyia kai n oUPBOAN TG
aoknong otnv eugavion n kar emdesivwon Tou ouvdpdyou dev eival yvwoTn. Ta eupnparta and Tnv
gpyacia Ba oag dwoouv Tnv duvaTtoTnTd va WPABeTe NG €ival n noidTnTa Tou UMvou 0ag Kal vd
KaTaAGBETE €Av N WUikn KAKwon ennpedlel Tnv noloTNTa Tou. Eniong 8a cupBAMeTe oTnv npoaywyn
NG yvwong kal 8a BondNROETE £T01 TOUG oUVAVBP®MNOUG 0A¢ NMou NACXOUV anod VEUPOAOYIKA oUvOpoud
(ny oUvdpopo nePIodIKRG Kivnang nodiwv f gUVOPOHO aviiouxwv nodiwv).
5. Anpogigsuon SeS0UEVWV — ANOTEAECUATOV
H oupldeTOX 0AC OTNV €PEUVA GUVENAYETAI OTI CUPQWVEITE PE T dNMOCIEUON TwV OEDOUEVWV KAl TV
anoTeEAECHATWY TNG, ME TNV Npolnddeon OTI ol NAnpoopicg Ba sival avwvupeg kal e Ba anokaAupBouv
Ta OVOUATA TWV CUMMETEXOVTWYV. Ta dedouéva nou Ba cuykevTpwBolv Ba kwdikonoindouv We apiBuo,
WOTE To Ovoua aag Og Ba epgavileral noubeva.
6. MAnpogopicg
Mn JI0TACETE va KAVETE €PWTNOEIC YUPW ano To OKOMO, TOV TPOMO NpaydaTonoinong Tne £pyaciac r Tov
unoAoyIopd TNG MoIOTNTAG Tou Unvou oac. Av £XETE KAMOIEC aU@IBONEC 1 epwTnaoelg, {NTHOTE Wag va
0a¢ dWOOoUPE NPOCOETEG €ENYNTEIG.
7. EAeuOgpia ouvaiveong
H adeia 0ag va CUMPETAOXETE OTNnV epyacia sival eBehovTikn. EioTe eAelBepoc-n va Unv ouvaIvéoeTe N
va JIaKOWETE Tn CUUHETOXN 0aC ONOTE ENIBUMEITE.
-AidBaoca 1o Eviuno auto Kal kKaravow TIC OIGOIKAOIEC 10U 8a EKTEAEOW. SUVaIva) va OUULETEXW OTNV
gpyaoia.

Huepopnvia: __/__/__

OvopaTeEN®VURO Kal  unoypaon Yrnoypa®n peuvnTr
OUMMETEXOVTOG

OvopaTenwvupo Kai
unoypagr napatnpnT
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Appendix 3: General Health Questionnaire

Huepopnvia

I.D.

Yopntopotoroyia Hpepopnvia
( Elxeg mpoooparta;)

[T6vo oto o1fog ()

Aoybviacpa ()

AicOnon Tolpmv ()

Bnya otv e€dvtinon ()

Awyomtoon ()

[T6vo otn péon ()

[Tpn&o, dvokapyio
Vo oTIC apBpdGELg ()

Evnvag to Ppddv Yo TovaréTa, ()

HMapayovres emKivouvoTnTOg

Kanviepo Nt Ox
KomviCew; () ()
Towydpa () () Tlooa; [T6ca ypdvio,;
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[Tovpa () () Mooa; [T6ca ypdvio,

[ino () () Tldoeg popéc ™ uépa,; [Moéca ypovia;
[Tocwv etV oovy 0tav Eekivnoeg;

e mEPIMTOON TOV CTAUATNOES, TOTE;

Tt

Alovta

[1660 elvar to Tpéyxmv Bdpog cov;
1 xpovo mpiv;

2ta 21 oov;

Kéveg dlorta;

TNt

1. Aocxknon

ZOUUETENELS OE OPOUCTNPLOTNTES AVOWVYNG;
€ MOLEG;
[1660 cuyvd;
[T6on andotaom vouilelg 6T mepratds Kabe pépas;
H epyooia cov givor:  Kabotkn ()
Adpaviig ()
Apactipo. ()
Bapia ()

"Eyelg ducpopia, Aaydviaoio ] TOVo o€ VTOUEYIGTY ACKNON;
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Appendix 4: SF-36 Quality of Life Questionnaire

SF-36 EPEYNA [IOIOTHTAZ ZQHX

OAHT'IEE: To £p@TnNuAToAdOY L0 auTd {NT& T1C dLKEQ oug amdPe LG VIa TNV uye la oxg. Ol mAnpogopliec
oac Ba poc PBonbrcouv va e€faxkplPOooupe NOC alob&veoTe omd mMAsUP&G Uveloag kol 1mdOHCO KA
unopeite v aoxoAnbe {te pe 11¢ ouvnbLopéveg dpaotnEeLtdTNITEC CAC.

AnovIAOTE OT LG €PWTHOE LG, PaBpoAoydvIaG k&Be andvinon pe tov Tpdémo nou cag de {xvouue. Av dev

slote ambAuta RERxLOC/RERLN ViIa TNV am&vInon 00G, MUPUKOAOURE va SOOETE TNV am&VINoI IIOU
vopilete 6Tt talpLdlel XOAUTEQPQ OTNV IEP LIITWOT) OOG.

1. Tevikd, BaAéyate 611 nuyela oag elvat:

EEQLPET LR v

TTOAT KOAL wevvvvvvvrrnrnnnnnnnnnnns

(B&Ate évav KUKAO)

2. 3t oUykplon pe éva xpdvo mpLv, OG Oa of LoAOYOUOoNTE TNV UYE Lo 00¢ THP;

(B&AT e évorv KUKRAO)

TTIOAU KQAUT PN TOPA AT OT L VA XPOVO TIP LY wrvererervreeesanne 1
KATOg KOATUTEPN TOPX oI OT L EVO XPOVO IO LV wrreeerireerernne 2
Heplmou n (O1a OTNG EVO XPOVO TID LV teveeeeeeeereeeeeeeeeeeeeeeeeeens 3
K&nwg xeL1pdtepn 1O ot 6T L VA XPOVO TIP LV wovvvevveeeenn. 4
TIOAU ¥ LpoTepn TOPA XTI OT L £V XPOVO TIP LV wrrreeeeerrrirnnnes 5

3. O
dLépke La pLac ouvndLopévng nuépog.

HOPOKATW TPOTACE LG mePLEXouv dpaoInEeldInTteg mou mLBavhs va k&vete KAT& 1N

H toplv) xat&otoaon tng vyelog ocag, oag neploplilel oe

autég TL¢ dpaoctnpldtnTeg; Eqv val, ndoo;

(xuxAdoTe évov ap LOud o kK&Be ot LP&)
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No, pe No, pe Ooxt, dev pe
nepLopidet nepLopidet nepLopidet
APAXTHPIOTHTEZ
TIoAG Aiyo Ka®dAovu
o. Ze KoupaoTt LkEGQ SpactnpLétnteg, SNwg TO
TPEE LU0, TO OCAKWUA BOP LAV VT LKE LPEVOV,
n oupue Toxn o duvap L k& onndp 1 2 3
B. ZepétpLag évtaong dpactnpLétnteg, ONwg
nuetak {vnon evédg Tpame LoU, TO ONIPOE Lo
BLLOGC NAEKTPLKAC OKOUTING, O IeEP (mTOC
otnv efoxN N 6tTav mallete pakéteq oTNV
mopod fa 1 2 3
y. Otav onkavete N uetoeépete Yovia and 1nv 1 2 3
ayopd
S. OtavavePalvete pepLREQ OKAAEC 1 2 3
€. Otav aveBalivete pla orEAQ 1 2 3
OT. $10 AUY LOPO TOU OOUATOC, OTO YOVAT LOUA 1 1 2 3
ot10 okUY Lo
{. Otavmnepnatdte nepinmou éva XLALdpeTpo 1 2 3
n. Otav mepnatdte PEPLKEG ERATOVIASECQ 1 2 3
pétpa
0. Otav mepnatdte nepinou eratd pétpa 1 2 3
L. Otov x&vete pndvio f 6Tov viUveoTe 1 2 3

4, Tic tedevtaliec 4 eRdouddeg, 0aC MAPOUCLACTNKAY - € {Te 0Tn doUAe L& 0a¢ €l Te o8 RO Lo AAAD
ouvneLopévn xabnuep v oac dpaotneléTNTa - K&mo Lo ond 1o ToPoK&Tw TEORAARATY, eEalTliag
INC KATAOTOONG TNC CWUAT LKAC O0¢ Uye Lag;

(xurAGOTE évorv ap LOR6 o kK&Be ot LP&)

NAI OXIl

o. Meildoate 1o xpdvo r1ou cuvhibwg £o0deUeTe 0T dOUAe L& ) 08 GAANEC 1 2

dpaotnEldINTECQ
B. Emitedéoate Arydtepa ard oo Oa OENATE 1 2
v. Heploploote ta €idn Tng douAe LAC ) 1o € (3N GAAOV SPACTNPLOTAHTOV OUC 1 2
O. AUOKROAEUTHRATE VO eKTeAéCeTE TN DOUAE L& 1) GAAeC dpaoTtneLldTNTEC OUC

(v Lo mopdd e Lynuo, KATARSAXT € peyoAUT £pn TPoondO e LX)

1 2

5 Tic tedevtaleg 4 eBdouddeg, 0oC NOPOUCLACTNKAV - € (1€ 0T douAe L& oag e€l1e 0 R&mo LA &AAN
ouvnO Louévn kabnueplvh dpaoctneldtnta - kKAmola omd Ta ODUPoKATw TpoPBAfuaToa géoltiog
Omo LOUSANOT € oUVA LoBNUAT LKOU TPoBAAPATOC (A.X., €T1€ LB VLHOAT £ pedayXoA o i) &yXog);

(xuxAdoTE évov ap LOud o kK&Be ot Lp&)
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NAI OXI
o. Meildoate 10 Xpdvo ou cuvHOwg £odeUete 0Tn SOUAE LG ) O GANEC 1 2
dpaoTnEeldINTEC
B. Emitedéoate Alydtepa and oo Oa BEAATE 1 2
v. Ké&vate 1n doude L& cag f) Kol &ANeC dpaoTneldINTeg ALYyOT €00 IPOCEKT LKA
am' 6T L oUVABWC
1 2

84

6. Tic tedevtaiec 4 ¢Rdouddeg, o moLo Radud eanpéace n KATAOCTHON TNG CWHAT LKAC Oa¢ uye (ag §
KOO Lt OUVA LOONUAT LKA TPORAAUATY TLC OUVNO LOPEVEG KOLVWVLKEG 0uG dpaoTnELlOTINTEC UE TNV

OLKOYEVE LY, TOUC @LAOUCQ, TOUG YelTOVEG OOG 1) ue SAAEC KO LVOV LKEC OuAdeC;

(BéAte évav KUKAO)

KOOONOU 1eiiitiieiiiiiee ettt e s sitte e sttt ettt e sttt e e s bt e e sabe e e s abee e snaeeenas 1
FEAGX LOTO ttteeairieeasireeeesireesesiseeessiseeessiseeesssseesssaseesssneesssneeessnes 2
£ o o N o TP RSN 3
PLOKE T tertrueearrreeesasireeessreeessibeeesstbeeesssbeeesssbeeesssbeeesssbaeesnbeeeennnes 4
TIGOO TIOAT teteerurieeesureeeesseeeesaseeeesaseesesseeeesaseneesnseeessnseeessassennnenns 5

7. T6oo owpat LkS mOvo vIGooTe T1¢ teAsutaieg 4 eBdouddec;

(B&AT e évorv KUKRAO)

KOBOAOU ittt sttt siee ettt ettt 1
| RECY N o o I PSPPSR 2
HIT L O ttttutteeiteenit e et et e et e sttt e st e ekt e et e st e sas e e s bt e e be e e nbeesaneenaneenneas 3
S ' X o ST PPPPPNE 4
EVTOVO wtttieiiiriieisiririe e st e e st e e e e s e e s e e s sine e e s bn e e e s sabe e e s nnee s 5
TIONT EVTOVO teeiiietieaieeareesiteesieeesteeesseesneessbeesireesneeaneesneesnneens 6

8. Tic teAsutalec 4 £Bdopddeg, nbéoco snnpéacs o ndévog Tn ouvnd Lopévn gpyooioa cac (16co tnv

spyaoia £Ew amd 1o onl 1l 600 KoL péca g autd);

(B&ATE évorv KUKAO)

J3(e 1S oY N1 1
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N ARV YRR 2
S0 o Y 1 2 SRR 3
BLOKE T teutteeeateeeeseeitee e e et e e e s bt e e e s bt e e e aane e e s aaseeeeanbeeeeanneeesanneeeeaan e s 4
JRTe Tolo s 1oy N ¢ APPSR 5

9. Ol MUPAKATW £EPWTIHOE LG AVOPEPOVTAL OTO MOC A LOBAVOCAOTE KAL OTO IIOC ATV yevIKA 1 8 1&Beon
oa¢ tiLc teAsvutaleg 4 £Bdouddec. Tia R&Oe gpdInon, mMapakaAsiote va ddoete gxrelvn tnv
am&vInon mou nAnocL&le L mepLoodtepo o 6,11 atoBoavOirate. Tic Tedevtaliec 4 eBdouddeg, via
1600 XpovLIkd & L&oTNU -

(xukAdoTe éva apLBud os k&Be ot LP&)

Juvexdc To peyoa- Anuov- MepLxéc Mixpd KabdAou
AUTepo PopEg S
dL&oTnua T1kO
oTnua
dL&otnp
o
o ALoBavOCOOTE 1 2 3 4 5 6
vepdtocglyepdtn (ovidv Lo,
B. Elxote moAU esxkveupLoud; 1 2 3 4 5 6
Y. ALcBavbéoaoTte TOCO MOAU 1 2 3 4 5 6
neouévocg/meouévn
PUYXOAOY LKE, TTOU T {IOTE
eV unopovoe va 0ug
eT1&Ee L TO KEQL;
5. AloBavéoaote npenla Kol 1 2 3 4 5 6
YOANvI,
g. ElxoTe moAAn 1 2 3 4 5 6
evepynTLKOTNTO,
OT. ALoBavéoaoTe ameAnL oo 1 2 3 4 5 6
KoL peAoyXoAia,
{. ALoBovdoOoTE £EAVIANOD, 1 2 3 4 5 6
n. Hoaote sutuyLlouévoc/ 1 2 3 4 5 6
EUTUYX LOREVD;
0. ALoBavbéoaoTe KoUpaon; 1 2 3 4 5 6

10. Ti¢ tedevtaieg 4 eBdouddeg, yio ndéoo xpovikd SLACTNUO €nnpéaoov TLC KOLVWVLIKEQ OOQ
SpaoctnpLétntec (mX. entokéyelc o8 @lAOUG, OUYYEVE(Q, KAL) N KATAOTAON TNC OWUAT LKHC OOC
uye log 1§ k&mo Lo ouva L o0NuaT LKA TPOBAAPATY,
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T UV E K G tuurreeerernnnnnseeereessunnsseeeresssnnsaaeereesssnasaeeeeessaansaaeeeesssansseeereessnnnsseeeeeennnnnsaeeanees
TO LEYVOATTEPO O LAOTIIHO 1uunnnnnriniii s
MED LK E G DO EC wurnuurreeereeeruuaseeereersnuasaeareessnnaaesreesnnnaaasressnnnseeereesnnsseeereesnnnnsees
MUKOO O LAOOTIIIO teverrunnrreeereennnnnsseeereesnnnsseaereesssnssssesreessnnssseeereesssnnsseeereesnsnnseeeeseesnnnns

J2Ce SN S

11. Téco ANHOINES 4 YVEYAEIS e ival ol TapakdTw mpotdos L¢ otn & LKA oa¢ neplntwon;

(BéAate évav KUKAO)

(xukdAdoTe éva apLBud o k&Be ot LP&)

Evtelac MéaAdov Asv MdaAdov Evteddg
AAfifeia | AAQOeLa Eépw Yépa Yépa
o. Mou galvetal OTL appwoTaive 1 2 3 4 5
Alyo euroAbT epa annd GANOUC
avOpdroug
B. Elpol 1600 Uy LAG 600 dAOL OL 1 2 3 4 5
yvwoTol pou
v. Mepluéve 6TL nuyeiauou B 1 2 3 4 5
XE€LPOTepeUOE L
5. Huyelapou gival e§xlpeT LKA 1 2 3 4 5
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Appendix 5: Weekly Sleep Diary

87

Epdoopadraio Hpeporoyro "Yavov

Hpepopnvia (mpépa/ pivog / £€1og)
/ /

Hopokoi® KVKAOGTE TNV 0TAVTN O
OV GOG OVTITPOCMMTEVEL

Patient’s ID:
Kata v d1apkera tng Tponyovuevng O, 1-2 3-5 6-7
efoopnddac, 660 ovyva eiyarTe... Ka06lov | popéc | popés | @opég
1. Mpépinpa va cag wapeL 0 HTvoc; 0 1 2 3
2. Evvi|o€L KOTE TNV O10PKELN TG 0 1 2 3
VOYTOGS
3. IIpoppa 6to vo peivere 0 1 2 3
Koyopévol; (Evvayate vopitepa
a7’ 0TI 6VVI0MG;)
4. Tnv aicOnon 6T Eunvayore 0 1 2 3
KOVPUGUEVOL KOL TOAULTOPUEVOL;
5. 'Evracn & 6Tpeg KOTd TNV S1dpKELQ 0 1 2 3
™S NUéPOS;
6. Tnv aicOnon 6t Suavijcate 0 1 2 3
EexovpaoTol;
Ymoypaon
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Appendix 6: Epworth Sleepiness Scale

88

Kiipoxo Yavniiog Epworth
(Epworth Sleepiness Scale)
Hpepopnvia (mpépa / ppveg / £tog) Mopokar® KukA®GTE VO 06 TO vOOpEPQ
/ / mov Ppiokovror KGT® o6 TNV OmAVTNON
OV GOG OVTITPOCMOTEVEL
Patient’s ID:
660 ocvyva viw0Bete vavnrio (YAapavere) | Iloté Mukp1] IBavov | Xyedov
1 60 TAIPVEL 0 VTVOG KATE TV OLAPKELD, mOavotnTo | va navro
TOV TOPUKATO KOTUAGTACENDV; ovppet
1. Otav owpalere éva Prprio 1
KOO0 TEPLOOIKO KaBropévoc/n 0 1 2 3
2. Otav Brénete TnAEOpOON)
0 1 2 3
3. Orav nopokolovOeite pia
ovlntnon og onuiéclo yopo 1 0 1 2 3
Prénete o Towvio GTOV
KIWVI|LoToYpaQo
4. Otav ta&loevete cav cvvemPaTng
oe¢ ¢éva IX avtokivinto ko oOgv 0 1 2 3
€xeTe  KAvEL  OwWALlpupo Yo
TOVAAYLOTOV pio Opa
5. Orav Eamhovere T0 peonuépl petd
pPoOVYO. OE £VOV KOVOTE YO VO 0 1 2 3
EexovpaoOeite
6. Otav kovfevrialere KaO16TOG
0 1 2 3
7. Otoav petd To peonueprovo cog
YEVRO. (0€V £YETE KATAVAALAOGEL 0 1 2 3
0AK00A) KoOicETE KOl TEPLUEVETE
Yo Aiyo
8. Otav 0dnydre T0 AVTOKIVNTO GOG
KoL €l0TE oTOPOTNUEVOS/] 6TV 0 1 2 3
Kivion
Ynoypooii
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Appendix 7: Pittsburgh Sleep Quality Questionnaire

arxpifsic yia my mAsiopngia T UGV Kal VUXTEY Tov mspacuevoy unua. [Hapaxals,

Asixtng [Mowdotnrag 'Yovou tou Pittsburgh (AITY)
Obnyies: Ch axalovfer spomoss oxeTioVTal U TiC CULTHESEC UMTUoY IS OMOlss SIXOTE
xara oy Mdpraa povov v spacusvov wnwa. Ch aravtios cag Sa mpewsr va shval

ANEVINOTE OF GASC TIC SpaT)osis.

Kata 1 Suapsera tov nepaopévou pijva,

Pl b e

[Iare ownmBiog mypyatyare yia UImve;

Ilaon opa (o Aerra) cag Emopve yia va wowpnBeie, wabes Bpabu;

Lo o mpol T opa furmeotoars;

MMoceg mpeg moypocacsTay Mpaypanea kpara ) hapeen g vnaag; (M mepibapPovopsvey o
wpow mow Bpowooactay, aurmvol oo xpefan;

Eara m haprsia tou nepaspsvon
WITVE, TIOO0 CUVE OVTIRETENTICOTE
npofirpara vrvow GLoT ...

T wara )
Blapaceia Touw
TIEQOTEVOU
prva (0]

Aaryorepo
and 1 popa

v
eBbopaba (1)

Mia 5 &oo
gopés v
ep6opaba (2)

Tp=ig 1
TIEQUTOOTEDES
popis ™V
efbopaba (3)

89

a. bev prmoponocarts va xomanfeite pEoo
oce 30 Aerra;

B. furvovioars wata Ta pecavinkTa 1)
ol VEgIS T