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Abstract

Introduction: According to the National Kidney Foundation, the End Stage Renal
Disease (ESRD) is a global health problem and an irreversible progressive condition
responsible for high morbidity and mortality. Fatigue is experienced by many patients
with a prevalence ranging from 60% to 97% and can be predictor of cardiac events.
Hemodialysis (HD) patients suffer from generalized weakness, exercise intolerance
and muscle atrophy, all leading to a generalized fatigue and a lack of energy. The
mechanisms underlying fatigue in these patients are not well understood but from our
previous work it has been shown that these should include both intramuscular and
central activation failures. Recently it has been shown that the observed impaired
daytime functional performance and excessive fatigue do not depend only on muscle
atrophy and weakness but are also associated with other factors such as lack of
restorative sleep, duration of dialysis sessions, excess weight before dialysis, poor
nutritional status, restless legs syndrome and overall mental status of the patients.
These factors primarily affect the HD patients’ life quality, leading to a vicious circle
of fatigue due to inactivity and further inactivity due to fatigue. It is evident that these
patients are spending at least 50% of their time, in a functionally “switch off” mode
with their fatigue sensations reaching a peak in the immediate hours after the dialysis
session. As in other conditions, in ESRD as well fatigue is often viewed as having a
dual nature: central vs. peripheral, brain vs. muscle, physical vs. mental etc. however it
has been argued that fatigue in HD patients is more of a ‘syndrome’ than a single

symptom with a complexity and persistence not easily relieved.

Aims: The primary aim of the current PhD research thesis was to investigate the

factors involved in the phenomenon called “Hemodialysis Fatigue”. More specific:

1. to investigate the role of emotional intelligence in the level of fatigue and
quality of life in HD patients and whether a nine month intradialytic exercise
training program could influence the levels of emotional intelligent.

2. to investigate whether a single bout of intradialytic exercise could attenuate
myocardial stunning — a suspect of fatigue inducer - observed during HD

session.
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3. to assess the effectiveness of a nine month intradialytic exercise program on
fatigue symptoms occurring before, during and after hemodialysis session in
patients receiving hemodialysis therapy.

4. to investigate the effect of a nine month intradialytic exercise training program
on myocardial stunning in patients on hemodialysis

5. to assess the relationship between fatigue and neural function in HD patients
and whether a 9 month intradialytic exercise training program could impose

any beneficial effect.

Methods: 78 dialysis patients under HD treatment (S0M/28F, 60.6+£17.2 years) were

participated in this project.

Study 1: 78 dialysis patients under HD treatment (50M/28F, 60.6+£17.2 years) were
participated in the study. A subgroup of 18 patients (15M/3F, 56.7+12.3) completed a
9-month supervised intradialytic exercise training program. Functional capacity
assessed by a battery of tests, while emotional intelligent, sleep quality, depression
levels and daily sleepiness status were assessed via validated questionnaires, before
and after the intervention period. The 78 patients were divided into 2 groups,

according to their assign scores in El scales using both WLEIS and SSEIT scales.

Study 2: A subset of twenty one stable HD patients (17M/4F, 56+19yrs) participated
in the study. All participants completed two different HD trials on two different days,
separated by one week: (1) normal HD and, (2) HD including a single bout of
intradialytic exercise. Echocardiographic assessment of ejection fraction was
completed before HD, half an hour before the end of HD and 30 min after the end of
HD. Myocardial stunning was assumed when a >20% reduction in ejection fraction

was observed.

Study 3: A subset of twenty stable hemodialysis patients (16M/4F, 59+13.7 yrs) was
included in the study. All participants completed a 9-month supervised exercise
training program during HD. Fatigue, sleep quality, depression levels and daily
sleepiness status were assessed via validated questionnaires, while functional capacity

assessed by a battery of tests, before and after the intervention period.

Study 4: A subset of twelve stable HD patients (L0M/2F, 56+19yrs) participated in the
study. All participants completed a 9-month supervised aerobic exercise training

program during HD. At baseline and after 9 months in the study, all patients
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underwent echocardiography assessment Echocardiographic assessment of ejection
fraction was completed before HD, half an hour before the end of HD and 30 min
after the end of HD. Myocardial stunning was assumed when a >20% reduction in

ejection fraction was observed.

Study 5: Subsets of seventeen stable hemodialysis patients (15M/2F, 59+13.7yrs)
were included in the study. All participants completed a 9-month supervised aerobic
exercise training program during HD. Functional capacity assessed by a battery of
tests, while pain levels and fatigue profile were assessed via validated questionnaires,
before and after the intervention period. Motor and sensory nerve conduction studies
on bilateral median, ulnar, peroneal and tibial nerves as well as F-wave were assessed
using a full neurographic EMG system and performed pre and post exercise training

program.
Results: the results of the current thesis are summarized below.

Study 1: Emotional Intelligent was positive correlated with physical health, cognitive
function and levels of quality of life, while negatively associated with fatigue scores.
The nine month exercise training intervention did not improve the levels of El in the
whole group, however, when patients divided according to their score of El, the group

with low score was significant improved compared to medium or high EI groups.

Study 2: Cardiac function and morphology parameters did not change after the
implementation of a single bout of intradialytic exercise. Cohort data for the change in
ejection fraction from baseline to during HD did mask considerable inter-individual
variability however, despite this the variability was not mediated by the addition of

intradialytic exercise.

Study 3: After the exercise training intervention, exercise capacity increased by 65%
and functional capacity by an average of 40%. Regarding the post dialysis fatigue
score, patients reported feeling better post dialysis after 9 months of exercise training
program. Nine months of exercise training increased cognitive function and vitality
score while depressive and fatigue symptoms were found to be significantly

improved.

Study 4: Ejection Fraction improved by 21% after the 9 month exercise training
intervention while at the end of the hemodialysis session were observed

improvements in ejection fraction by 12% and in deceleration time by18%.
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Study 5: After the nine month aerobic exercise training intervention, an significant
improvement in conduction velocity observed from Tibial and Peroneal nerves by
3.7% and 4.2% respectively while Tibial F-wave latency and Peroneal and Sural
nerve distal latency were significantly improved by 4.2%, 4.9% and 10% respectively.
Fatigue and pain was improved after the exercise intervention while fatigue score was

positively correlated with conduction velocity and amplitude values.

Discussion: In the current PhD research Thesis we have found that the levels of
emotional intelligent are related to the levels of fatigue while patients with low levels
of emotional intelligent are more likely to be benefited by an exercise training
program compared to medium and high level counterparts (Study 1). In addition, a
single bout of intradialytic exercise did not affect myocardial stunning often observed
in hemodialysis patients. Our data support the notion that aerobic exercise training
during hemodialysis is a safe and a well tolerable non-pharmacological approach and
does not impose any harmful or adverse effect to patients’ health or to the
hemodialysis therapy per se (Study 2). After the 9-month aerobic exercise training
program all aspects of exercise capacity were improved significantly affecting
positively the levels of depression and the cognitive function of the HD patients. Post
training a reduction in the severity and the duration of Post-Dialysis fatigue symptoms
was observed. It seems that exercise training is a safe and effective non
pharmacological approach to ameliorate fatigue symptoms in HD patients (Study 3).
Following the improvements in fatigue, a significant improvement in ejection fraction
by 21% was observed post training. Intradialytic exercise training can become a non-
pharmacological approach to reduce myocardial stunning induced by the
hemodialysis therapy (Study 4). The current study demonstrated that exercise training
induces beneficial effects on both sensory and motor neural function improving
conduction velocity and F-wave latency. The improvements in neural activity are
accompanied by changes in fatigue score and pain related aspects (Study 5). The
parallel improvement in motor nerve conduction velocity and its correlations with
functional tests supports the hypothesis that exercises could be beneficial for

preventing diseases-induced neuropathies in HD patients.

Conclusions: Fatigue is multifactorial condition that affects many aspects of HD
patients’ mental and physical health. In the current thesis we have shown that fatigue

affects and is affected by emotional, cardiovascular and neurological factors that are

9
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not fully understood. It is clear although that exercise training is a safe and low cost
non-pharmacological approach that could improve many factors that are involved in
the development of “hemodialysis fatigue”. Regular exercise training can reduce
fatigue symptoms, revitalize cardiovascular and nervous system and significantly

improve HD patients’ quality of life.
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rMSSD: Square Root of mean Squared Forward Differences of Successive Nn

Intervals
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ROE: Regulation of Emotion

RPE: Rating of Perceived Exertion

RRT: Renal Replacement Therapy

S: Annular Systolic Tissue Velocity

SBP: Systolic Blood Pressure

SDNN: Standard Deviation Of The Normal Rr Intervals
SEA: Self-Emotion Appraisal

SNS: Sympathetic Nervous System

SPO2: Saturation Pulse Oximetry

SSEIT: Schutte Self-Report Emotional Intelligence Test
STS: Sit-To-Stand

TBW: Total Body Water

TUG: Time Up and Go

UOE: Use off Emotion

WHR: Waist to Hip Ration

WLEIS: Wong and Law Emotional Intelligence Scale
ZSDS: Zung Self Rating Depression Scale
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Introduction

Fatigue is a frequent and debilitating symptom for patients with end-stage renal
disease on HD (HD) with a prevalence ranging from 60% to 97% [1-8]. Fatigue is a
commonly experienced by patients as a symptom or a result of the treatment per se
[9]. Approximately 86% of HD patients suffered from post-dialysis fatigue ranging
from mild to severe [10]. According to Gordon and partners greater post-dialysis
fatigue associated with physical inactivity of HD patients [11].

Patients on maintenance HD therapy suffered from a generalized weakness, exercise
intolerance, muscle atrophy resulting in low levels of physical activity and functional
capacity, all leading to generalized sense of fatigue [12, 13]. Fatigue symptoms are
associated still with all cause and cardiac related mortality in HD patients [14, 15] and

has been found to be predictive of cardiac events [16].

Muscle weakness, increased fatigue levels, anemia, neuropathy, low cardiorespiratory
capacity, metabolic factors and exercise intolerance are some of the major factors that
are reported to contribute to the low levels of functionality of the HD patients [13,
17]. Notably, the diminished functional capacity of the HD patients could result to a
cascade of significant impairments on many physiological, mental and social factors
which all could have a detrimental effect to the patient’s quality of life (QoL) and thus

to depression levels.

Furthermore, dialysis patients suffered from multiple psychosocial symptoms that
have been related to fatigue including depression, health-related QoL, anxiety,
loneliness, social support and suicide risk [18, 19]. Noteworthy, increased levels of

fatigue are associated with high levels of depression in these patients [20].

Research findings reported that exercise intervention in general improved QoL in both
clinical and health populations [21] reduced proinflammatory cytokines which have

impact upon fatigue levels[22].

Many studies support the positive effect of regular physical activity on fatigue [23]

and number of studies associate both aerobic and resistance exercise with
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improvements in muscle structure and function, cardiac function, blood pressure,

psychological adaptation and QoL [24-26].

Aims — Significance

Chronic kidney disease treated with HD, is often associated with several
comorbidities like hypertension, heart diseases, musculoskeletal problems and
diabetes mellitus [27, 28]. Specifically cardiovascular disease (CVD) is the leading
cause of morbidity and mortality in these patients[29]. Research findings highlighted
the fatigue as a predictor for CVDs in patients undergoing HD [30]. Overall, patients
on dialysis have reduced exercise tolerance compared with healthy people and this
physical inactivity could be a contributing factor to chronic kidney diseases (CKD).
These patients present low levels of physical activity because of generalized sense of
fatigue. It’s very important to clarify and detect what other factors contribute to this

symptom of fatigue in dialysis population.

The primary aim of the current PhD research thesis was to investigate the factors

involved in the phenomenon called “Hemodialysis Fatigue”. More specific:

1. to investigate the role of emotional intelligence in the level of fatigue and
quality of life in HD patients and whether a nine month intradialytic exercise
training program could influence the levels of emotional intelligent.

2. to investigate whether a single bout of intradialytic exercise could attenuate
myocardial stunning — a suspect of fatigue inducer - observed during HD
session.

3. to assess the effectiveness of a nine month intradialytic exercise program on
fatigue symptoms occurring before, during and after hemodialysis session in
patients receiving hemodialysis therapy.

4. to investigate the effect of a nine month intradialytic exercise training program
on myocardial stunning in patients on hemodialysis

5. to assess the relationship between fatigue and neural function in HD patients
and whether a 9 month intradialytic exercise training program could impose

any beneficial effect.
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Literature Review

Epidemiological data

Chronic renal disease is a “silent epidemic” and iS emerging to be an important
chronic disease worldwide [31, 32]. According to the Kidney Disease Improving
Global Outcomes (KDIGO), each year 440000 patients around the world start Renal
Replacement Therapy (RRT) [33, 34]. In general kidney failure is considered as one
of the three death causes increasing the maximum from 1990 to 2010. According to
the Institute for Health Metrics and Evaluation, in other countries such as central
(Colombia, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua,
Panama and Venezuela) and Andean (Bolivia, Ecuador, and Peru) the kidney failure
is the fifth most common death cause [34]. According to national institute of statistic,
regarding the European countries, in Italy the health research in Italy did not consider
the CKD as an issue of public health and did not include it among chronic diseases
[35].

Prevalence-Stages of Chronic Kidney Disease

Hebert et al. (2010) conducted a study in United States of America to compare the
prevalence of the five stages of CKD across three ethnic groups (Whites, Blacks, and
Hispanics) and gender in an outpatient systolic Heart Failure population. Also
researchers tried to evaluate the impact of CKD on mortality. According to the
authors it was more possible CKD patients to be older, as well as men were more
prone to CKD, to have diabetes and higher systolic blood pressure, comparing with
non-CKD patients and lower education. Finally the prevalence of CKD was higher

among Hispanics and those with lesser educational attainment [36].

There are five stages of kidney disease. The determination of each stage based on the
presence of kidney damage and can be described estimating the glomerular filtration
rate (GFR), which is a measure of level of kidney function. Standard equations help
us to evaluate the prevalence and severity of specific conditions and risk factors
(hypertension, anemia, abnormalities of mineral metabolism, nutrition, QoL and

measures of well-being and neurologic changes) at each stage of CKD [37].
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In the early stages of kidney disease (stages 1 and 2) renal function remains sufficient
to maintain the patient without symptoms. As the disease progresses, renal function
decreased significantly (stages 3 and 4). At stage 5 (end stage renal failure) the
kidneys are not able to perform almost any function, and their replacement is required
anymore [38].

Regarding dialysis mortality stages in CKD stage 1 had the highest survival rate than
patients in Stage 4 and 5 in those the survival rate was lower [36]. US and European
studies enhanced the higher dialysis rate mortality with threefold and six fold higher
mortality risk respectively [39].

e Comorbidities

Many CKD patients may have several comorbidities such as diabetes, CVD,
metabolic bone disease, and anemia. The presence of these comorbidities leads to

increase the complexity of treatment regimens [40].

Regarding the diabetes mellitus research studies indicated that 40% of CKD patients
suffered from diabetes, of which three-quarters have shown proteinuria and CKD in
these patients was the main cause of mortality than patients without diabetes [41].
Specifically CKD is associated with increased cardiovascular morbidity and mortality
with rapidly increasing prevalence [42]. Research data reported that the prevalence of
heart failure (HF) of patients commencing dialysis was between 31 and 40% [43].
Furthermore the mortality was higher in patients receiving dialysis who have

comorbid HF in concrete with dialysis patients without comorbid HF [44].

It should be noted that cognitive impairment in CKD patients is another significant
cause of morbidity that usually associated with lower QoL, worse survival and found
difficulties to follow the medication [45]. Furthermore cerebrovascular disease is

showing in all stages of CKD with increasing rate in HD patients [46].
e Life expectancy

Research studies have indicated that women had longer life expectancy than men
across all levels of estimated GFR and age but the life expectancy is similar for both
men and women for CKD patients with estimated GFR 15-29[47-49]. Prior studies

have shown that chronic situations such as diabetes and hypertension have reduced
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the life expectancy [50, 51]. Turin et al. (2012) observed that patients with lower
kidney function had no so longer life expectancy divided the importance of primary
and secondary prevention activities in CKD patients [52].

» Overall mental and physical health

As mentioned in previous studies identified risk factors of CKD included diabetes
mellitus, hypertension, and the use of other medication however remains unknown if
there are mental illnesses could be contributing to CKD. In patients receiving chronic
HD has observed psychological and physical symptoms [53], most important of them
including depressive symptoms and pain that contributed to impaired QoL in chronic
HD patients [54].Specifically depressive symptoms were found to be related with
diabetes mellitus, fatigue, limb pain and other clinical conditions [55]. Also the sleep
quality observed to be impaired in HD patients and reduced the recovery time after
dialysis resulting in lower QoL [56]. The association between sleep quality and

depressive symptoms among HD patients seems to reduce the QoL [1, 57].

Recent research indicated that schizophrenia associated with an increased risk of
CKD patients in a 3-year-follow-up period [58]. Specifically the authors have found
that schizophrenia is associated with a 25% increase in the risk of developing CKD

within only a 3-year follow-up period.

Studies have found that renal dysfunction associated with worse physical
performance, frailty and less functional status [59]. Early studies conducted in
patients with ESRD compared with healthy people have shown marked impairment in

aerobic capacity and physical performance and lower physical activity

Prior small interventional trials conducted largely in ESRD patients suggest beneficial
effects of structured exercise training on physical performance, cardiorespiratory
fitness, and patient-reported outcomes, while a small number of trials suggest similar
benefit in non-dialysis CKD patients [60, 61]

« Conservative treatment and therapy

Substitution of renal function can be done by three methods: HD, peritoneal dialysis

and kidney transplantation. HD and peritoneal dialysis can partially replace the
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excretory functions. The kidney transplantation only offers the possibility of full
rehabilitation both extra-renal excretory and endocrine renal function [62].

1. Hemodialysis

HD is a substitution method to treat advanced and permanent kidney failure in special
dialysis centers. During HD the blood be removed from the body and sent to specific
filters with solutions to remove harmful substances. Specifically step-by-step
description of HD has as following: The blood exits and enters in the body through
the vascular access. In each session two needles are placed in access. One of the
needles subtracts the “unclear” blood from the body and the other replace the blood
“clear”. Plastic tubes or “lines” used to transfer the blood to the HD machine. These
“lines” are associated with the needles importing the vascular access of the patient.
Furthermore, the blood, which is transported through the filters at constant speed,
reaches the blood pump. The role of filters is the retention of retaining elements and
the subtraction of extra fluids. After that the cannulated blood is returning to the body.
The procedure takes about 3 - 4 hours each time and the main symptom of the patients

after dialysis is the fatigue. Most of them feel tired after [63].

Although HD is the most usual RRT method the mortality of this form is increasing
during the first 3 months. According to Bradbury et al. (2007) yearly mortality in
dialysis emerged 5-27% in developed countries [64]. Specifically in Europe life
expectancy is only 5 years, which is 50% lower than in the same age group in the

general population [65].
e Effect of HD on Health, QoL and El

It is well known that the HD patients have shown usually mental, social and physical
problems that that often associated with the renal disease per se or the dialysis therapy
resulted in poor QoL [66, 67]. Recent studies still associated low levels of QoL with

depressive symptoms in HD patients [68-70].

Regarding the HD patients, a brief review of the literature revealed that only one
study examined El in this population. Khan et partners (1971) studied social
adjustment, emotional status, level of intelligence, and self-concept of fourteen
children; five had transplanted kidneys that had been functioning well for periods of

two to five years, two others had unsuccessful transplants, and the remaining seven
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had been on HD from six months to several years. Researchers concluded that most of
the children had serious social and emotional difficulties. Feelings of social isolation,
excessive dependency upon the parents, and depression were common. The authors
point out the sources of social and emotional difficulties and make suggestions for
avoiding some of them [71].

Image 1. The process of HD (en.wikipedia.org).

2. Peritoneal dialysis

Before the start of peritoneal dialysis is necessary to place a catheter in patient’s belly
by surgery. There are two kinds of peritoneal dialysis: Continuous Ambulatory
Peritoneal Dialysis (CAPD) and Automated Peritoneal Dialysis (APD).

The CAPD is a "continuous, and does not require machine. It’s important to be done
in a clean place. The drained fluid is hooking up from a plastic bag to the tube in the
belly through the catheter. The abdomen holds the dialysate with the catheter sealed.
Every exchange becomes four or five times during the day and takes 30-40 minutes.

Its usual patients make the exchanges at mealtimes and at bedtime. [72]

Image 2. CAPD (en.wikipedia.org).

Catheter

Peritoneum

Abdominal
Cavity
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APD needs a machine which performs 3-5 exchanges during the night. The abdomen
fills automatically with dialysis solution. Furthermore this dialysis solution stays
there, drains and empty to a sterile drainage bag in the morning. This method is more
flexible during the day but patient can remain attached to the machine for 10 to 12
hours during the night [73].

Image 3. APD (idney.niddk.nih.gov).

3. Kidney Transplantation

Transplant surgery can be applied in patients undergoing either HD or peritoneal
dialysis. During the operation the donor kidney that will be placed in the lower
abdomen. The kidney artery and vein will be sutured (sewn) to the recipient’s iliac
artery and vein. After that the ureter of the donated kidney is connected to your
bladder. During the operation a small drain may be inserted into the abdomen to drain
any excess fluid that may have accumulated [74]. The donor kidney may be derived
by a) living related donor (such as a parent, sibling, or child) b) living unrelated donor

c) deceased donor [75].
Symptoms of Chronic Kidney Disease

It is well known that there is a broad range of symptoms in CKD. Regarding the
physical symptoms most frequently these patients experienced dry mouth and itchy
skin [76]. Previous studies have documented symptoms such as tiredness, pruritis,

numbness, pain, and muscle cramping [77, 78].

One of the most common causes of death in CKD patients is cardiovascular events
[79, 80] by the presence of predisposing factors such as hypertension, diabetes

mellitus, prolonged anemia, arterial calcification and electrolyte imbalance [81]. First
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of all Dr. Bright [82] reported the link between CKD and CVD indicating that
impairment of renal function associated with an increasing risk of CVD[83]. Diabetes
mellitus and hypotension seem to be strong risk factors that enhanced the impact of
CKD in CVD risk [51, 84, 85].

Specifically, according to a recent study there is a bidirectional relationship between
intradialytic hypotension and left ventricular hypertrophy in CKD patients [86].
Intradialytic hypotension namely a decrease of systolic blood pressure includes
symptoms as abdominal discomfort, yawing, sighing, nausea/vomiting, muscle

cramping, restlessness, dizziness or anxiety [87, 88].

Cardiovascular system

CKD is associated with increased risk for cardiovascular events and mortality.
Especially ESRD who receive HD therapy experienced several cardiovascular
complications such as coronary artery disease, congestive heart failure, arrhythmias
and hypertension. High blood pressure, insulin resistance, dyslipidemia, vascular
calcification, chronic inflammation, oxidative stress, endothelial dysfunction and
other metabolic disturbances contribute to structural and functional changes in
myocardium and accordingly lead to cardiac dysfunction and to increase

cardiovascular events in patients with CKD.

Left ventricular hypertrophy (LVH), dilatation, systolic and diastolic dysfunction are
components of the condition who is used to describe the effects of CKD on
myocardium, termed as uremic cardiomyopathy leading to changes in the systemic
hemodynamics affecting the structural and functional characteristics of the in
myocardium. The main result of uremic cardiomyopathy is LVH which is manifested
in the 26% of patients in stage 3 of CKD and in the 75% of patients on HD therapy
[89] and is considered as an independent predictor of survival in CKD patients [90].
LVH is the result of hypertension and arteriosclerosis which occur due to pressure
and/or volume overload that induced from anemia, arteriovenous fistula and
hypervolemia in CKD patients [91] and it could be characterized as an adaptive
response to these complications. Hypertension and increased volume overload,

probably induce cardiomyocyte hypertrophy and vascular remodeling [92].
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Additionally, an excessive activation of the renin-angiotensin-aldosterone system [93]
as well as the phosphoinositide-3 kinase (P13K)-Akt pathway contributes further to
the development of LVH in these patients’ population [94]. LVH also is responsible
for the left ventricular dilatation and dysfunction and for the decreased left ventricular
EF.

In addition other factors influence the development of cardiac diseases in CKD
patients such as increased levels of homocysteine [95], hyperparathyroidism,
hypoalbuminaemia, oxidative stress and inflammation. Anemia and impairment
mineral metabolism, stimulate hyperphosphatemia and elevated parathyroid hormones
levels leading to vascular calcification by altering the phenotype of vascular smooth
muscle cells [93]. Hypovitaminosis D, which is a common disturbance of CKD
patients, contributes to myocardial hypertrophy and it has been associated with
cardiovascular mortality and sudden cardiac death [96]. A possible explanation is the
multifactorial role of vitamin D on heart remodeling such as cardiac cell contraction,
proliferation, hypertrophy, differentiation as well as protein and collagen expression
[93].

CKD patients are characterized by very low levels of functional capacity which is
responsible for the exercise intolerance and early fatigue that these patients
experienced. Consequently, due to the reduced levels of aerobic capacity ESRD have
to deal with many difficulties in performing the everyday living activities. Several
factors are responsible for the low functional ability found in CKD patients. For
example, VO2peak in ESRD patients is decreased by ~50% compared to healthy age-
matched values and therefore the activities of these patients are limited to those
intensities require low level of aerobic capacity [97]. Limitations in oxygen delivery
during exercise training due to cardiac dysfunction and complications in blood
circulation are considered as the major causes for the reduced VO2peak that CKD

patients present.

Painter [17], suggested that many factors interact and are responsible for the low
levels of aerobic capacity seen in CKD patients, such as decreased cardiac output
which is attributed to the low heart rate, low arterial oxygen content induced from

anemia and abnormal muscle function which is attributed to uremic myopathy and
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neuropathy. Additionally, malnutrition, impaired energy metabolism, secondary
hyperathyreoidism and inactivity enhance the symptoms of uremic myopathy.

Changes induced by uremic myopathy in skeletal muscles are responsible for the
muscle wasting and the preliminary fatigue in CKD patients. According to studies
decreased fiber size, especially atrophy and loss of Ila and IIx fibers, reduced
capillary density and peripheral activation [98] and a significant reduction in the mean
diameter of both fiber types have been found in CKD patients [99]. Moreover,
disturbances in mitochondrial morphology found in CKD patients possibly explain the

increased fatigability [100].

Central or peripheral uremic neuropathy resulted in cardiac autonomic nervous system
(ANS) dysfunction, which is a common feature in patients receiving HD therapy. A
reduction in both sympathetic (SNS) and parasympathetic nervous system (PNS)
occurs in uremic dysautonomia and especially parasympathetic failure during HD is a
common complication in uremic patients [101]. Spectral analysis of heart rate
variability (HRV) is the most commonly noninvasive method used for the assessment
of ANS activity and autonomic dysfunction and is usually expressed with depressed
HRYV in CKD patients. In addition, HRV is considered to be an independent predictor
of mortality in HD patients [102]. Decreased HRV due to dysfunction of the cardiac
ANS is a known complication of HD patients and is associated with an increased risk
of ventricular arrhythmias and sudden death. Furthermore, it has been reported that a
sympatho-vagal imbalance in the cardiovascular system which is expressed with
reduction in the indices of SDNN, LF and LF/HF ratio is related with sudden cardiac
death [103]. Many studies have supported the notion that HD therapy itself induces
changes in HRV of uremic patients [101, 104-107]. Specifically, it has been observed
decreased sympathetic activity during HD [104] in contradiction to the results of some
other authors demonstrating a shift in sympathovagal balance towards sympathetic
activation during the HD process [105, 106].

Exercise training can ameliorate or delay the progress of all these consequences of
CKD. Since the early 80 many different modalities of exercise training programs
have been applied in CKD patients such as home-based, habitual, center-based and

intradialytic. All these studies have documented that exercise training is possible in
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CKD patients, due to the hemodynamic changes inducing beneficial responses by
improving functional capacity and overall health related QoL.

Fatigue in Chronic Kidney Disease

Fatigue is a complex interaction of biological and psychological factors experienced
by HD patients [108] Research findings associated the fatigue with the health related
QoL, depression, anxiety, loneliness, social support and suicide risk [18]. More
specifically research findings have shown the close relationship between fatigue in
HD patients but it’s not so clear the nature of the relationship. Also the question is if
an HD patient becomes depressed because of the effects of being fatigued or because
of the reverse[1].

Other factors that contribute to the excessive fatigue area lack of restorative sleep
[109], excess pre-dialysis weight [110], poor nutritional status [14]restless legs
syndrome [111]and the overall mental status of the patients [14]. Evidently, of all of
these factors can contribute to a self-exacerbating process, a vicious circle, of fatigue
due to inactivity and further inactivity due to fatigue. This sensation of an enduring
fatigue interferes with physical and social activities and feeds perceptions of increased
restrictions and barriers [112] and leads to a significant reduction of physical activity
and functional capacity, which in turn contributes to the increased cardiovascular risk

and a high mortality rate among these patients [113]

Physical Activity in Chronic Kidney Disease patients

Generally, HD patients are characterized by low physical activity levels and even
habitual exercise training programs might improve the functional ability of these
patients (table 2). Cupisti et al [114], who evaluated the habitual physical activity
levels during a mid-week interdialytic period of 48 hours in 50 ESRD patients, found
that patients revealed reduced daily METs value by 14% compared to normal subjects
and decreased number of steps/day by 52.4%. In addition these results were correlated
with patients’ dietary nutrient intake and body composition [114]. These results
confirmed that malnutrition and muscle atrophy are important factors which leads to
inactivity in CKD patients. However, in another study by Kosmadakis et al [115],
increased exercise tolerance measured with Borg Rating of Perceived Exertion (RPE)
after 1 month and 6 months exercise training was found and these beneficial effects

did not get lost after 6 months of no training. In the same study [115] 6 months of
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habitual exercise training weren’t enough to induce changes in arterial stiffness
biomarkers and baroreflex (BRS) sensitivity. The results of this study [115] indicate
that habitual physical activity is not enough to induce beneficial results in the CKD

patient’s cardiovascular system and systematic exercise training is needed.

In another study by Matsuzawa et al [116] habitual exercise training found to be
related with high density lipoprotein cholesterol (HDL-C) levels, which are related
with cardiovascular mortality. The authors after examining habitual physical activity
levels using accelerometers in 116 CKD patients on HD, demonstrated that increased
physical activity levels were correlated with improved prognosis. Indeed, in 1980 a
study by Keys [117] found that in men, low levels of HDL-C were related to coronary
artery disease mortality while high levels of HDL-C to other causes of mortality. In a
review by Besler et al [118], the authors described the mechanisms of how high HDL-
C levels induce cardioprotective effects in the vasculature and indisputably the fact
that HDL-C accelerates nitric oxide (NO) synthesis is proved to be a crucial

mechanisms, which enhances the atheroprotective effects.

Moreover, a study of Hamasaki et al [119] in heart failure patients found that a
correlation existed between physical activity levels and plasma BNP levels, even after
an adjustment with age and BMI. B-type natriuretic peptide (BNP) is widely used as a
cardiovascular risk biomarker and an increase in serum levels has been related with
the degree of left ventricular dysfunction, severity of congestive heart failure
symptoms and ultimately poor prognosis [118, 120], the authors described the
mechanisms of how high HDL-C levels induce cardioprotective effects in the
vasculature and indisputably the fact that HDL-C accelerates nitric oxide (NO)
synthesis is proved to be a crucial mechanisms, which enhances the atheroprotective

effects.

Most of the investigators who have examined the impact of long term exercise
training on HD patients (=6 months) have found significant improvements in
psychological status [121-124]. Conversely, studies with fewer months of training
such as 2 months [26], 3 months [125-129] and 4 months [130] did not find any
significant improvements in depressive symptoms or in mental health scale of the
SF36 with exemption of the study by Oh-Park et al [129] who reported significant

improvements in MCS after 4 months of combined intradialytic aerobic and resistance
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exercise training. Differences among studies in the exercise regime (duration and
intensity) could be the reason for the observed discrepancies.

Even though there are no exercise studies lasting more than a year, there are strong
evidences regarding the superiority of the long term exercise interventions in terms of
improving psychological related parameters, compared to the short term interventions.
The mechanism that exercise can induce changes in the mental status of the patient is
not fully understood, however, improvements in sleep [131], fatigue [132], functional
capacity [133], and overall QoL [122] could at least partially explain the
psychological improvement seen in those patients after the exercise training period.
Aerobic exercise training exerts also acute benefits on the human brain by increasing
the levels of an endogenous opioid called B-endorphin [134]. This is the reason of the
euphoria sensation most of the patients get after the completion of an exercise session.
That finding supports the hypothesis of endogenous opioid system involvement in the
pathogenesis of the depression syndrome and a possible mechanism for explaining the
exercise benefit observed in various exercise studies, however, further examination in

the future is demanding.
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Research Paper 1: Emotional intelligence in hemodialysis

patients: The effect of an intradialytic exercise program.
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Abstract

Introduction: It has been shown that patients receiving hemodialysis (HD) therapy
experience very low levels of quality of life, that are usually accompanied by significant
emotional distress symptoms such as depression and anxiety. Additionally it has been
emphasized the important relation between emotional intelligent (EI) and health-related
quality of life in patients with chronic diseases. Studies have shown that high levels of El
were negative related to anxiety symptoms and depression while sleep disturbances, fatigue
and depression, which often seen in HD patients are associated with the level of EI in
healthy subjects.

Aims: The purpose of this study was to investigate whether a relationship among emotional
intelligence, functional capacity, fatigue, cognitive function and quality of life in patients
on hemodialysis existed. Furthermore, this study aimed to assess the effect of a nine month

intradialytic exercise training program on emotional intelligent status.

Methods: 78 dialysis patients under HD treatment (50M/28F, 60.6+17.2 years) were
participated in the study. A subgroup of 18 patients (15M/3F, 56.7+12.3) completed a 9-
month supervised intradialytic exercise training program (3 times weekly). Functional
capacity assessed by a battery of tests (sit to stand), while emotional intelligent, sleep
quality, depression levels and daily sleepiness status were assessed via validated
questionnaires, before and after the intervention period. The 78 patients were divided into 2

groups, according to their assign scores in EI scales using both WLEIS and SSEIT scales.

Results: There were no significant correlations between patients’ characteristics and EI
score. However, there was a significant positive correlation among WLEIS score and
physical health (r=.191, p=.037) and MVQOLI (r = .255, p < .007). WLEIS negatively
associated with FSS (r= -.215, p=.024) and MFI (r= -.206, p=.031). SSEIT was positively
associated with MMSE (r= .268, p < .029) and MSQOL (r=.205, p < .027). Also, SSEIT
was negatively associated with FSS (r= -.222, p= .018) and MFI (r=.255, p < .006). After
nine months of exercise training, group with low WLEIS score was significant increased
compared to the baseline values (98.7+7.0 vs 73.0+4.0, p= 0.020) but no changes in the

medium or high EI groups were observed.

Conclusion: Patients with higher levels of emotional intelligent showed increased levels of

quality of life and lower levels of fatigue. Patients with low levels of emotional intelligent
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are more likely to be benefited by an exercise training program compared to medium and
high level counterparts.
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Introduction

Patients with chronic kidney disease (CKD) at end-stage usually as a treatment receive
hemodialysis (HD) therapy, which is considered as both a life-saving and life-altering
process. The disease per se and especially the HD therapy induce serious alterations in
patient’s life and accordingly all these changes have a negative impact on their quality of
life. Specifically, it has been demonstrated that patients receiving HD therapy experience
very low levels of quality of life, that are usually accompanied by significant emotional
distress symptoms such as depression and anxiety [135].

Additionally, it has been supported that low score of quality of life is strongly correlated
with hospitalization and mortality and accordingly is considered as an established predictor
of these two factors [136-138]. Furthermore, the low levels of quality of life that renal
patients presents have found to be associated with the patient’s mental, social and physical
problems [67, 135]. Additionally, recently it has been supported that an association between

low levels of quality of life and depressive symptoms in HD patients existed [69, 70, 139].

Recently it has been emphasized the important relation between emotional intelligent (EI)
and health-related quality of life in patients with chronic diseases [140]. Specifically a
study by Rey et al [140].who examined EI, personality and their relation to health-related
quality of life in cancer patients, found that medical process and especially certain
psychological resources influenced the health-related quality of life. The authors proposed
that this variable could be a useful tool to assess and identify patients who may be at risk

for experiencing low health-related quality of life [140].

El refers to a set of social cognitive abilities specifically related to emotions. EI has been
conceptualized as “the ability to engage in sophisticated information processing about one’s
own and others’ emotions and the ability to use this information as a guide to thinking and
behavior”’[141].

It has been reported that high levels of EI were negative related to anxiety symptoms [142]
and depression [143]. Moreover, sleep disturbances, fatigue and depression, which are
common problems in patients on HD [57], have found to be associated with El in healthy
subjects [144]. Specifically, a study by Brown and Schutte, where the role of El in fatigue
of mature-aged and younger first-year psychology students examined [144], supported that
higher EI score was associated with less fatigue. In addition, the relationship between EI

and experienced emotions before successful and unsuccessful performance was studied in
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student athletes and found that emotions which associated with successful performance
were vigor, happiness, and calmness, whereas emotions associating with poor performance

included confusion, depression and fatigue (Lane, Thelwell et al. 2009Db).

However, at the literature there is limited information regarding EIl levels on patients on
HD. Only one study by Khan et al (1971) has examined the emotional status, level of
intelligence, and self-concept in children with CKD and found that the highest percentage
of the children suffered from serious social and emotional difficulties, such as feelings of
social isolation, excessive dependency upon the parents, and depression [71]. Thus, as few
studies have examined the relationship among El, quality of life and other psychological
variables in HD patients, the aim of this study was to investigate whether a relationship
among emotional intelligence, functional capacity and quality of life in patients on
hemodialysis existed and whether an exercise intervention training program could improve

their levels.
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Methods

Ethics Statement

The study was approved by the Human Research and Ethics Committee of the University of
Thessaly, and by the bioethics committee of the University General Hospital of Larissa, and the
General Hospital of Trikala, Greece. All patients gave their written informed consent prior to study

participation.

Study Population

Seventy-eight dialysis patients (50M/28F, 61.2+17.1), were recruited from the local HD units. The
78 patients were divided into two groups, according to their assign scores in the Emotional
Intelligent scales (EI) however, since two different scales of EI (WLEIS and SSEIT) have been
used to assess El levels in the current study, the 78 patients have been divided in two groups per
scale as low WLEIS and high WLEIS as well as low SSEIT and high SSEIT. Therefore 4 patients’
subgroups have been used using the quartiles approach. More specifically two low score groups of
two El scales (low WLEIS, low SSEIT) patients were stratified into quartiles: quartile 1, <79,
quartile 11 <110.75 respectively. Also two high score groups of two El scales (high WLEIS, high
SSEIT) patients were stratified into quartiles: quartile 111, >96, quartile IV >134 respectively.

The 78 patients were also assessed for eligibility in order to participate in a 9 month exercise
training program (Flow Chart). Eighteen stable HD patients (15M/3F, 56.7+12.3) completed the 9-
month supervised exercise training program during HD (3 times weekly) which was supervised by
2 specialized exercise trainers. The eighteen patients were divided in 3 groups according to the

WLEIS score into low, medium and high WLEIS score for further analysis (Table 7).

Inclusion & Exclusion criteria

Inclusion criteria were: dialysis for at least six months or more with adequate dialysis delivery
(Kt/V > 1.1), and with Table clinical condition. Exclusion criteria were: patients unable to give
informed consent, opportunistic infection in the last 3 months, malignancy or infection requiring

intravenous antibiotics within 2 months prior to enrollment, with HIV, or musculoskeletal
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contraindication to exercise or requirement for systemic anticoagulation, participating or having
participated in an investigational drug or medical device study within 30 days or five half-lives,
pregnant, breast feed or female of childbearing potential who did not agree to remain abstinent or to
use an accepTable contraceptive regimen. Also, patients who were judged to have clinically
significant abnormalities upon clinical examination or laboratory testing, or who were unable to
adequately cooperate because of personal or family conditions, or those who suffered from a
mental disorder that interferes with the diagnosis and/or with the conduct of the study, e.g.

schizophrenia, major depression, dementia were excluded from this study.

HD procedure

The patients underwent the HD therapy (Fresenius 4008B, Oberursel, Germany) 3 times per week
with low flux, hollow-fiber dialyzers and bicarbonate buffer. The HD session lasted 4 hours. An
enoxaparin dose of 40-60 mg was administered intravenously before the beginning of each HD
session. EPO therapy was given after the completion of HD session in order to normalize
hemoglobin levels within 11-12 (g/dL).

General Study Design

Patients were assessed before (PRE) and after (POST) the 9-month aerobic exercise training
program. Training was implemented during their HD session while the exercise program was
supervised by 2 specialized exercise trainers. Cycle exercise was performed 3 times weekly for 60
minutes each time starting between the first 2hr of HD using an adapted cycle ergometer (Model
881 Monark Rehab Trainer, Varberg, Sweden) at an intensity of 50-60% of the patient’s maximal
exercise capacity, which was estimated during a previous HD session [145, 146]. During and
before release from the HD unit, body mass, systolic and diastolic blood pressures (SBP, DBP) and
heart rate (using the RS800CX, Polar Electro Oy, Kempele, Finland) were monitored and recorded.
Participants’ blood chemistry records were recorded before and at the end of the 9-month study.
Participants were assessed in aspects related to mental and physical health as well as for exercise

and functional capacity.
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Exercise capacity

Using an incremental cycle ergometer test [146] exercise capacity was assessed before, at 3
months, at 6 months and at the end of the 9-month exercise intervention. Values recorded were
used to re-adjust the submaximal training intensity of the intradialytic exercise sessions of this

program.

Functional Capacity

The patient’s functional ability levels were evaluated via a battery of functional tests: Two Sit-to-
Stand tests from which three scores were recorded (time taken to complete 5 sit-to-stands STS-5,

number of repetitions in 30°” STS-30 and number of repetitions in a whole minute, STS-60).

Handgrip strength

Maximum isometric handgrip strength, (HGS), was measured on the non-fistula (dominant) side
[147] before, every hour during a dialysis session and 30 minutes after the end of HD using a
handgrip dynamometer (Charder MG4800 Medical Handgrip Dynamometer, Charder Electronic
Taiwan). The dynamometer was adjusted so that it fits comfortably to subjects palm size. Before
data collection, a warm-up — familiarisation session was performed followed by 2 min rest.
Subjects were instructed to grip the dynamometer and apply maximum force in response to a voice
command. The subjects stood with both arms extended sideways from the body with the
dynamometer facing away from the body. Two trials were performed with a rest period of at least 1
min between trials and the highest HGS value, before and after the HD session, was used in the

analyses.

The patients’ dry weight (ideal weight after removal of excess fluids) was recorded. Together with
patients’ height it was used to calculate body mass index (BMI). Waist and hip peripheries were
measured and the waist to hip ratio (WHR) was calculated. Body composition was assessed using a
whole-body, multi-frequency, bio-impedance spectroscopy system (BCM®, Fresenius Medical

Care, Bad Homburg, Germany), to estimate fat mass (FM), lean tissue mass (LTM), total body

42

Institutional Repository - Library & Information Centre - University of Thessaly
02/05/2024 20:22:24 EEST - 18.222.119.227



water (TBW) and body cell mass (BCM) [148]. The body composition measurements were taken
immediately before the initiation and after the completion of the HD session and with the
participants rested in the supine position. Electrodes were placed on the wrist of the arm without

the arterio-venous fistula as well as on the ipsilateral ankle and connected to the BCM device [149].

Questionnaires
Fatigue

Fatigue was estimated using various questionnaires evaluating chronic and acute aspects of fatigue.
General fatigue was assessed by Fatigue Severity Scale (FSS) [150]. This questionnaire contains
nine statements concerning respondent’s fatigue to measure fatigue severity. For subacute fatigue,
we used the Brief Fatigue Inventory (BFI) [151] which is an instrument that can be administered in
a clinical setting to assess the severity of fatigue experienced by patients, as well as its impact on
their ability to function over the previous 24h. Finally, the Multidimensional Fatigue Inventory
(MFI) [152], which is a 20-item scale designed to evaluate the dimensions of general fatigue,
physical fatigue, reduced motivation, reduced activity, and mental fatigue was applied to the

participants.

Cognitive function

Cognitive Function was assessed by the Mini Mental State Examination questionnaire (MMSE)
[153], which is a brief 30-point questionnaire test and evaluates cognitive impairment. This
questionnaire consists of simple questions and problems in a number of areas: the time and place of
the test, repeating lists of words, arithmetic such as the serial sevens, language use and

comprehension, and basic motor skKills.

Symptoms of Depression

Depressive symptoms were evaluated using the Zung Self Rating Depression Scale (with a score >
44 being considered the cut-off for diagnosis of depression). Moreover, the Beck Depression

Inventory Il (Beck Depression Test, BDT) [154] was used to assess the intensity of depression.

Emotional Intelligence
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Emotional intelligence was assessed by two tests. Firstly, the Schutte Self Report Emotional
Intelligence Test (SSEIT) [155] was used. This instrument is a 33 item self-report where patients
are asked to indicate their responses to items reflecting adaptive tendencies toward emotional
intelligence according to a 5-point scale, with “1” representing strong agreement and “5”
representing strong disagreement.

Secondly, Wong and Law Emotional Intelligence Scale (WLEIS) [156] which is a shorter
instrument, was applied to the participants. This test contains 16 items grouped in four subscales as
follows: (a) self-emotion appraisal (SEA), (b) emotion appraisal of others (OEA), (c) use of
emotion (UOE), and (d) regulation of emotion (ROE).

Pain perception

Each subject was also asked to complete the Fibromyalgia Impact Questionnaire (FIQ) [157]. This
self-administered questionnaire developed to measure fibromyalgia (FM) patient status, progress
and outcomes. The instrument contains 11 questions measuring physical functioning, work status
(missed days of work and job difficulty), depression, anxiety, morning tiredness, pain, stiffness,

fatigue, and well-being over the past week.

Perceived Quality of Life

Quality of life was assessed by the Generic Medical Outcomes Survey 36 Item-Short Form (SF-36)
[158] that contains eight dimensions, generating a profile of health-related quality of life. These
dimensions are: 1) Physical Functioning; 2) Role Limitations due to Physical Functioning; 3)
Bodily Pain; 4) General Health Perceptions; 5) Vitality; 6) Social Functioning; 7) Role Limitations
due to Emotional Functioning; and 8) Mental Health. Total SF36 QoL score ranges from 0
(extremely poor) to 100 (very good). Moreover, the quality of life according to the clinical setting
was evaluated by the Missoula-Vitas Quality of Life Index Version-15R. The MVQOLI is an
assessment instrument that gathers patient - reported information about quality of life during

advanced illness. We used the short version of 15-items questionnaire for dialysis patients [159].

Sleep and sleepiness

Sleep disturbances and usual sleep habits during the preceding month were evaluated by the
Pittsburgh Sleep Quality Index (PSQI), which contains 19 questions [160].
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Furthermore, the HD patient’s daily sleepiness status was assessed by the Epworth sleepiness scale
(ESS) [161]. This scale differentiates between average sleepiness and excessive daytime sleepiness

that requires intervention.

Statistical analysis

Continuous variables were analyzed using independent sample t-test. In case of outcome variables
which changed in the same direction in both the progressive exercise and control groups, between-
group comparisons were also made (comparing A-change values) to evaluate if the change in one
group was significantly greater than that of the other group. Kendall’s correlation test was used to
assess the relationships between the examined variables. For comparing initial and final values (pre
and post exercise training) were performed two-way repeated measures analysis of variance
(ANOVA) All statistical analyses were performed using the SPSS version 18.0 (SPSS Inc.
Chicago, Illinois). Data are presented as mean = SD and the level for statistical significance was set

at p<0.05.
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Results

Flow Chart

[ Enrollment ]

[ Allocation }

[ Follow-Up ]

[ Analysis ]

Assessed for eligibility (n= 78)

Excluded (n= 57)

+ Not meeting inclusion criteria
(n=32)

+ Declined to participate (n=10)

Enrolled (n=21)

Allocated to intervention (n=21)
+ Received allocated intervention

(n=21)

\ 4

Lost to follow-up (hospitalization/refuse

to repeat the tests) (n=3)

A 4

Analysed (n=18)
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Data were analyzed from a total of 78 subjects who enrolled in the study. Table 1 shows the

baseline characteristics of the participants. All the patients successfully completed the

questionnaires and no adverse effects were reported. The mean age of the participants was
60.6+17.2 years old.

Table 1. Patient’s basic characteristics, functional capacity and questionnaires assessment

Variables Pool Data Pre Training Post  Training P
Group Group Value*

M/F 50/28 15/3 15/3

Age 61.2+17.1 56.7£12.3 56.7£12.3

BMI 25.844.9 25.4+4 .4 25.9+4.7 0.080

WHR 1.0+0.1 1.0+0.1 1.0+0.1 0.914

pills/day 7.7+4.7 8.0+5.0 7.6+4.0 0.270

Kt/V - 1.56+0.45 1.48+0.33 0.463

Months 63.4+67.0 52.7447.5 61.7+47.5

in

dialysis

MMSE 25.3£2.9 26.3+£1.9 27.0£2.0 0.010

FSS 4.94+2 .4 3.6+1.3 3.6£1.6 0.989

FIQ 22.5+16.1 14.9+4.6 7.4£5.7 0.000

WLEIS 86.2+12.6 88.449.3 89.4+12.6 0.802

SSEIT 121.5+19.9 128.8+12.7 133.2+16.3 0.438

SF36- 75.9+£89.6 65.9+17.8 66.9+18.1 0.760

Physical

Health

SF36- 66.4+66.6 65.0+11.1 65.0+12.3 0.955

Mental
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Health
SF36-TOTAL
BDI
MVQOL
ESS
PSQI
Pain
BFI

Handgrip Nw

STS 5(sec)

STS30(rep)

STS60(rep)

steps per week

48.7421.5
9.547.4
16.144.3
4.542.6
9.3+4.8
1.743.6
2.742.6
23.5+10.8
(N=38)
10.9+4.4
(N=24)
12.143.5
(N=24)
22.447.1
(N=24)
44102.9+25875.1

(N=78)

70.0+13.1

5.3+4.9

18.3+3.6

4.3£2.6

5.6£3.0

0.1+0.6

1.5<1.1

26.5+8.2

12.7£5.2

11.5£2.4

20.0£5.2

52.583.7£26077

67.0+15.8

6.9+6.4

18.7+£3.2

5.4+£2.8

5.9+4.9

0.1+0.5

1.9£1.8

29.448.2

9.6+3.2

16.1£3.7

28.7£7.6

49507.1+£32312.5

0.418

0.195

0.664

0.328

0.771

0.331

0.332

0.031

0.042

0.001

0.001

0.286

Abbreviations: BMI, Body Mass Index; WHR, Waist to Hip Ration; Kt/V, dialysis efficiency; MMSE,
Mini Mental State Exam; FSS, Fatigue Severity Scale; FIQ, Fibromyalgia Impact Questionnaire;

WLEIS, Wong and Law Emotional Intelligence Scale; SSEIT, Schutte Self-Report Emotional
Intelligence Test; BDI; Beck Depression Inventory; MVQOLI, Missoula-VITAS Quality of Life
Index; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; BFI, Brief Fatigue
Inventory; STS, Sit to Stand.

* Pre Post comparisons
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The results of the correlations between patients’ characteristics and functional capacity are
presented in Table 2-4. At baseline, no significant correlations were observed between patients’
characteristics and EI scores. However, a significant positive correlation between WLEIS scores
and physical health (r = .191 p < .037) as well as between WLEIS and MVQOL (r = .255, p <
.007). ) was observed. In addition, WLEIS was negatively associated with FSS (r = -.215, p <.024)
and MFI (r = -.206, p <.031). Moreover, the SSEIT results was positively associated with MMSE
(r =.268, p <.029), and MVQOL (r = .205, p <.027) scores and negatively correlated with FSS (r =
-.222, p <.018023) and MFI (r = -.255, p < .006) results.
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Table 2. Patient’s basic characteristics, functional capacity and questionnaires assessment

Gender Age BMI WHR pillss§day = monthson  HandGrip
dialysis
WLEIS r=.037 r=-.710 r=-.094 r=.070 r=-.190 r=-.150 r=.091
p=.740 p=.450 p=.350 p=.642 p=.098 p=.195 p=.443
SSEIT r=-.062 r=-.117 r=-.007 r=.006 r=.023 r=.037 r=.070
p=.569 p=.209 p=.942 p=.966 p=.839 p=.745 p=.551

Abbreviations: BMI, Body Mass Index; WHR, Waist to Hip Ration; ABI, Ankle Brachial Index.

Table 3. Correlations between patients’ emotional intelligence tests and questionnaires

MMSE FSS

WLEIS =216  r=-.215(*)
p=081 p=.024

SSEIT  r=.268(*)  r=-.222(%)
p=.029 p=.018

FIQ Physical Mental WLEIS SSEIT
Health Health

r=-.023 r=.191(*) r=.064 r=.407**

p=.848 p=.037 p=.488 p=.000

r=.146 r=.058 r=.050 r=.407**

p=.218 p=.524 p=.579 p=.000

Abbreviations: MMSE, Mini Mental State Exam; FSS, Fatigue Severity Scale; FIQ, Fibromyalgia

Impact Questionnaire; WLEIS, Wong and Law Emotional Intelligence Scale; SSEIT, Schutte Self-

Report Emotional Intelligence Test.* p<0.05, ** p<0.01.
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Table 4. Correlations between patients’ emotional intelligence tests and questionnaires (continue)

BDI MVQOLI ESS PSQI PAIN MFI BFI
WLEIS  r=-.109 r=.255** r=.002 r=-077 r=104 r=-.206* r=-.195
p=.254 p=.007 p=.985 p=.440 p=.421 p=.031 p=.102
SSEIT r=-.140 r=.205* r=-.054 r=-001 r=.145 r=-.255** r=-.031
p=.139 p=.027 p=.576 p=.995 p=.256 p=.006 p=.796

Abbreviations: BDI; Beck Depression Inventory; MVQOLI, Missoula-VITAS Quality of Life Index;
ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; MFI, Multidimensional
Fatigue Inventory; BFI; Brief Fatigue Inventory. * p<0.05, ** p<0.01.

A t-test was conducted in order to determine if significant differences in EI scores between divided
groups existed: low WLEIS, low SSEIT, high WLEIS, and high SSEIT. The EI data are presented
in Table 5. There were no significant differences between the groups in functional capacity tests
performed. It was also observed, that MMSE score was higher in the high WLEIS group [M (high
El WLEIS) =26.7, SD = 1.5, p=.011] than low WLEIS group [M (low ElI WLEIS) = 25.0, SD =
3.1, p=.011]. Also, scores of quality of life (MVQOL) had significant differences between WLEIS
group patients, namely higher quality of life corresponded to high WLEIS scores [M (high EI
WLEIS) = 18.6, SD = 3.8, p=.013)] and poor quality of life represented lower WLEIS scores [M
(low EI WLEIS) = 15.6, SD = 4.1, p=.013].

There was a statistically significant difference between the general perceptions of fatigue scores
(FSS, BFI) and divided groups of EI regarding the WLEIS scores (Table 5). Furthermore, it was
observed that patients with lower EI score showed higher score in general fatigue. Specifically, FSS
score was higher in the low WLEIS group [M (low EI WLEIS) = 5.2, SD = 2.5, p=.044] than in the
group with high WLEIS score [M (high EI WLEIS) = 3.9, SD = 1.9, p=.044]. BFI score was
correspondingly high in the low WLEIS group [M (low EI WLEIS) = 3.0, SD = 2.7, p=.011] than
in the WLEIS group [M (high EI WLEIS) = 1.4, SD = 1.3, p=.011].
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Taking into account the differences in the questionnaires score regarding the EI status in the HD
patient’s groups, MMSE score observed increased in the group with high score in the SSEIT [M
(high EI SSEIT) =26.8, SD = 2.5, p=.046] while the group with low SSEIT score had low score at
the MMSE [M (low EI SSEIT) = 25.0, SD = 2.9, p=.046]. In addition, there was a statistically
significant difference between the general perceptions of fatigue scores (FSS, MFI) and divided
groups of El (Table 5). Patients with low EI status showed higher scores in the general fatigue.
Specifically, FSS score was higher in the group with low SSEIT score [M (low EI SSEIT) = 5.1,
SD = 2.6, p=.015] than in the group with high SSEIT score [M (high EI SSEIT) = 3.9, SD = 1.8,
p=.015]. Furthermore, MFI score still was correspondingly high in the low SSEIT group [M (low
El SSEIT) = 61.9, SD = 19.1, p=.008] than high SSEIT group [M (high EI SSEIT) = 47.9, SD =
16.6, p=.008].

Table 5. Basic characteristics, functional capacity and questionnaires data divided in two groups

according to scores in the two Emotional Intelligence questionnaires

Variables Low El High EI  Low EI High EI P value
SSEIT SSEIT  WLEIS WLEIS
N 54 16 58 17
Gender (M/F) 37/17 10/6 41/17 9/8 0.672
0.213
Age 61.3£17.9 56.9+15.1 62.3+16.8 56.7+17. 0.337
9 0.259
BMI 26.8+4.9 24.1+4.7 26.3+£5.1 24.4+4 .2 0.069
0.125
WHR 1.0+0.1 1.0+£0.4 0.9+0.1 1.0+£0.3 0.648
0.409
ABI 1.0+0.1 1.0+£0.2 1.0+0.1 1.0+0.1 0.765
0.337
Months in 69.4+76.4 53.6+37.9 72.1+73.7 45.3+45.9 0.338
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Dialysis
Hand Grip
(Newton)

23.7£11.1

Questionnaires

WLEIS

SSEIT

MMSE

FSS

MFI

BFI

Physical
Health
(SF36)
Mental
Health
(SF36)

MVQOL

BDI

ESS

PSQI
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84.4+13.2

114.7+17.3

25.0£2.9

5.1£2.6

61.9+
19.1

2.6+2.6

82.0+93.4

69.4+74.3

16.0+4.2

9.9+7.5

4.5+£2.5

8.5£5.3

26.4£10.4

93.4+8.4

143.94+6.8

26.842.5

3.9+1.8

47.9+£16.6

2.5+2.6

55.94+36.8

65.4+49.5

17.8+4.3

7.3£7.1

4.343.0

8.6+4.7

23.8+11.0

82.3+11.7

117.8+20.
5

25.0+3.1

5.242.5

60.8+19.0

3.0£2.7

66.9+80.8

70.7+74.9

15.6+4.1

9.8£7.4

4.242.5

8.5+£5.0

26.1£10.6

99.4+2.8

133.6+10.9

26.7£1.5

3.9+1.9

51.7+18.6

1.4+1.3

96.7+85.6

55.3424.7

18.6+£3.8

7.4+6.7

4.9+2.9

8.2+5.5

0.125
0.461
0.493

0.003 **
0.000**
0.000**
0.000**

0.046 *
0.011*
0.045*
0.044 *
0.008 **
0.095

0.912
0.011*
0.100
0.213

0.805
0.185

0.144
0.013*
0.221
0.226
0.839
0.437
0.940
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0.865

FIQ 22.4+15.7 25.2+18.0 24.1+£16.9 19.6+13.3 0.653
0.341
PAIN 1.6£3.5 2.4+3.4 1.6£3.5 2.1+4.0 0.512
0.658

Abbreviations: BMI, Body Mass Index; WHR, Waist to Hip Ration; ABI, Ankle Brachial Index;
WLEIS, Wong and Law Emotional. Intelligence Scale; SSEIT, Schutte Self-Report Emotional
Intelligence Test; MMSE, Mini Mental State Exam; FSS, Fatigue Severity Scale; MFI,
Multidimensional Fatigue Inventory; BFI; Brief Fatigue Inventory; MVQOLI, Missoula-VITAS
Quality of Life Index; FIQ, Fibromyalgia Impact Questionnaire; BDI; Beck Depression Inventory;
ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; FIQ, Fibromyalgia Impact

Questionnaire. .* p<0.05, ** p<0.01.

The subset of 18 patients completed the exercise intervention. Their mean age was 56.7+12.3 years
(15 males) and their mean duration in HD treatment was 61.7+47.5 months. There were no
significant differences between pre and post exercise training in sum scores of WLEIS (88.4+9.3 vs
89.443.0, p=0.802) and SSEIT (128.8+12.7 vs 133.2+16.3, p=0.438) (Table 6).

Table 6. Effect of 9 months exercise training on the Emotional Intelligence questionnaires

Pre Post p values
Training Training
N 18 18
WLEIS 88.4+9.3 89.443.0 0.802
SSEIT 128.8+133.2 133.2+16.3 0.438

Abbreviations: WLEIS, Wong And Law Emotional Intelligence Scale; SSEIT, Schutte Self-Report

Emotional Intelligence Test

Two-way repeated measures analysis of variance (ANOVA) were conducted to determine if there

were significant differences in WLEIS EI test between divided groups: low WLEIS, medium
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WLEIS, high WLEIS. The EI data are presented in Table 7. Low WLEIS has significant difference

post exercise training compare to the baseline value (73.0+4.0, p=0.020).

Table 7. Effect of 9 months exercise training on the Emotional Intelligence questionnaire WLEIS.

Data divided in three groups according to scores in the Emotional Intelligence test

Low Medium High p values
N 3 11 4
Pre WLEIS score  73.0+4.0 88.6+4.7 99.242.6 0.020
Post WLEIS score  98.7+7.0* 85.7£14.0 92.5+7.9 0.541
Delta changes 25.7+6.4 -2.9+£15.2 -6.7£5.9 0.106

Abbreviations: WLEIS, Wong and Law Emotional Intelligence Scale * Pre Post differences, **

Between groups

No correlation was observed between functional and emotional intelligence indices (Table 8).

Table 8. Correlations between patients’ emotional intelligence and functional ability after the 9

months training

STS5(sec) STS30(rep) STS60(rep)
WLEIS r=.032 r=.108 r=.098

p=.845 p=.528 p=.556
SSEIT r=-.048 r=.285 r=.290

p=.77 p=.096 p=082

Abbreviations:WLEIS, Wong and Law emotional intelligence scale; SSEIT, Schutte Self-Report
Emotional Intelligence Test; STS; Sit-To-Stand,
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In addition, after 9 month of exercise training, no relations between emotional intelligence and

body composition indices were found (Table 9).

Table 9. Correlations between patients’ emotional intelligence tests and body composition indices

Total Fat TTBW LTM BCM
(kg) L (kg) (kg)
WLEIS r=-.165 r=.088 r=.077 r=.088
p=.412 p=.661 p=.702 p=.661
SSEIT r=-.067 r=-.157 r=.045 r=.056
p=.741 p=.440 p=.826 p=.783

Abbreviations:WLEIS, Wong And Law Emotional Intelligence Scale; SSEIT, Schutte Self-Report
Emotional Intelligence Test; TBW, Total Body Water; LTM; Lean Tissue Mass; BCM, Body Cell

Mass.
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Discussion

This study investigated whether a relationship between El, functional capacity, cognitive function,
fatigue and quality of life in HD patients existed and whether an exercise training program could
change the level of El in patients receiving HD therapy. The results of this study revealed that a
significant correlation among EI and quality of life, fatigue and cognitive function in HD patients
existed. However, nine months of exercise training during HD therapy were not enough to induce
changes in EI status in these patients.

The relation between EI status and quality of life has been investigated in other patients with
chronic diseases. Specifically, similar results have been reported by Yalcin et al who examined the
effect of an EI program on the health-related quality of life and well-being in patients with type 2
diabetes. The authors found that a 12-week EI program had a positive impact on participants’
quality of life, wellbeing, and EIl status [162]. Moreover, in another study by Rey et al, who
examined the relationship between El and health-related quality of life in patients with cancer,
found that EI predicted different health-related quality of life dimensions. The results of this study
revealed a psycho-educational approach of EI, which could preserve or improve health-related
quality of life of cancer patients [140]. More recently, a study by Benzo et al [163], who examined
the association between EI status and quality of life in Chronic Obstructive Pulmonary Disease
(COPD), confirmed the EI beneficial impact on patients quality of life. According to these authors
El is an ability, which can be learned, and could be a complementary, non-expensive tool to the
rehabilitations programs aiming to improve the low levels of quality of life that patients with

chronic diseases experience.

Furthermore, an association between El and fatigue in HD patients was found in this study. Studies
have shown that higher El status was associated with less fatigue in healthy subjects [164].
Specifically, Brown and Schutte who assessed EI status in university students in combination with
the psychosocial variables of depression, anxiety, optimism, internal health locus of control,
amount of social support, and satisfaction with social support, indicated that EI and fatigue had an
impact on each variable [164] . Indeed, previous studies which examined the relationship between
El and depression, revealed that a significant negative relationship between EI and depression exist
[165]. Specifically, Downey et partners (2008) who investigated whether an association between EI

and depression’s clinical diagnosis existed, demonstrated that measurement of EI has a predictive
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value for assessing patients with high risk for developing depression [165]. Furthermore, the
negative relationship between EI and depression has been observed and among adolescents [166].
Specifically, a recent study by Balluerka et al demonstrated that high levels of emotional clarity and
repair were related to lower levels of depressed mood in adolescents [167]. In addition, another
study by Vlachaki et al (2013), who examined the relationship between different dimensions of El
and coronary heart disease, found that facets of trait EI were associated with high incidence of
coronary heart disease [168].

A correlation between EI and cognitive function was found in this study, indicating that patients
with higher EI score, revealed higher score in MMSE. Previous findings from other studies have
supported that people with higher EI are most likely to perform higher score on a cognitive task
[169] Moreover, individuals who confronted with difficulties in a cognitive task, they were able to

ward off the detrimental emotional effects of difficulties and persist on the task [169].

However, nine months of exercise training were not enough to improve the El status of the HD
patients. These results could be attributed to the fact that the exercise intensity was low, between
50-60% of the patient’s maximal exercise capacity. Regarding the association between EIl and
physical activity, a contemporary review by Grigoriou et al (2012), demonstrated that EI is
positively related with good health and exercise habits. Most specifically participation in vigorous
and moderate physical activities seems to have a positive effect on EI [170]. Solansky and Lane
(2010) have supported that exercise beneficially regulates mood and this mood improvement had a
positive impact on EI status. These authors suggested that exercise training could improve mood
and accordingly increase EI scores [171]. EI could be developed and learned at any time or age and
in combination with exercise training programs could increase wellbeing and better emotional

regulation in patients with chronic diseases [163].
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Conclusions

The results of this study indicated that EI could be considered as a valuable tool for the
determination of the high risk for hospitalization and mortality patients. In summary, less of fatigue
may be an indicator of high EI patients. Some psychological variables showed a negatively
association with high EI score in HD patients and also help predict patients with high levels of
quality of life. A better understanding of the interactions between factors that influence EI and
functional capacity may help researchers to develop interventions for the quality of life

improvement among dialysis patients.

Even though the EI is a construct that has not been recognized yet as a useful tool in healthcare,
future research is needed to focus on healthcare aspects [172]. El as a multi-dimensional construct
could have an important role in public health enhancing the relationship between clinician-patient
with little or no communication gap [173], with patients feeling empowered, knowledgeable, and it
control of their health [174, 175] and feeling treated holistically in superior quality of healthcare
[176, 177].

This is the first study which examined the association of end stage renal disease and EIl, and
evaluated the effect of exercise training program on EI patients’. Although we did not found any
significant change of El in this population further research is needed to estimate the beneficial
effects of long term exercise training programs on emotional status in other clinical populations and

focus on the implications of El in the clinical domain.
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Research Paper 2: A Single Bout of Intradialytic Exercise and its effects on

Myocardial Stunning
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Abstract

Introduction: Chronic kidney disease is a “silent epidemic” affecting up to 10% of the EU population.
Cardiovascular diseases are the main cause of mortality in end-stage renal disease (ESRD) patients,
especially those receiving hemodialysis (HD) therapy. One side effect of HD is recurrent myocardial
ischemia and global or segmental left-ventricular dysfunction known as myocardial stunning which is
associated with intradialytic hypotension, long-term loss of systolic function, and high incidence of
cardiovascular events and death. Exercise training has beneficial effect for cardiovascular fitness and
reducing mortality in ESRD. Whether there is an acute benefit of exercise during HD on a reduction in

myocardial stunning is not known.

Aims: The aim of the current study was to investigate whether a single bout of intradialytic exercise

could attenuate myocardial stunning observed during HD session.

Methodology: Twenty one stable HD patients participated in the study. All participants completed two
different HD trials on two different days, separated by one week: (1) normal HD and, (2) HD including a
single bout of intradialytic exercise. Echocardiographic assessment of ejection fraction was completed
before HD, half an hour before the end of HD and 30 min after the end of HD. Echocardiographic scans
were performed using an IE33 echocardiographic system. All images were acquired with the subject
lying in the left lateral decubitus position with a 2.5 MHz transducer. Myocardial stunning was assumed
when a >20% reduction in ejection fraction was observed. Generalized linear model (GLM) repeated

measures were used to compare the 2 trial days.

Results: Cohort data for ejection fraction were not different between trials and did not change across time
in either the HD or HD plus exercise trial. Cohort data for the change in ejection fraction from baseline to
during HD did mask considerable inter-individual variability (HD - 0+15; HD plus exercise (-2+20).

Despite this the variability was not mediated by the addition of intradialytic exercise.

Conclusions: A single bout of intradialytic exercise did not attenuate or augment myocardial stunning
often seen at the end of HD. It is important to determine whether chronic exercise training could attenuate

the severity of myocardial stunning often observed in HD patients.
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Introduction

It is well known that undergoing HD patients show a strong risk of cardiovascular disease [87].
Cardiovascular events are a common cause of mortality in these patients [79].. Diabetes, hypertension,
prolonged anemia arterial calcification and electrolyte imbalance are some factors that could predispose

to cardiovascular mortality in patients undergoing HD [81].

In a study performed by Mcintyre and colleagues divided the pathogenesis of Heart Failure (HF) in these
patients. Intradialytic myocardial stunning (ischemia-mediated temporary reduction in cardiac function)
may over time lead to irreversible fibrotic changes and chronic HF, arrhythmias, and sudden cardiac
death (SCD) [178].

Also, pediatric study reported that even children who receive HD experience dialysis-induced myocardial
stunning [179]. That means that the majority of undergoing HD patients show significant cardiac
dysfunction regardless of age and cardiovascular risk profile [180]. Numerous studies enhanced the many
beneficial effects of exercise in HD patients. Specifically exercise during HD sessions has improved
some indicators of cardiac and SCD [181] and seems to enhance muscle wasting, self-reported physical
function [65, 182, 183]. Still dialysis efficacy (measured by KT/V) and QOL have shown
improvement[184]. It’s important to clarify the importance of sustaining exercise program during in
dialysis routine care resulting in improvement of psychological and physical sides effects in this
population[185]. Whether there is an acute benefit of exercise during HD on a reduction in myocardial
stunning is not known. The aim of the current study was to investigate whether a single bout of

intradialytic exercise could attenuate myocardial stunning observed during HD session.
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Methodology
Ethics Statement

The study was approved by the Human Research and Ethics Committee of the University of Thessaly,
and by the bioethics committee of the University General Hospital of Larissa, and the General Hospital of

Trikala, Greece. All patients gave their written informed consent prior to study participation.

Study population

Seventy eight patients were assessed for eligibility while only twenty one HD patients (17M/4F,
56+19years) participated in the study (Flow Chart). Patients were recruited from the HD unit of the local

hospitals and all testing was performed on site in the hospital.

Inclusion & Exclusion criteria

Inclusion criteria were: dialysis for at least six months or more with adequate dialysis delivery (Kt/V >
1.1), and with stable clinical condition. Exclusion criteria were: patients unable to give informed consent,
opportunistic infection in the last 3 months, malignancy or infection requiring intravenous antibiotics
within 2 months prior to enrollment, with HIV, or musculoskeletal contraindication to exercise or
requirement for systemic anticoagulation, participating or having participated in an investigational drug
or medical device study within 30 days or five half-lives, pregnant, breast feed or female of childbearing
potential who did not agree to remain abstinent or to use an acceptable contraceptive regimen. Also,
patients who were judged to have clinically significant abnormalities upon clinical examination or
laboratory testing, or who were unable to adequately cooperate because of personal or family conditions,
or those who suffered from a mental disorder that interferes with the diagnosis and/or with the conduct of

the study, e.g. schizophrenia, major depression, dementia were excluded from this study.
Study Design

Patients were assessed under two different scenarios taking place one week apart on the same day of

dialysis (2™ dialysis session): Scenario 1: normal HD and Scenario 2: HD including a single bout of
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intradialytic exercise. The order of the two scenarios was randomly applied in all patients. In scenario,
cycle exercise was performed between the first and second hour of the dialysis using an adapted bicycle
ergometer (Model 881 Monark Rehab Trainer, Varberg, Sweden) at an intensity of 50-60% of the

patient’s maximal exercise capacity (W), which was estimated during a previous HD session [145].

HD procedure

The patients underwent the HD therapy (Fresenius 4008B, Oberursel, Germany) 3 times/week with low
flux, hollow-fiber dialysers and bicarbonate buffer. The HD session lasting approximately 4 hours. An
enoxaparin dose of 40-60 mg was administered intravenously before the beginning of each HD session.
EPO therapy was given after the completion of HD session in order to normalize hemoglobin levels
within 11-12 (g/dL).

Protocols: Body composition

Body composition was measured by a whole-body multi-frequency bio-impedance spectroscopy system
(BCM®, Fresenius Medical Care, Bad Homburg, Germany). This estimates fat mass (FM), lean tissue
mass (LTM), total body water (TBW) and body cell mass (BCM) [148]. The body composition
measurement were taken immediately before HD session while the participants were rested in the supine
position. Electrodes were placed on the wrist of the arm without the arterio-venous fistula and on the

ipsilateral ankle and connected to the BCM device [149].

Echocardiography

Echocardiographic scans were performed using an iE33 echocardiographic system (Philips Medical
Systems, Andover, MA, USA). All image acquisitions were made with the subject lying in the left lateral
decubitus position using a 2.5 MHz transducer. For each patient, > 3 consecutive beats were analyzed in
each scan, and the mean value was used in the subsequent statistical analysis. All echocardiograms were
performed by the same experienced echocardiographer. For the recording of HR, a single lead ECG
inherent to the echocardiographic system was used. Left ventricular dimensions were determined from 2-
dimensional guided M-Mode images according to the recommendations of the American Society of

Echocardiography (ASE) for chamber quantification, [186] using the parasternal long-axis acoustic
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window. LV mass was calculated from M-Mode traces at the level of mitral valve and determined in g by
using the recommended ASE formula. LV mass index was calculated by dividing LV mass by body
surface area (using the DuBois and DuBois formula) and height [187] to minimize effects of age, gender,
and overweight status [186]. For the assessment of LV diastolic function, the transducer was applied
apically (4-chamber view) whilst a pulsed wave Doppler sample volume (4 mm) was located at the tips
of the mitral valve leaflets. Doppler gain, pulse repetition frequency, and high-pass filter were all
adjusted in order to maximize the signal to noise ratio. The following parameters were evaluated: early
peak flow velocity (E), late peak flow velocity (A); thus the ratio of E to A was calculated. The primary
outcome variable was ejection fraction (EF) and change in ejection fraction (AEF) from baseline to
intervention. Ejection fraction was calculated using the biplane Simpson’s method from 2-dimensional
apical 2- and 4- chamber orientation to evaluate the patient’s systolic function. Myocardial stunning was
assumed when a >20% reduction in AEF was observed. Tissue Doppler velocities were assessed at the
basal septum, using pulsed-wave tissue Doppler imaging. The sample volume (2 mm) was placed at the
basal septum at the level of the mitral annulus ring in parallel to the longitudinal movement of the
septum. The high-pass filter was bypassed, and gains were set to a minimal value to obtain the best signal
to noise ratio. Peak systolic (S’) as well as early diastolic (E’) and peak late diastolic (A’) myocardial
tissue velocities were assessed and the E’/A’ ratio was calculated. In addition, the conventional Doppler

E to tissue Doppler E’ ratio (E/E’) was calculated.

Blood Chemistry

Routine monthly laboratory results were recorded including c reactive protein, ferritin, iron, hematocrit,
and hemoglobin. The analyses were performed at the clinical biochemistry lab of the University Hospital

of Larissa under standard hospital procedures.

Statistical analysis

The results are expressed as mean + SD. Statistical analysis was performed using two-way repeated
measures analysis of variance (ANOVA). The Pearson product-moment correlation was used to assess
the relationship between the body composition and echocardiographic indices. All the statistical analysis

was performed using the Statistical Package for the Social Sciences (SPSS for Windows, version 18.0,
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Chicago 11). Differences were considered
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significant

when

P<0.05.
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Results

Flow Chart

[ Enrollment ] Assessed for eligibility (n= 78)

Excluded (n=56)

+ Not meeting inclusion criteria (n=32)

A 4

+ Declined to participate (n=9)

+ Other reasons (n= 15)

Enrolled (n=22)

l

Allocated to intervention (n=22)

[ Allocation ] + Received allocated intervention (n=22)

\ 4

Lost to follow-up (hospitalization) (n=1)

[ Follow-Up ]

A 4

] Analysed (n=21)

[ Analysis
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Patient basic characteristics are presented in Table 1. All twenty one stable hemodialysis patients who

participated in the study completed both scenarios without any adverse effects.

Table 1. Hemodialysis patient basic characteristics

Variables Values

N 21
Female/Male 4/17
Age (yr) 56£19
Weight (kg) 77.8+18.5
Height (m) 1.69+0.10
BMI (kg/m?) 27.146.2
WHR 1.02+0.12
Steps per week 48250.6+26371.2
Months in dialysis 40+44
Kt/V 1.48+0.30
CRP(mg/dL) 3.2+4.2
HCT 34.843.8
Hb(g/dL) 11.3£1.2
Iron(pg/dL) 65.3+48.5
Ferritin (ng/mL) 1121.2+£942.7
TBW (L) 35.1£7.2/
Total Fat (kg)* 23.7+12.8
LTM (kg)* 42.3+10.4
BCM (kg)* 24.0 £7.0

All data are mean = SD. BMI, body mass index;, WHR, waist to hip ratio,; Kt/V, dialysis efficiency; CRP,
C Reactive Protein; HCT, hematocrit; Hb, hemoglobin; TBW, total body water; LTM, Lean

Tissue Mass; BCM, Body cell mass

Institutional Repository - Library & Information Centre - University of Thessaly

02/05/2024 20:22:24 EEST - 18.222.119.227

69



Echocardiographic indices of LV structure at baseline between the two different scenario days are
presented in Table 2. No differences were observed for any variable at baseline before the initiation of
dialysis between the two scenario days.

Table 3. Echocardiographic indices of LV structure at baseline between the two different trial days

Parameter Scenario Values p value

IVSTd (mm) No Exercise 12+2 0.443
Exercice 11+2

LVPWTd (mm) No Exercice 11+2 0.952
Exercice 12+3

LVmass (g) No Exercise 57+9 0.283
Exercise 55+ 15

LVmass/BSA (g/m?) No Exercise 31 +4 0.289
Exercise 29 +£8

LVmass/height(g/m®™)  No Exercise 14+ 4 0.277
Exercise 14+4

All data are mean = SD. IVSTd, interventricular septum thickness in diastole; LVPWTd, left ventricular

posterior wall thickness in diastole; LV, left ventricle; BSA, body surface area.

LV loading and functional data across both trials are presented in Table 3. Pre-dialysis LVIDd values
were not different between the two trials. There was a significant main effect for time as LVIDd was
reduced by c¢.2-3 mm in both trials during dialysis with a return to baseline during recovery EF did not
change across both trials (Table 2, Figure 1). Similarly the change in EF from baseline to peak dialysis
was not different from zero although some individual variability was noted. (Table 2, Figure 2). Of the
systolic functional variables only S’ presented with a significant main effect for time (with an increase

during dialysis and recovery in both trials compared to baseline).

Indices of diastolic function are also presented in Table 3. There was a significant main effect of time for

E, Aand A’. Data for E were reduced during dialysis compared to baseline in both trials with only a
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partial return recovery at the post-dialysis assessment. The same pattern was observed for A with
absolute changes slightly smaller. Data for A’ increased slightly at post assessment when compared to
baseline and during dialysis time-points. All other variables did not change across either time point.
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Table 2. Echocardiographic data for loading, systolic and diastolic function at baseline, during and post

dialysis in the two scenario.

Parameter Scenario Baseline During Post

Preload

LVIDd (mm) No Exercise ~ 47+6 4546 46+5
Exercise 46+6 4345 45+5

Systolic Function

EF (%0) No Exercise 51 +8 5448 50+10
Exercise 5012 5349 49+13

A EF (peak No Exercise 226+9.5

dialytic stress) Exercise 5.74 £13.18

S’ (m/s) No Exercise  0.08+0.01 0.1140.02* 0.110.02"
Exercise 0.09+0.02 0.11£0.02 0.1140.02

Diastolic Function

E (m/s) * No Exercise  0.87+0.26 0.62+0.13 0.70+0.16
Exercice 0.88+0.18 0.64+0.11 0.73+0.12

A (mls) * No Exercice  0.92+0.37 0.82+0.35 0.84+0.34
Exercice 0.93+0.31 0.78+0.32 0.80+0.32

E/A No Exercice  1.00+0.34 0.85+0.32 0.94+0.38
Exercice 0.97+0.19 0.93£0.29 1.04+0.41

E’ (m/s) No Exercise  0.09+0.02 0.08+0.02 0.09+0.03
Exercise 0.09+0.02 0.09+0.03 0.08+0.03

A’(m/s) * No Exercise  0.09+0.02 0.08+0.02 0.09+0.02
Exercise 0.09+0.02 0.09+0.02 0.10£0.02

E/A° No Exercise  1.12+0.50 1.03+£0.48 1.06+0.54
Exercice 1.01£0.40 1.04+0.46 0.84+0.40

E/E’ No Exercice  10+£5 945 843
Exercice 11+5 8+3 10+5

All data are mean + SD. A, delta, EF, ejection fraction, S°, annular systolic tissue velocity, E, transmitral
doppler early diastolic wave; A, transmitral doppler atrial diastolic wave; E/A, ratio of E and A wave

peak velocities; E’, annular early diastolic myocardial velocity;, A’, annular late diastolic myocardial

72

Institutional Repository - Library & Information Centre - University of Thessaly
02/05/2024 20:22:24 EEST - 18.222.119.227



velocity; E’/A’, ratio of early to atrial diastolic myocardial velocity; E/E’, ratio of transmitral blood flow
velocity to tissue doppler velocity. *Significant main effect of time

* Significant main effect of time.
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Fig. 1. Ejection Fraction (EF%) at baseline, during and post dialysis with and without the implemented

exercise session.
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Fig. 2. AF (peak dialytic stress) during dialysis with and without the implemented exercise session.
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Discussion

In this study we attempted to investigate the effect of acute exercise on myocardial stunning in
hemodialysis patients. There is evidence showing that heart failure is common in HD patients increasing
cardiovascular events [188]. Myocardial stunning is common in HD patients, and may contribute to the
development of heart failure increasing the mortality in this population. Interestingly, myocardial
stunning seems not to be an increased risk on peritoneal dialysis patients despite changes in systemic
hemodynamics [189]. Intradialytic recurrent myocardial stunning can cause irreversible fibrotic changes
leading to chronic heart failure, arrhythmias and sudden cardiac death [190], that usually has high risk
during or after an hemodialysis session. In one study, Jefferies and colleagues found that more frequent
hemodialysis associated with decreased incidence of myocardial stunning [191]. In a study performed by
Momeni and colleagues (2014) evaluating the relationship between the intradialytic exercise and
echocardiographic indices in HD patients found that cardiac systolic and diastolic function in these
patients had been improved during HD session [80]. Specifically researchers found an improvement of
Left Ventricular Ejection Fraction (LVEF), diastolic function and mitral valve minimum pressure in HD
patients after exercise program [80]. Also there are some studies with different results. Previous study of
Deligiannis and colleagues (1999) concluded that that supine sub-maximal intradialytic exercise
improved the LVEF and maximal oxygen consumption [192] while another study resulted in increasing
of cardiac output and decreasing of relative blood volume after intradialytic exercise program [193].
Finally even though the majority of previous studies have shown the beneficial effect of exercise training
not only cardiovascular system [183] but also on dialysis efficacy and QOL [194, 195] still-there are
many practical burdens to the clinical staff where hesitate to incorporate an intradialytic exercise program
into routine clinical practice. Our study is the first to investigate whether exercise training could induce
any acute or adverse effect in cardiac functionality and morphology. In the current study no significant
changes or adverse effect were found between the two different conditions in Left Ventricular structural
data and Ejection Fraction rate implying that the HD-induced myocardial stunning did not change by the
implementation of an exercise session. It seems that a single bout of intradialytic exercise is not enough
to affect myocardial stunning often seen in hemodialysis patients however, a more intense exercise

session could have induce larger changes in the heart.
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Conclusions

It seems that our study is the first one to show that a single bout of intradialytic exercise did not affect
myocardial stunning often observed in hemodialysis patients. Our data support the notion that aerobic
exercise training during hemodialysis is a safe and a well tolerable non-pharmacological approach and

does not impose any harmful or adverse effect to patients health or to the hemodialysis therapy per se.
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Research Paper 3: The effect of a 9 month intradialytic exercise program on the

quality of life, physical performance and fatigue symptoms in hemodialysis patients
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Abstract

Introduction: Hemodialysis (HD) patients suffer from generalized weakness, exercise intolerance and
muscle atrophy, all leading to a generalized fatigue and a lack of energy. The mechanisms underlying
fatigue in these patients are not well understood but from our previous work it has been shown that these
should include both intramuscular and central activation failures. Recently it has been shown that the
observed impaired daytime functional performance and excessive fatigue do not depend only on muscle
atrophy and weakness but are also associated with other factors such as lack of restorative sleep, duration
of dialysis sessions, excess weight before dialysis, poor nutritional status, restless legs syndrome and
overall mental status of the patients. These factors primarily affect the HD patients’ life quality, leading to
a vicious circle of fatigue due to inactivity and further inactivity due to fatigue. It is evident that these
patients are spending at least 50% of their time, in a functionally “switch off” mode with their fatigue

sensations reaching a peak in the immediate hours after the dialysis session.

Aims: The aims of the current study was to assess the effectiveness of a nine month intradialytic exercise
program on fatigue symptoms occurring during and after hemodialysis session as well as on functional

capacity and quality of life in patients receiving hemodialysis therapy.

Methodology: Twenty stable hemodialysis patients were included in the study (59+13.7 years 16 males).
All participants completed a 9-month supervised exercise training program during HD (3 times weekly).
Fatigue, sleep quality, depression levels and daily sleepiness status were assessed via validated
questionnaires, while functional capacity assessed by a battery of tests, before and after the intervention

period.

Results: After the nine month aerobic exercise training intervention, exercise capacity increased by 65%
and functional capacity by an average of 40%. Regarding the post dialysis fatigue questions, patients
reported feeling better post dialysis after 9 months of exercise training program in the question 1 (p=0.00),
question 3 (p=0.009) and question 4 (p=0.003). Nine months of exercise training increased cognitive
function (p=0.037) and vitality (p=0.05) while depressive (p=0.00) and fatigue symptoms (p=0.039) were

found to be significantly improved.

Conclusions: Our study showed that a 9-month aerobic exercise training program improved exercise

capacity, depression score and cognitive function followed by a reduction in the severity and the duration
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of Post-Dialysis fatigue symptoms while improving the general perception of fatigue. Exercise training is
a safe and effective non pharmacological approach to ameliorate fatigue symptoms in HD patients.

Introduction

According to the National Kidney Foundation End Stage Renal Disease (ESRD) is a global health
problem [196] and an irreversible progressive condition responsible for high morbidity and mortality
[197]. Fatigue is experienced by many patients with a prevalence ranging from 60% to 97% and can be
predictor of cardiac events [15]. As in other conditions, in ESRD as well fatigue is often viewed as
having a dual nature: central vs. peripheral, brain vs. muscle, physical vs. mental etc. however it has been
argued that fatigue in HD patients is more of a ‘syndrome’ than a single symptom with a complexity and
persistence not easily relieved [12]. The hemodialysis (HD) procedure maintains end-stage kidney failure
patients alive but as it cannot substitute for a healthy kidney, it heavily taxes the patient’s physiology.
With regards to skeletal muscle HD patients demonstrate severe atrophy, fat infiltration, and other
abnormalities [109]. With regards to cardiovascular health, hemodialysis-induced cardiac injury may
trigger intradialytic and post-dialytic arrhythmias [198]. With regards to mental and emotional health,
HD patients face an uphill struggle with diminished autonomy and quality of life, often reflected in
depression [199] as they enter the vicious cycle of inactivity fed fatigue which leads to diminishing

functional capacity.

According to Sakkas and Karatzaferi 2012, fatigue is “the inability of sustaining an effort either mentally
or physically or both while signs and symptoms may be interconnected in a way not always clearly
defined ” [12]. The causes of fatigue in HD patients are not well understood but it is been shown that
these would include both peripheral (muscular) and central activation failures [200]. HD patients exhibit
low levels of physical activity and low functional capacity [201]. Patients report generalized weakness,
show exercise intolerance, and muscle atrophy [98], factors that all contribute to an augmented
generalized sense of fatigue [13]. Moreover, very often HD patients complain of “brain fogginess” and
lethargy [202] especially in the hours post dialysis [203], while ~50% reporting low sleep quality and
daily sleepiness [111, 204].

Depending on the assessment tools and the dialysis modality in general undefined fatigue in HD patients
has a prevalence from 30 to 80% [132]. Irrespective of instrument used, the average score of fatigue in
HD patients is the worst of all chronic disease patients [205] even those with severe depression [206],

chemotherapy patients [207], and lupus patients [208].
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A factor sometimes overlooked by a patient’s environment is that the HD procedure per se [e.g., duration
of dialysis sessions [202] etc.,] contributes to fatigue and thus the HD related fatigue adversely affects
patients’ quality of life [10, 14, 18, 202].

It is noteworthy that one third of HD patients report that they feel worse in the immediate hours after the
dialysis session while one out of four reports severe or very severe intensity of fatigue after dialysis [10].
The severity of “Post-dialysis Fatigue” symptoms could range from mild to severe and can last from a

few hours after the dialysis procedure up to until the next day [209] or for a “very long time” [10].

When HD patients spent a large proportion of their time in a state of fatigue and since they perceive
fatigue (whether in dialysis or in non-dialysis days) as an important barrier in pursuing various life
activities [112], the presence of fatigue adversely affects their physical activity levels. Moreover, patients
undergoing HD have a high risk for cognitive decline. Conde and her partners found that HD patients
presented lower scores at the executive function, attention and memory, with overall cognitive decline
being related to the mental aging process [210]. It is not known if cognitive function may contribute to

fatigue or if it can be improved by the application of an exercise intervention program.

Moreover, it is not known if emotional intelligence may play a role in fatigue in HD patients. In COPD
patients, emotional intelligence was found to be significantly associated to all aspects of quality of life,

including fatigue [163].

Delineating fatigue aspects is a difficult task. Many instruments exist, ranging from direct questions to
assess the presence of the fatigue sensations [150] to complex questionnaires [211]. Relating fatigue
symptoms to physical or mental functional attributes of HD patients hasn’t been pursued systematically
in the literature. From our group’s work and other’s [212-214] it is known that depressive symptoms,
sleepiness and low quality of sleep may contribute to patient’s fatigue. These contributors of fatigue can
be greatly improved by improvements in functional capacity, as observed in a study applying a 6 months
of aerobic training [215, 216].

Exercise can overall confer many beneficial physiological adaptations that would impact on the patient’s
quality of life and health [13]. With a view of a holistic approach in reducing fatigue and improving
health aspects in HD patients we employed a nine-month moderate intensity exercise intervention in our
effort to reduce fatigue in HD patients. To fully address the many aspects of fatigue, and perhaps draw

associations to physical attributes, we used instruments designed to assess acute, subacute and chronic
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fatigue, with an emphasis on Post Dialysis Fatigue, accompanied by cognitive, emotional and mental
health assessments as well as assessments of overall quality of life.

Therefore, the aims of the current study was to assess the effectiveness of a nine month intradialytic
exercise program on fatigue symptoms occurring during and after hemodialysis session as well as on

functional capacity and quality of life in patients receiving hemodialysis therapy.
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Methodology
Study population

Seventy eight patients were assessed for eligibility while only twenty HD patients (16 M/4F, 59+13.7
years) (Flow Chart) included in this study. The current project was approved by the Ethics Committee of
the University of Thessaly, and by the Bioethics Committee of the local Hospital. All patients gave
written informed consent to participate in this study.

Inclusion & Exclusion criteria

Inclusion criteria were: dialysis for at least six months or more with adequate dialysis delivery (Kt/V >
1.1), and with stable clinical condition. Exclusion criteria were: patients unable to give informed consent,
opportunistic infection in the last 3 months, malignancy or infection requiring intravenous antibiotics
within 2 months prior to enrollment, with HIV, or musculoskeletal contraindication to exercise or
requirement for systemic anticoagulation, participating or having participated in an investigational drug
or medical device study within 30 days or five half-lives, pregnant, breast feed or female of childbearing
potential who did not agree to remain abstinent or to use an acceptable contraceptive regimen. Also,
patients who were judged to have clinically significant abnormalities upon clinical examination or
laboratory testing, or who were unable to adequately cooperate because of personal or family conditions,
or those who suffered from a mental disorder that interferes with the diagnosis and/or with the conduct of

the study, e.g. schizophrenia, major depression, dementia were excluded from this study.
HD procedure

The patients underwent the HD therapy (Fresenius 4008B, Oberursel, Germany) 3 times per week with
low flux, hollow-fiber dialyzers and bicarbonate buffer. The HD session lasted 4 hours. An enoxaparin
dose of 40-60 mg was administered intravenously before the beginning of each HD session. EPO therapy
was given after the completion of HD session in order to normalize hemoglobin levels within 11-12
(g/dL).

General Study Design

Patients followed a 9-month aerobic exercise training program implemented during their HD session. The
exercise program was supervised by 2 specialized exercise trainers. Cycle exercise was performed 3

times weekly for 60 minutes each time starting between the first 2hr of HD using an adapted cycle
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ergometer (Model 881 Monark Rehab Trainer, Varberg, Sweden) at an intensity of 50-60% of the

patient’s maximal exercise capacity, which was estimated during a previous HD session [145, 146].

During and before release from the HD unit, body mass, systolic and diastolic blood pressures (SBP,
DBP) and heart rate (using the RS800CX, Polar Electro Oy, Kempele, Finland) were monitored and
recorded. Participants’ blood chemistry records were recorded before and at the end of the 9-month
study. Participants were assessed in aspects related to exercise capacity, functional ability and strength
testing, and were interviewed using standardized questionnaire instruments, designed to assess fatigue
aspects (including the sense of chronic or acute fatigue), cognitive function, depressive symptoms,
emotional intelligence, pain perception, perceived quality of life, sleep quality and sleepiness, all
presented below. The interview approach was employed as to minimize errors due to a possible
misunderstanding of a question, to reduce the time needed to collect data as well as to better engage the

subjects.
Vital signs measurements

Systolic and Diastolic Blood pressure, Oxygen saturation (SpO,) and Heart Rate (HR) were measured
before, every hour and after the dialysis session. Blood pressure and HR were measured automatic using
the HD machines BP system, while SpO, was assessed using a fingertip monitor (Onyx Il, Nonin
Medical, Inc. Plymouth, MN USA).

Anthropometrics and Body composition

The patients’ dry weight (ideal weight after removal of excess fluids) was recorded from patients medical
record. Together with patients’ height it was used to calculate body mass index (BMI).Waist and hip
peripheries were measured and the waist to hip ratio (WHR) was calculated. Body composition was
assessed using a whole-body multi-frequency bio-impedance spectroscopy system (BCM®, Fresenius
Medical Care, Bad Homburg, Germany), to estimate fat mass (FM), lean tissue mass (LTM), total body
water (TBW) and body cell mass (BCM) [148]. The body composition measurements were taken
immediately before the initiation and after the completion of the HD session and with the participants
rested in the supine position. Electrodes were placed on the wrist of the arm without the arterio-venous

fistula as well as on the ipsilateral ankle and connected to the BCM device [149].

Blood Chemistry
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Routine monthly laboratory results were recorded including C-reactive protein, ferritin, iron, hematocrit,
and hemoglobin. The analyses were performed at the clinical biochemistry lab of the University Hospital
of Larissa under standard hospital procedures.

Exercise capacity

Using an incremental cycle ergometer test [146] we assessed exercise capacity before, at 3 months, at 6
months and at the end of the 9-month exercise intervention. Values recorded were used to re-adjust the

submaximal training intensity of the intradialytic exercise sessions of this program.
Functional Ability

The patient’s functional ability levels were assessed via a battery of functional tests: two Sit-to-Stand
tests from which three scores were recorded (time taken to complete 5 sit-to-stands STS-5, number of
repetitions in 30°” STS-30 and number of repetitions in a whole minute, STS-60).

Handgrip strength

Maximum isometric handgrip strength, (HGS), was measured on the non-fistula (dominant) side [147]
before, every hour during a dialysis session and 30 minutes after the end of HD using a handgrip
dynamometer (Charder MG4800 Medical Handgrip Dynamometer, Charder Electronic Taiwan). The
dynamometer was adjusted so that it fit comfortably to subjects palm size. Before data collection, a
warm-up — familiarisation session was performed followed by 2 min rest. Subjects were instructed to grip
the dynamometer and apply maximum force in response to a voice command. The subjects stood with
both arms extended sideways from the body with the dynamometer facing away from the body. Two
trials were performed with a rest period of at least 1 min between trials and the highest HGS value, before

and after the HD session, was used in the analyses.
Fatigue

Fatigue was assessed using various questionnaires evaluating chronic, subacute and acute aspects. Acute
fatigue was assessed by two questions according to the model proposed by Hardy & Studenski [217]:
How tired do you feel right now? What is your energy level right now? The questions asked patients to
rate the fatigue and ‘energy’ on a scale of 0-10 (none to extreme). These questions were asked at before,

every hour and after the HD session.

To study the Quality of General Fatigue we used the model proposed by Hardy & Studenski [217].

Before the initiation of the HD session, patients answered to six questions about fatigue quality (Q1-
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Tiredness: Do you feel tired much of the time? Q2-Emotional: Do you feel that life is empty? Q3-
Cognitive: Do you have trouble concentrating? Q4-Sleepiness: Have you had difficulty sleeping in the
past month? Q5-Weakness: Have you had muscle weakness in the past month? Q6- Lack of energy: Do
you feel full of energy?). Each patient was invited to answer “yes” or “no” to these questions (for the
subsequent analysis a yes = 1, and a no=0).

Post dialysis fatigue was assessed by a questionnaire by Sklar et al. [9]. The questionnaire asks patients to

rate the frequency of postdialysis fatigue on a scale of 0-5 (never to very often); the severity, on a scale of

1-5 (very mild to very severe); and the duration on a scale of 1-5 (a very short time to a very long time).

Moreover, chronic general fatigue was assessed by Fatigue Severity Scale (FSS) [218]. This
questionnaire contains nine statements concerning respondent’s fatigue to measure fatigue severity.
Additionally, we used the Multidimensional Fatigue Inventory (MFI) [219] which is a 20-item scale
designed to evaluate in general the dimensions of general fatigue, physical fatigue, reduced motivation,
reduced activity, and mental fatigue. For subacute fatigue, we used the Brief Fatigue Inventory (BFI)
[151] which is an instrument that can be administered in a clinical setting to assess the severity of fatigue

experienced by patients, as well as its impact on their ability to function over the previous 24h.
Cognitive Function

Cognitive Function was assessed by the Mini Mental State Exam (MMSE) [220] which is a brief 30-
point questionnaire test that is used to screen for cognitive impairment. This test consists of simple
questions and problems in a number of areas: the time and place of the test, repeating lists of words,
arithmetic such as the serial sevens, language use and comprehension, and basic motor skills. For
example, one question, derived from the older Bender-Gestalt Test, asks to copy a drawing of two

pentagons.
Symptoms of Depression

Depressive symptoms were measured using the Zung Self Rating Depression Scale (with a score > 44
being considered the cut-off for diagnosis of depression). Moreover, we used the Beck Depression

Inventory Il (Beck Depression Test, BDT) [154] to assess the intensity of depression.
Emotional Intelligence

Emotional intelligence was assessed by using the Schutte Self Report Emotional Intelligence Test

(SSEIT) [155]. This instrument is a 33 item self-report and patients are asked to indicate their responses
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to items reflecting adaptive tendencies toward emotional intelligence according to a 5-point scale, with

“1” representing strong agreement and “5” representing strong disagreement.

Wong and Law Emotional Intelligence Scale (WLEIS) [156] is a shorter instrument, which contains 16
items grouped in four subscales as follows: (a) self-emotion appraisal (SEA), (b) emotion appraisal of
others (OEA), (c) use of emotion (UOE), and (d) regulation of emotion (ROE).

Pain perception

In addition each subject also completed the Fibromyalgia Impact Questionnaire (FIQ) [157]. This self-
administered questionnaire developed to measure fibromyalgia (FM) patient status, progress and
outcomes. The instrument contains 11 questions measuring physical functioning, work status (missed
days of work and job difficulty), depression, anxiety, morning tiredness, pain, stiffness, fatigue, and well-
being over the past week.

Perceived Quality of Life

Quality of life was assessed by the Generic Medical Outcomes Survey 36 Item-Short Form (SF-36) [158]
that contains eight dimensions, generating a profile of health-related quality of life. These dimensions
are: 1) Physical Functioning; 2) Role Limitations due to Physical Functioning; 3) Bodily Pain; 4) General
Health Perceptions; 5) Vitality; 6) Social Functioning; 7) Role Limitations due to Emotional Functioning;
and 8) Mental Health. Total SF36 QoL score ranges from 0 (extremely poor) to 100 (very good).
Moreover, the quality of life in the clinical setting was evaluated by the Missoula-Vitas Quality of Life
Index Version-15R. The MVVQOLI is an assessment instrument that gathers patient - reported information
about quality of life during advanced illness. We used the short version of 15-items questionnaire for

dialysis patients [159].
Sleep and sleepiness

We evaluated possible sleep disturbances and usual sleep habits during the preceding month by the
Pittsburgh Sleep Quality Index (PSQI) which contains 19 questions [160].

Furthermore, the HD patient’s daily sleepiness status was assessed by using the Epworth sleepiness scale
(ESS) [161]. This scale differentiates between average sleepiness and excessive daytime sleepiness that

requires intervention.

Statistical analysis
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The results are expressed as mean + SD. In some instances delta values of the differences between pre-
and post-dialysis values are presented. Statistical analysis was performed using two-way repeated
measures analysis of variance (ANOVA). For comparing initial and final values (pre and post exercise
training) paired t tests were used. All the statistical analyses were performed using the Statistical Package
for the Social Sciences (SPSS for Windows, version 18.0, Chicago IllI). Differences were considered

significant when P<0.05.
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Results

Flow Chart
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All twenty HD patients who participated in the study completed the 9-month intervention without any
adverse effects. Patient anthropometric characteristics, as well as routine blood biochemistry and body
composition values are presented in Table 1. There were no statistically significant differences between
pre and post exercise training program values in these patient characteristics.

Table 1. Hemodialysis patient anthropometric characteristics, routine blood biochemistry indices and

body composition values. All data are mean + SD. No significant differences

Variables Pre 9 months later
N 20 20
Female/Male 4/16 4/16

Dry Weight (kg) 72.7+£13.5 73.9£13.9
Height (m) 1.7+0.1 1.7+0.1
BMI (kg/m?) 25.6+4.3 26.0+4.6
Steps per week 49158.6+26770.6 44585.9£31925.6
Months in dialysis 52.8+47.1 61.8+47.1
Kt/V 1.60+0.50 1.48+0.31
CRP(mg/dL) 1.9+3.8 1.2+3.0
HCT 34.1+£3.6 33.5+£2.7
Hb(g/dL) 11.0£1.2 10.7+0.8
Iron(pg/dL) 53.8+25.3 59.6+32.9
Ferritin (ng/mL).  502.6+822.5 467.9+491.1
WHR 1.0£0.1 1.0£0.1
Total Fat (kg) 23.4+10.4 21.249.7
TBW (L) 35.1+6.0 36.0+6.8
LTM (kg) 42.3+10.0 43.5+9 .4
BCM (kg) 24.1424.3 25.046.5

BMI, Body mass index; CRP, C Reactive Protein; HCT, hematocrit; Hb, hemoglobin; WHR, waist to hip
ratio; Kt/V, dialysis efficiency; TBW, total body water; LTM; lean tissue mass; BCM, body cell mass.
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Exercise capacity was assessed using a cycle ergometer test at 4 time points during the study, i.e. before,
at 3 months, 6 months and at the conclusion of the 9-month training program. It increased throughout the

study, reaching a 1.6 fold increase by the end of the study (Fig 1).

Figure 1. Changes in exercise capacity during the 9-month aerobic exercise training period.* p<0.01

from pre-training values.

During an HD session the change in hemodynamics was reflected by the fluctuation in blood pressure.
While no statistically significant differences were observed in SBP between pre and post 9-month
training values (Fig.2), we observed a tendency for improvement in maintaining DBP which reached

statistical significance at 30min post-dialysis (Fig.3).
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Figure 2. Systolic blood pressure pre (in blue) and post (in red) 9 months training at different time points
during 4 hrs of HD and at 30 min post dialysis (lighter symbols). Note that the value at 120 min was

influenced by the preceding 60 min of exercise training. Values are presented as Mean + S.D. * p<0.05

from corresponding value before the training program.

Figure 3. Diastolic blood pressure pre (in blue) and post (in red) 9 months training at different time

points during 4 hrs of HD and at 30 min post dialysis (lighter symbols). Note that the value at 120 min
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was influenced by the preceding 60 min of exercise training. Values are presented as Mean + S.D. *

p<0.05 from corresponding value before the training program.

Averaged Heart rate values at different time points of the HD session were influenced by the 9-month
training program at at 2" and 3" hours of HD (Fig 4). Oxygen saturation tended to be overall better

maintained with values differing statistically significantly at the conclusion of the 4™ hour of HD (Fig 5).

Figure 4. Heart rate recorded pre (in blue) and post (in red) 9 months training at different time points
during 4 hrs of HD and at 30 min post dialysis (lighter symbols). Note that the value at 120 min was

influenced by the preceding 60 min of exercise training. Values are presented as Mean = S.D.
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Figure 5. Oxygen saturation (SpO,%) recorded pre (in blue) and post (in red) 9 months training at
different time points during 4 hrs of HD and at 30 min post dialysis (lighter symbols). Note that the value
at 120 min was influenced by the preceding 60 min of exercise training. Values are presented as Mean =+

S.D. * p<0.05 from corresponding value before the training program.

Handgrip muscle strength didn’t fluctuate a lot during the HD session. However, while the exercise
program stressed the lower body, baseline handgrip strength was significantly higher after the 9 months

of training (Fig 6).
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Figure 6. Handgrip muscle strength recorded pre (in blue) and post (in red) 9 months training at different
time points during 4 hrs of HD and at 30 min post dialysis (lighter symbols). Note that the value at 120
min was influenced by the preceding 60 min of exercise training. Values are presented as Mean + S.D. *

p<0.05 from corresponding value before the training program.

As expected HD resulted in an overall acute improvement in functional ability of the subjects as reflected
by the performances in the STS tests. Following the 9 months training intervention, functional ability was

overall improved in agreement to the already reported increase in exercise capacity.

The time needed to complete 5 sit-to stand repetitions (STS5), an estimate of muscle power, was
significantly improved by the training intervention whether at the pre-HD state (12.9+4.9 vs 9.4+3.2 reps,
p<0.05) or at the post-HD state (13.0+5.4 vs 9.9+3.2 reps, p<0.01).

In terms of muscular endurance, STS30 and STS60 scores significantly improved after 9 months of

aerobic exercise training (Figs 7 and 8).

Figure 7. Performance (repetitions) in the sit-to-stand for 30 sec (STS30) test before (in blue) and after

(red) the 9 months training, before and after a dialysis session. The calculated delta difference between
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pre and post dialysis scores are also presented. Data are presented Mean = SD. * p<0.05 from pre-

training value, # p<0.05 from corresponding pre-dialysis value.

Figure 8. Performance (repetitions) in the sit-to-stand for 60 sec (STS60) test before (in blue) and after
(red) the 9 months training, before and after a dialysis session. The calculated delta difference between
pre and post dialysis scores are also presented. Data are presented Mean + SD. * p<0.05 from pre-

training value, # p<0.05 from corresponding pre-dialysis value.

With regards to an acute sense of fatigue there were no statistically significant differences between values
reported before and after the 9 month exercise intervention, despite a tendency for overall lower scores in
rating the question “How tired do you feel right now?”. Additionally no differences were found in the

responses to the question “What is your energy level right now?” (refer to Table 2, top two rows of data).

Regarding the Quality of general fatigue, “Tiredness” remained the highly scored quality, but no
differences were observed after training (refer to Table 2, top rows of data 3 to 8). With regards to Post
Dialysis Fatigue, the training programme significantly affected some aspects, notably severity and

duration (refer to Table 2, bottom 4 rows of data).
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Table 2. Effects of 9 months exercise training on acute and subacute sense of fatigue and post-dialysis
fatigue (PDF). All data are Mean = SD.

Assessment  Training Pre HD  1stHD hr 2nd HD 3rd HD hr  4th HD 30 min after
hr hr HD

Fatigue Now Pre 2.6+2.1 2.61+2.1 3.1£2.4 3.6£2.4 3.9£2.3
Post 1.5£1.9 1.7£2.6 1.5£2.2 2.5£2.8 3.4£2.6

Energy Now Pre 6.3£1.5 6.4+1.6 6.3£1.8 5.7+£1.7 5.2+1.6
Post 7.1£2.2 6.1£3.3 6.1£3.1 6.1+£2.9 5.942.6

GF-1- Pre 2.0+0.2

Tiredness Post 2.0+0.2

GF-2- Pre 1.9+0.3

Emotional Post 1.9+0.4

GF-3- Pre 1.8+0.4

Cognitive Post 1.8£0.4

G5-4- Pre 1.9+0.4

Sleepiness Post 1.6+0.5

GF-5- Pre 1.7+0.5

Weakness Post 1.6+0.5

GF-6-Lack Pre 1.3+0.5

of energy Post 1.6+0.5

Q 1-PD Pre 2.7+0.5
status Post **2 0+0.5
Q 2-PDF Pre 1.7+0.6
frequency Post 1.4£1.0
Q 3-PDF Pre 1.7+0.6
severity Post *1.3+0.6
Q 4 -PDF Pre 1.8£0.7
duration Post *1.1+0.8

Questions on acute fatigue, Fatigue now: How tired do you feel right now? Energy now: What is your
energy level right now? Questions on Quality of General Fatigue (GF) according to [217]. GF- 1: Do
you feel tired much of the time? GF- 2: Do you feel life is empty? GF- 3: Do you have trouble
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concentrating? GF- 4: Have you had difficulty sleeping I the past month? GF- 5: Have you had muscle
weakness in the past month? GF- 6: Do you feel full of energy?

PD fatigue was assessed according to (Sklar, Riesenberg, Silber, Ahmed, & Ali, 1996)

PD-Q 1: How do you feel after dialysis? PD-Q 2: How often do you experience postdialysis fatigue? PD-
Q 3: How severe is your postdialysis fatigue? PD-Q 4: How long does your fatigue last for?

* p<0.05 from corresponding value before the 9 months training; **p<0.01 from corresponding value
before the 9 months training

With regards to cognitive function a small in magnitude but statistically significant improvement was
observed, accompanied by a significant reduction in the depressive symptoms according to the Zung Self
Rating Depression Scale, ZSDS (see Table 3).

Notably, regarding chronic fatigue, the score in the Multi-Dimensional Fatigue Inventory (MFI) was
significantly reduced after 9 months of aerobic training, accompanied by a significant reduction in the

Fibromyalgia Impact Questionnaire (FIQ) scores (see Table 3).

Regarding the patients’ quality of life, the Missoula-VITAS Quality of Life Index assessment did not
significantly change, nor the scores in sleep quality and sleepiness by the 9 months of training (see Table
3)
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Table 3. Effects of 9 months of aerobic exercise on cognitive function (MMSE), depressive symptoms
(ZSD, BDI), chronic fatigue (FSS, MFI, BFI), emotional intelligence (WLEIS, SSEIT), pain perception
(PAIN, FIQ) and quality of life indices (Vitality, Physical and Mental Health from SF-36, and
MVQOLI), sleepiness (ESS) and sleep (PSQI). All data are mean + SD.

Pre-training Post-training p values
MMSE 26.2+1.9 26.7£2.1 *0.037
ZSDS 41.3+£6.0 23.7£7.5 **0.000
BDI 5.00+4.8 7.7£7.2 0.077
FSS 3.6+1.2 3.5+1.5 0.841
MFI 47.7£10.5 38.6+17.9 *0.039
BFI 1.4+1.2 1.8+1.7 0.203
WLEIS 89.249.1 87.9+12.8 0.749
SSEIT 128.6£12.0 133.0+£15.4 0.402
FIQ 15.2+4.8 8.1+5.8 **0.000
SF36 QoL Vitality 57.1+12.4 65.3+14.1 *0.050
SF36 QoL PCS 65.3£17.5 67.0£17.6 0.596
SF36 QoL MCS 64.7£10.9 64.1+£12.3 0.872
SF36 QoL Total 69.3£13.1 66.8+15.4 0.462
MVQOLI 18.3+£3.4 18.8+3.0 0.555
ESS 4.3+2.5 6.0£3.0 0.137
PSQI 5.5£3.0 6.1£5.0 0.610

MMSE, Mini Mental State Exam; FSS, Fatigue Severity Scale; WLEIS, Wong and Law Emotional
Intelligence Scale; SSEIT, Schutte Self-Report Emotional Intelligence Test; FIQ; Fibromyalgia Impact
Questionnaire, ZSDS, Zung Self Rating Depression Scale; BDI; Beck Depression Inventory; MFI, Multi-
Dimensional Fatigue Inventory; BFI, Brief Fatigue Inventory; MVQOLI, Missoula-VITAS Quality of Life
Index; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; QoL; quality of life

* p<0.05 from corresponding value before the 9 months training; **p<0.01 from corresponding value

before the 9 months training
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Discussion

Our study showed that a 9-month aerobic exercise training program ameliorates the severity and the
duration of Post-Dialysis fatigue symptoms. It also showed that it improved the general perception of
fatigue.

This was the first study in hemodialysis patients, to our knowledge, designed to assess both acute and
chronic aspects of general fatigue as well as the presence and severity of post-dialysis fatigue in
combination with physical, mental and QoL assessments in an attempt to better explain fatigue and
investigate the benefits of an exercise program in ameliorating fatigue, and preventing mental or other
deficits.

Hemodialysis related fatigue significantly affects patients’ quality of life as suggested by many authors
[10, 14, 18, 202]. The improvement in Post Dialysis Fatigue, presence, severity and duration, that we
observed in this study is perhaps mediated by the recorded improvements in exercise capacity, muscle
strength and functional ability which in turn reflect an improved physical status of the patients and
perhaps a better stamina towards the fatiguing effects of dialysis per se. Previous studies from our group
and others [221] have indicated the beneficial effects of this type of exercise on cardiovascular,
cardiorespiratory and neuromuscular function of the patients. Moreover, in another study (to be
published/ see Chapter 4), we reported that 9 months of exercise improve hemodynamic responses and
confer favorable adaptations to the heart structure, leading to better ejection fraction and overall
improved cardiac function. All these adaptations can help a patient tolerate the dialysis session better and

maintain a better post-dialysis physical and mental functional status.

Given the importance of preventing cognitive impairment with ageing in order to avoid a loss of
independence and premature death, it is notable that in our study, 9 months of moderate intensity aerobic
training statistically improved cognitive function in HD patients. This is of crucial importance for HD
patients as they have been reported to perform poorly in cognitive assessment in comparison to other
patient groups [210]. Physical activity is beneficial for cognitive function especially in elderly humans
and it has been shown to prevent brain atrophy in many conditions [222-224]. Many physiological
mechanisms have been proposed to explain the influence of physical activity on cognition, focusing
mostly on changes in neurotransmitters, neurotrophins and vasculature [225] Chronic renal failure

patients present with depressive symptoms while previous studies have indicated that cognitive
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impairment is highly correlated with depression [226]. In our study a 9-month exercise program,
significantly reduced the depressive symptoms according to the Zung Self Rating Depression Scale. This
finding is in agreement to previous findings [199, 215] and further underlies the important role that

exercise can play in improving mental health in chronic patients.

Notably, regarding chronic fatigue, the score in the Multi-Dimensional Fatigue Inventory (MFI) was
significantly reduced after 9 months of aerobic training.

Regarding the patients’ quality of life, from the SF36-QoL assessment only the aspect of Vitality were
influenced by the 9 months of training, while the score in Missoula-VITAS Quality of Life Index did not
significantly change. The observed significant increase in the vitality of the SF36, has been also found in
previous studies [146]. Exercise training in our study did not improve daily sleepiness levels, confirming
previous data [146, 227].

However, and notably, the scores in the Fibromyalgia Impact Questionnaire were improved, meaning that

patients enjoyed more pain free time during everyday activities.

Conclusions

In conclusion our study showed that a 9-month aerobic exercise training program improved exercise
capacity, depression score and cognitive function followed by a reduction in the severity and the duration
of Post-Dialysis fatigue symptoms while improving the general perception of fatigue. Exercise training is
a safe and effective non pharmacological approach to ameliorate fatigue symptoms in HD patients by

improving all aspects of health related quality of life.
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Research Paper 4: The effect of a nine month intradialytic exercise training

program on myocardial stunning in hemodialysis patients
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Abstract

Introduction: Cardiovascular disease is the most common cause of death in HD patients. Sudden cardiac
death also occurs in this population due to decreased heart rate variability. Exercise training has
beneficial effect for cardiovascular fitness and reducing mortality in ESRD. Whether there is a long term
benefit of exercise during HD on a reduction in myocardial stunning is not known.

Aims: The aim of the study was to investigate the effect of a nine month intradialytic exercise training
programme on myocardial stunning in patients on hemodialysis.

Methodology: Twelve stable HD patients (LOM/2F, 58+16yrs) participated in the study. At baseline and
after 9 months in the study, all patients underwent echocardiography, conducted by examiners.
Echocardiographic scans were performed using an iE33 echocardiographic system. All images were
acquired with the subject lying in the left lateral decubitus position with a 2.5 MHz transducer.
Myocardial stunning was assumed when a >20% reduction in ejection fraction was observed.
Generalized linear model (GLM) repeated measures were used to compare the difference in
echocardiographic indices after 9 months of exercise intervention.

Results: Ejection Fraction (EF) improved significantly after 9 months of exercise training compared to
the baseline value (48.7+11.1 vs 58.8+6.5, p=0.046). Additionally, at the end of hemodialysis session
were observed differences in EF% (50.0£13.4 vs 56.143.4, p= 0.054) and deceleration time (261.1+61.9
vs 215.0+50.5, p=0.014).

Conclusions: Our results showed that after the 9 month exercise intervention program, a significant
improvement in ejection fraction by 21% was observed. Intradialytic exercise training can become a non-
pharmacological approach to reduce myocardial stunning induced by the hemodialysis therapy. New

protocols with longer training periods are required to assess the effect of exercise on clinical outcomes.
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Introduction

Conventional hemodialysis (HD) therapy itself has been associated with various cardiovascular
abnormalities and cardiovascular stress [228]. Hemodialysis-induced myocardial stunning (cardiac
injury) is a common phenomenon in the HD patients and is associated, inter alia, with cardiac
dysfunction, increased risk for developing cardiovascular disease or even with increased mortality and
morbidity [229]. It is reported that approximately two thirds of the HD population experience recurrent
hemodialysis-induced cardiac injury [228]. On the other hand, it is known that the hemodialysis patients
are exposed to increased risk for cardiac arrhythmias leading to sudden cardiac death [230], whilst
hemodialysis-induced cardiac injury may trigger intradialytic and post-dialytic arrhythmias [198].
Previous research has suggested that the reduced heart rate variability (HRV) which characterize the
majority of the HD population may play an important role in the higher risk of sudden cardiac death
[231]. Interestingly, exercise training has been proven to induce beneficial effect on the cardiovascular
system of the HD patients, reducing among others, cardiovascular events and improving autonomic
function by increasing HRV [232], whilst increases in parallel left ventricular ejection fraction [80, 192],

stroke volume and cardiac output [192].

The primary aim of this study was to investigate the effect of a nine month intradialytic exercise training
programme on myocardial stunning in patients on hemodialysis. Secondary aims were to examine
potential associations between myocardial stunning indices, heart rate variability and body composition

in the same group of patients during the intervention period.
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Methodology
Ethics Statement

The study was approved by the Human Research and Ethics Committee of the University of Thessaly,
and by the bioethics committee of the University General Hospital of Larissa, and the General Hospital of
Trikala, Greece. All patients gave their written informed consent prior to study participation.

Study population

Seventy eight patients were assessed for eligibility while only twelve HD patients (10M/2F, 56+19yrs)
participated in the study (Flow Chart). Patients were recruited from the HD unit of the local hospital and
all testing was performed on site in the hospital between April 2014 and May 2015. The inclusion
criteria for the study were: being on HD for at least three months or more with adequate dialysis delivery
and with stable clinical condition. Exclusion criteria included: (1) absence of diagnosed neuropathies (2)
presence of a catabolic state within 3 months prior to the start of the study, (3) or unable or refusal to
participate in an exercise training programme. None of the recruited patients were engaged in any
systematic exercise training programme, 3 months prior the initialization of the study. After the initial
screening, twelve patients fulfilled the criteria and enrolled to the study (see Table 1). The study was
approved by the Human Research and Ethics Committee of the University of Thessaly, and by the
bioethics committee of the University General Hospital of Larissa, Greece (UHL). All patients gave their

written informed consent prior to study participation.

Study Design

Patients followed a 9-month intradialytic exercise training program (exercise took place during the HD
session). The exercise program was supervised by 2 specialized exercise physiologists. Supine cycle
exercise was performed 3 times weekly for 60 minutes each time during the first 2 hours of HD session
using an adapted bicycle ergometer (Model 881 Monark Rehab Trainer, Varberg, Sweden) at an intensity
of 50-60% of the patient’s maximal exercise capacity (W), which was estimated during a previous HD

session [233]. All examined parameters were assessed pre and post the 9 month intervention period.
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During both examinations, the Echocardiographic and HRV indices were collected before the
initialization of the HD session, during the last hour of the HD session and after the end of the HD
session while patients were rested on the bed.

HD procedure

The patients underwent the HD therapy (Fresenius 4008B, Oberursel, Germany) 3 times/week with low
flux, hollow-fiber dialysers and bicarbonate buffer. Each HD session lasting approximately 4 hours. An
enoxaparin dose of 40-60 mg was administered intravenously before the beginning of each HD session.
EPO therapy was given after the completion of HD session in order to normalize hemoglobin levels
within 11-12 (g/dL).

Body composition assessment

Body composition was measured by a whole-body multi-frequency bio-impedance spectroscopy system
(BCM®, Fresenius Medical Care, Bad Homburg, Germany). This system estimates fat mass (FM), lean
tissue mass (LTM), total body water (TBW) and body cell mass (BCM) [148]. The body composition
measurement were taken immediately before and with the participants rested in the supine position
(Table 1). Electrodes were placed on the wrist of the arm without the arterio-venous fistula as well as on

the ipsilateral ankle and connected to the BCM device [149].

Echocardiography

Echocardiographic scans were performed using an iE33 echocardiographic system (Philips Medical
Systems, Andover, MA, USA). All image acquisitions were made with the subject lying in the left lateral
decubitus position using a 2.5 MHz transducer. For each patient, > 3 consecutive beats were analyzed in
each scan, and the mean value was used in the subsequent statistical analysis. All echocardiograms were
performed by the same experienced echocardiographer. For the recording of HR, a single lead ECG
inherent to the echocardiographic system was used. Left ventricular dimensions were determined from 2-
dimensional guided M-Mode images according to the recommendations of the American Society of
Echocardiography (ASE) for chamber quantification, [186] using the parasternal long-axis acoustic

window. LV mass was calculated from M-Mode traces at the level of mitral valve and determined in g by
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using the recommended ASE formula. LV mass index was calculated by dividing LV mass by body
surface area (using the DuBois and DuBois formula) and height [187] to minimize effects of age, gender,
and overweight status [186]. For the assessment of LV diastolic function, the transducer was applied
apically (4-chamber view) whilst a pulsed wave Doppler sample volume (4 mm) was located at the tips
of the mitral valve leaflets. Doppler gain, pulse repetition frequency, and high-pass filter were all
adjusted in order to maximize the signal to noise ratio. The following parameters were evaluated: early
peak flow velocity (E), late peak flow velocity (A); thus the ratio of E to A was calculated. The primary
outcome variable was ejection fraction (EF) (index used to assess myocardial stunning) and change in
ejection fraction (AEF) from baseline to intervention. Ejection fraction was calculated using the biplane
Simpson’s method from 2-dimensional apical 2- and 4- chamber orientation to evaluate the patient’s

systolic function.

HRYV Assessment

Heart rate variability was measured using heart rate monitors (RS800CX, Polar Electro Oy, Kempele,
Finland) validated for heart rate variability assessment [234]. For the heart rate variability time domain,
the square root of the mean of squared differences between successive RR intervals and the percentage of
successive normal-to-normal intervals greater than 50 milliseconds were computed [235]. For the heart
rate variability frequency domain, the low and high frequency bands, expressed in normalised units (nu),
and their ratio (low frequency/high frequency) were reported [235]. Heart rate variability indices (low
frequency activity, high frequency activity, low frequency/high frequency activity, the square root of the
mean of squared differences between successive RR intervals, and the percentage of successive normal-
to-normal intervals greater than 50 milliseconds) were analyzed using heart rate variability Analysis

Software V1.1 (Finland; Biomedical Signal Analysis Group, University of Kuopio, Finland 2002).

Blood Chemistry

Routine monthly laboratory results were recorded including c reactive protein, ferritin, iron, hematocrit,
and hemoglobin. The analyses were performed at the clinical biochemistry lab of the University Hospital

of Larissa under standard hospital procedures.
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Exercise capacity
Using an incremental cycle ergometer test [146] we assessed exercise capacity before, at 3 months,
at 6 months and at the end of the 9-month exercise intervention. Values recorded were used to re-

adjust the submaximal training intensity of the intradialytic exercise sessions of this program.

Functional Capacity

The patient’s functional ability levels were assessed via two Sit-to-Stand tests from which three
scores were recorded (time taken to complete 5 sit-to-stands STS-5, number of repetitions in 30’
STS-30 and number of repetitions in a whole minute, STS-60).

Handgrip strength

Maximum isometric handgrip strength, (HGS), was measured on the non-fistula (dominant) side
[147] before, every hour during a dialysis session and 30 minutes after the end of HD using a
handgrip dynamometer (Charder MG4800 Medical Handgrip Dynamometer, Charder Electronic
Taiwan). The dynamometer was adjusted so that it fit comfortably to subjects palm size. Before data
collection, a warm-up — familiarisation session was performed followed by 2 min rest. Subjects were
instructed to grip the dynamometer and apply maximum force in response to a voice command. The
subjects stood with both arms extended sideways from the body with the dynamometer facing away
from the body. Two trials were performed with a rest period of at least 1 min between trials and the

highest HGS value, before and after the HD session, was used in the analyses.

Statistical analysis

Statistical analysis was performed using two-way repeated measures analysis of variance (ANOVA). For
comparing initial and final values (pre and post exercise training) paired t test were used for parametric
and non-parametric data. The Kendall’s product-moment correlation was used to assess the relationship
between the body composition and echocardiographic indices. The results are expressed as mean + SD.
All the statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS for

Windows, version 18.0, Chicago III). The level for statistical significance was set at P<0.05.
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Results

Flow Chart

[ Enroliment ] Assessed for eligibility (n= 78)

Excluded (n= 56)

+ Not meeting inclusion criteria (n=32)

A 4

+ Declined to participate (n=9)
+ Other reasons (n= 15)

Enrolled (n=22)

v

Allocated to intervention (n=22)

[ Allocation ] + Received allocated intervention (n=22)

\ 4

Lost to follow-up (hospitalization/refuse to

[ Follow-Up ] repeat the tests) (n=10)

A 4

] Analysed (n=12)

[ Analysis
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Patient basic characteristics are presented in Table 1. All twelve hemodialysis patients who participated

in the study completed the f 9-months intervention program without any adverse effects.

Table 1. Hemodialysis patient basic characteristics before and after nine months of intradialytic exercise

training

Variables Pre Post

N 12 12
Female/Male 2/10

Age (yr) 58+16

Dry Weight (kg) 73.2+16.4 75.4+16.9
Height (m) 1.69+0.10 1.69+0.10
BMI (kg/m?) 26.1+5.2 26.9+5.5
Steps per week 52082.3+£27749..4 43091.1+31076.1
Months in dialysis 40+44

WHR 10.2+0.12 1.00+0.1
Total Fat (kg) 23.4+11.4 21.1£11.3
TBW (L) 36.0+6.7 37.3£8.3
LTM (kg) 43.7£10.7 45.0£11.0
BCM (kg) 25.3+7.2 26.1 +7.4
Kt/vV 1.68+0.60 1.46+0.33
CRP (mg/dL) 3.7£5.6 0.8+0.5
HCT 34.7+4.0 34.243.2
Hb(g/dL) 11.2+1.3 10.8+1.0
Iron(pg/dL) 58.2+30.8 51.74£27.2

Ferritin (ng/mL)

1377.3+1170.4

754.3+£518.7

All data are mean + SD. BMI, Body mass index; TBW, Total Body Water, LTM, Lean Tissue Mass;, BCM;
Body Cell Mass; Kt/V, dialysis efficiency; CRP, C Reactive Protein; HCT, hematocrit; Hb, hemoglobin.
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Heart Rate Variability indices are presented in Table 2. Differences were observed for the variables LF

and HF pre and 9 month after intradialytic exercise. Also, pPNN50% was lower pre exercise program

compare with the score of this variable after 9 months of exercise program. Differences were observed
finally between hours pre exercise for the variable MEAN RR INTERVAL.

Table 2.Hert Rate Variability indices before and after nine months of intradialytic exercise training

Pre HD 1 2 3 4 end of HD
SDNN(ms) Pre 64.03+44.1 74.5+£32.2 58.8+£32.9 55.14£35.1 53.8£30.9  52.54£31.5
9 months  48.4+19.8 55.7+22.9 62.9+35.2 63.8+38.4 96.7£79.6  164.8+241.0
later
MEAN RR Pre *838.6+93.3 800.1+£103.6 763.23+121.4 711.0£154.5 730.4+156.1 718.7+155.6
INTERVAL 9 months  802.7+70.8  805.9+79.6 811.3£96.9 807.4+88.0 805.3£99.3 799.8+103.7
(ms) later
LF (msz) Pre #67.2+16.5 68.0+12.9 69.2+10.8 68.4+18.6 67.6+22.8 71.3£22.6
9 months  58.9+20.1 67.8+17.5 67.2+70.7 67.2+16.4 62.2+17.3 66.1+25.2
later
HF (msz) Pre #32.8+16.5 32.1+12.9 30.8+10.8 31.6+18.6 32.44+22.8 28.7+£22.6
9 months  41.1+20.1 32.2+17.5 32.8+16.4 32.8+16.4 37.8+17.3 33.94+25.2
later
LF/HF ratio Pre 2.7£1.5 2.7£1.5 2.7£1.5 3.5+£2.7 3.6£2.6 5.2+£5.2
9 months 2.1+1.7 2.9+1.8 2.9+2.4 5.3£7.0 2.2+1.3 8.2+17.6
later
rMSSD(ms) Pre 42.7+67.2 32.0+£23.3 24.0+12.1 20.5+17.5 31.8+37.3 28.8+31.1
9 months  31.1+17.2 42.6+34.3 52.3+56.9 49.7+58.8 76.7£102.2 79.8+79.7
later
pPNN50% Pre 7.7£11.4 #5.8+4.3 4.5+3.9 6.6£12.3 9.1£14.8 8.1+12.1
9 months  10.3+13.2 6.3+7.4 10.0£15.1 10.0+£15.1 10.3£15.8 9.5+13.7
later
All data are mean + SD.SDNN;, standard deviation of the normal RR intervals, MEAN RR INTERVAL,
mean duration of all normal to normal RR intervals, LF; low frequency component, HF; high frequency
component, rMSSD;square root ofmean squared forward differences of successive NN intervals,
pPNNSO;proportion of successive NN intervals differences>50
*Differences between hours; # Differences between pre and post exercise
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Echocardiographic data are presented in Table 3.

IVSTd (p=0.029) and DT (p=0.004) obtained before the initialization of the HD session were both found
to be significantly lower 9-months after exercise training. Significant improvements were observed in the
EF after intradialytic exercise both at baseline and after the nine month intervention period, whilst the
pre-HD value of EF appear to be significant improved at baseline after the nine months of exercise
training compared to the baseline value (p=0.046). Conventional Doppler as TDI indices of diastolic
function did not differ significantly between the two groups (p>0.05). Finally, at the end of hemodialysis
session were observed differences in EF% (p= 0.054) and DT (p=0.014).

Table 3. Echocardiographic indices pre and post exercise training

Parameter Scenario Pre During Post

Standard

echocardiographic

indices

IVSTd(mm) Pre *11.9+2.2 11.1+£2.3 10.4+1.8
Post *9,9+2.3 11.0+4.2 9.9+2.5

LVPWTd (mm) Pre 11.0£2.4 10.4+2.4 9.9+1.8
Post 9.9+2.4 9.3+2.5 9.84+2.1

LVIDd(mm) Pre 45.5+4.6 28.8+4.0 44.8+4.5
Post 48.0+6.2 45.6£5.7 46.9+£5.6

LV mass(g) Pre 57.8£9.0 54.2+10.7 51.7+6.9
Post 55.4+10.2 56.5£15.9 55.1+10.2

LV Pre 31.7£3.8 26.7£10.0 28.24+4.3

mass/BSA(g/m?)
Post 29.7+4 .4 30.0+5.8 29.34£5.5

LV mass/height®’ Pre 14.7£2.2 12.3+4.8 12.942.1
Post 14.1£2.9 14.0+£3.7 13.6+3.1

EF (%) Pre %48.7+11.1 52.8+10.1 #50,0+13.4
Post *58.8+6.5 60.4+10.1 *56.1+3.4

Delta change of EF Pre 6.3+7.2
Post 0.449.6

Doppler Mitral

inflow indices

E (mmis) Pre 0.8+£0.2 0.6+0.13 0.7+0.1
Post 0.8+0.2 0.6+0.2 0.7+0.2

A (mm/s) Pre 0.9£0.2 0.8+0.3 0.9+0.3
Post 0.9+0.3 0.8+0 3 0.8+0.3

E/A Pre 0.9+0.2 0.9+0.3 1.0+£0.4
Post 1.1+0.4 0.9+0.4 0.9+0.3

DT (ms) Pre *%250.9+48.0 255.3£70.2 **261.1+61.9
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IVRT(ms)
Tissue Doppler
myocardial
velocities indices
E’ (mm/s)

A’ (mm/s)

E/A°

E/E’

Post
Pre
Post

Pre
Post
Pre
Post
Pre
Post
Pre
Post

*%192.3+41.4
62.1+£12.4
73.4+13.3

0.10+0.0
0.1£0.0
0.9+£0.0
0.1+0.0
1.0+£0.4
1.3£1.1
10.2+3.5
8.4+3.4

228.5+43.1
56.6+12.6
69.4+17.8

0.1£0.0
0.1£0.0
0.1£0.0
0.1£0.0
0.9+0.5
0.8+0.3
8.1+£2.7
8.6+3.7

*%215.0+£50.5
63.8+13.2
71.6+14.7

0.1£0.0
0.1£0.0
0.1£0.0
0.1£0.1
0.8+0.4
1.1+0.7
10.0+4.1
7.5£3.7

All data are mean £+ SD.

IVSTd, interventricular septum thickness in diastole; LVPWTd, left ventricular posterior wall thickness in

diastole; LVIDd, left ventricular internal diameter in diastole; LV, left ventricle; BSA, body surface area;

EF, ejection fraction; E, early diastolic mitral flow velocity; A, late diastolic mitral flow velocity; E/A,

ratio of early to late diastolic flow velocity, DT, deceleration time; IVRT, isovolumic relaxation time, E’,

early mitral annular velocity, A’, late mitral annular velocity; E’/A’, ratio of early to late mitral annular

velocity; E/E’, ratio of early mitral flow velocity to early mitral annular velocity.

**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).
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Association between echocardiographic indices and body composition

During the pre-exercise scenario TBW, LTM and BCM correlated positively with LV mass and 1VSTd
(Table 3).

Moreover, linear regression analyses were conducted to predict LV mass and IVSTD based on TBW. The
results indicated that TBW explains 47.8% of the variation in the LV mass and 54% of the variation in
IVSTd. TBW was a significant predictor of LV mass as well. The regression equation used were:
LVmass = 27.45 + 0.69 * TBW, R2 = .48, F(1, 10) = 8.26, p =.018 and IVSTd =3.76 + 0.74* TBW, R2
= .54, F(1, 10) = 10.57, p = .010.

Table 4.Correlations between Body Composition and Echocardiography indices
IVSTd(mm)  LVmass(g) BSA(m?) LVmass/BSA(g/m®) IVRT(ms)

TBW(L)  .491(%) A491(*) 697(**) -.585(*)
LTM(kg)  .587(%) AT7(%)

FAT(kg) -527(%)

BCM(kg)  .564(%) 491(%)

All data are mean + SD. 1VSTd, interventricular septum thickness in diastole; LV, Left Ventricle; BSA,
body surface area; IVRT, Isovolumic Relaxation Time;TBW, Total Body Water; LTM, Lean Tissue Mass;
BCM; Body Cell Mass.

**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).

After 9-months of exercise training TBW value was positively correlated with LVPWTd (r=0.535, p=
0.046), and BCM value was negatively correlated with EF% (r= -.580, p= 0.034). (Table 4). Also linear
regression analysis was conducted to predict LVPWTd based on TBW. The results indicated that TBW
explains 43% of the variation in the LVPWTd. TBW was a significant predictor of LVPWTd. The
regression equation was: LVPWTd = 3.49 + 0.66 * TBW, R2 = .43, F (1, 8) =5.35, p = .054.
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Table 5.Correlations between Body Composition and echocardiography indices
LVPWTd(mm) EF%
TBW(L) 0.535(*)

BCM(kg) 0.580(*)
All data are mean = SD. LVPWTd, left ventricular posterior wall thickness in diastole; EF, Ejection
Fraction; TBW, Total Body Water; BCM; Body Cell Mass.
*Correlation is significant at the 0.05 level (2-tailed).
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Association between echocardiographic indices and HRV

Significant correlations were observed between HRV variables and echocardiography indices when the
assessments were conducted before the start of the HD session. In particular, LF, HF and LF/HF ratio

correlated with LVmass/BSA, E/A, E’ after 9 months of exercise training program (Table 4).

Table 6.Correlations between echocardiographic indices and HRV pre dialysis session

Scenario MEAN RR SDNN rMSDD
INTERVAL (ms) (ms) PNN50%  LF(ms?) HF(ms?) LF/HF
(ms)

IVSTd(mm) Pre

Post 0.809(**) 0.758(**)
LVmass/BSA(g/ Pre
m?)

Post 0.492(*) -0.443(*%) 0.443(*) -0.443(*%)
E(mm/s) Pre -0.614(*)

Post
E/A Pre

9 Post 0.485(*) -0.485(*) 0.485(*)
DT (ms) Pre

Post 0.492(*)
IVRT(ms) Pre

Post -0.486(*)
E’ (mm/s) Pre 0.582(*) 0.582(*) 0.582(*)

Post 0.729(**) 0.729(**) 0.729(**)
E/E’ Pre -0.545(*) 0.545(*) -0.545(*)

Post

All data are mean + SD.

IVSTd, interventricular septum thickness in diastole; LV, left ventricle; BSA, body surface area; E, early
diastolic mitral flow velocity; E/A, ratio of early to late diastolic flow velocity; DT, deceleration time;
IVRT, isovolumic relaxation time, E’, early mitral annular velocity; E/E’, ratio of early mitral flow
velocity to early mitral annular velocity; MEAN RR INTERVAL; mean duration of all normal to normal
RR intervals, SDNN; standard deviation of the normal RR intervals, rMSSD; square root of mean
squared forward differences of successive NN intervals, pNNSO; proportion of successive NN intervals
differences>50; LF; low frequency component, HF; high frequency component

**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).
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In Table 5 the data obtained during the HD session are presented. Significant correlations between HRV
indices (LF, HF, LF/HF) and echocardiographic indices pre exercise training program were observed
(Table 5).

Table 7.Correlations between echocardiographic indices and HRV during the hemodialysis session

Scenario  MEAN RR rMSDD(ms) LF(ms®)  HF(ms®) LF/HF

INTERVAL ratio
(ms)

IVSTd(mm) Pre -0.511(*) 0.511(*) -0.539(*)
Post

LVPWTD(mm Pre

)
Post -0.485(*)

LVIDs(mm) Pre
Post

LVmass/BSA Pre -0.564(*) 0.564(*) -0.587(*)
Post

LVmass/height Pre -0.600(*) 0.600(*) -0.624(**)
Post

EF% Pre
Post 0.455(*)

E(mm/s) Pre -0.545(*)
Post

E/A (mm/s) Pre -0.673(**)
Post

E’> (mm/s) Pre 0.506(*) -0.506(*)  0.511(*)
Post -0.492(*%)

E/E’ (mm/s) Pre 0.697(**) -0.514(*) 0.514(*) -0.537(*)
Post

All data are mean + SD.

IVSTd, interventricular septum thickness in diastole; LVPWTd, left ventricular posterior wall thickness in
diastole; LVIDd, left ventricular internal diameter in diastole; LV, left ventricle; BSA, body surface area;
EF, ejection fraction; E, early diastolic mitral flow velocity; E/A, ratio of early to late diastolic flow
velocity; E’, early mitral annular velocity, E/E’, ratio of early mitral flow velocity to early mitral annular

velocity;MEAN RR INTERVAL; mean duration of all normal to normal RR intervals, rMSSD; square
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root of mean squared forward differences of successive NN intervals, LF; low frequency component, HF;
high frequency component
**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).

Post hemodialysis A’ correlated negatively with rMSDD (r= -.491, p= 0.036).and pNNSQ0%(r= -.477, p=
0.042) after the 9 months exercise training program (Table 6).

Table 8.Correlations between echocardiographic indices and HRV after dialysis session

Scenario rMSDD(ms)  pNN50%
A’(mm/s) Pre
Post -0.491(*) -0.477(*)

All data are mean + SD.
A’, late mitral annular velocity,rMSSD, square root of mean squared forward differences of successive

NN intervals, pNNSO; proportion of successive NN intervals differences>50

Figure 1. Changes in exercise capacity during the 9-month aerobic exercise training period. * p<0.01

from the pre-training values.

The nine month aerobic exercise intervention improved exercise capacity by 65% (Fig 1)
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Functional capacity data are presented in Table 9. All functional tests were improved after the 9
month exercise intervention program with exemption the handgrip where the differences did not

reach the statistical significant level (P=0.066) .

Table 9. Functional capacity data before and after the 9 month of exercise training program

Pre Training Post Training P values*
Handgrip 25.846.5 28.94+7.4 0.066
STS5(sec) 13.9+5.1 9.2+3.3 0.005
STS30(rep) 10.4+2.1 17.3+£3.9 0.000
STS60(rep) 18.3£5.4 29.8+8.6 0.000

All data are mean + SD. An unpaired t-test was used to assess the differences between pre and 9
months later of exercise program. STS; sit-to-stand, * Significant changes between Pre and Post

values
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Parameters related to fatigue and pain are presented in Table 10. Only the MFI and the FIQ were

significantly improved after the implementation of the 9 month intradialytic exercise training.

Table 10. Changes in aspects related to fatigue profile before and after 9 months of intradialytic

exercise training

Pre Training Post Training P values*
FSS 3.8+1.2 3.3£1.8 0.510
(0.8-5.2 NV)
BFI 1.2+1.1 1.4£1.0 0.503
(0-2 NV)
MFI 50.3%10.1 33.8+15.4 0.009
(0-12 NV)
FIQ 16.2+4.9 7.8+7.1 0.005
(0-49 NV)
PAIN 0.1+0.8 0.1+0.3 0.643

(no clear cut off)

Abbreviations: FSS, Fatigue Severity Scale; NV; normal values, BFI, Brief Fatigue Inventory; MFI,
Multi-Dimensional Fatigue Inventory; FIQ, Fiberomyalgia Impact Questionnaire, PAIN, McGill Pain
Questionnaire. Normal values for FSS [236], BFI [237], MFI, FIQ[238]
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The associations between echocardiographical indices and functional capacity are presented in
Table 11. Left ventricular internal diameter in diastole was strongly correlated with functional

capacity and more specific with muscle endurance.

Table 11. Correlations between patients” myocardial stunning indices and functional ability after the

9 months training

STS30(rep) STS60(rep)
LVIDd r=-0.605(**) r=-0.457(*)
p=0.007 p=0.044

All data are mean + SD. IVIDd, left ventricular internal diameter in diastole STS, sit-to-stand. *

Significant differences at P<0.05, ** Significant differences at P<0.01
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Discussion

The aim of this study was to investigate the effect of 9 month exercise training during dialysis on
myocardial stunning and HRV in hemodialysis patients. It is well known from previous research that
exercise training could result into significant cardioprotective adaptations in HD patients and alleviate the
high cardiovascular risk which these patients are exposed to [80] [239].

Myocardial stunning is very common in the HD population and it is associated with increased mortality
and morbidity whilst the patients with myocardial stunning tolerate the HD therapy less well compared to
the patients who do not exhibit this phenomenon [240]. The present study showed that 9 months of
exercise during hemodialysis sessions increased significantly the Ejection Fraction, an index of systolic
function of the heart reducing therefore the level of myocardial stunning induced by the hemodialysis
therapy. The findings of the current study confirm data derived from previous studies suggested that
chronic intradialytic exercise training could induce favorable changes in ejection fraction and thus

cardiac function [192, 241] as well as improved stroke volume and cardiac output [192, 242].

In our study the HF parameter was found to be significantly increased after 9 months of exercise training;
however the respective improvements in the respective resting values appeared to be significantly
decreased. According to the literature, exercise training can reduce emotional distress and concomitantly
improve heart rate variability [123] reducing therefore the susceptibility to arrhythmias [241]. Our
findings bears of high clinical significance as reduction in the SDNN, LF, and LF/HF parameters
predicted cardiovascular death and more specifically sudden death [103]. Taking all into account, is
seems that the intradialytic exercise training induced anti-ischemic and anti-arrhythmic cardio-protective

effect could reduce myocardial stunning and improve survival in HD patients.

Bioelectrical impedance method has been used before in chronic kidney disease patients in terms of
assessing volume status which in terns could negatively affect cardiac morphology [243]. Regarding the
body composition and its association with heart functioning, this study indicated that TBW predicted the
LV mass and IVSTd. It is well known that LV mass and left ventricular hypertrophy is considered to be
strong predictor of mortality in the HD population [244].The usage of the multi-frequency bioelectrical
impedance analysis in terms of predicting LV hypertrophy should be examined in depth in the future in
order to extract safer conclusions. Another important finding of the current study is the relation between

left ventricular internal diameter in diastole with the functional capacity. This finding is highlighting the
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relation between cardiovascular health and exercise fitness supporting further the significance of

increased physical activity in the everyday routine of patients with end stage renal diseases.

Conclusions

In conclusion, 9 months of intradialytic exercise have promoted a significant improvement of ejection
fraction, reducing myocardial stunning induced by the hemodialysis therapy. Those finding come in
match with the data of a number of previous studies which have indicated that HD patients who
experience cardiovascular instability during intra-dialytic exercise may benefit from exercise programs in
the inter-dialytic interval [245]. Therefore, it seems that regularly intradialytic exercise training could be
suggested as a non-pharmacological approach for reducing cardiovascular risk of death in HD patients.
Long-term controlled studies are needed to evaluate the benefits of exercise training on clinical

outcomes.
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Research Paper 5: The effect of a 9 month intradialytic exercise training

program on neural function in patients receiving hemodialysis therapy
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Abstract

Introduction: Uremic peripheral neuropathy is a very common condition occurring in 60-
80% in end stage renal disease patients. The uremic polyneuropathy is a distal, sensorimotor
polyneuropathy, characterized by segmental demyelination and remyalination as well as
axonal degeneration. Uremic neuropathy is considered as a common reason for developing
muscle atrophy in HD patients while clinical and neurophysiological indication of recovery
from uremic neuropathy has been seen only after renal.

Evidence from non-renal failure patients show that long term regular exercise training could
stop or even reverse neural abnormalities however the mechanism that exercise can induce
changes in the neural status is partially understood involving peripheral neural adjustments
to the metabolic changes after training.

Aims: The aim of the present study was to assess the relationship between fatigue and
neural function in HD patients and whether a 9 month intradialytic exercise training program
could alter motor and sensory neural function in patients receiving hemodialysis therapy
with no clinical evidence of uremic polyneuropathy.

Methods: Seventeen stable undergoing hemodialysis patients were included in the study
(15M/2F, 59+13.7 years). All participants completed a 9-month supervised aerobic exercise
training program during HD (3 times weekly). Functional capacity assessed by a battery of
tests, while pain levels and fatigue profile were assessed via validated questionnaires, before
and after the intervention period. Motor and sensory nerve conduction studies on bilateral
median, ulnar, peroneal and tibial nerves as well as F-wave were assessed using a full
neurographic EMG system and performed pre and post exercise training program.

Results: After the nine month aerobic exercise training intervention, exercise capacity
increased by 65% and functional capacity by an average of 40%.Neurological assessment
showed that conduction velocity from Tibial and Peroneal nerves was improved by 3.7%
and 4.2% respectively after the 9 month intervention while Tibial F-wave latency and
Peroneal and Sural nerve distal latency were significantly improved by 4.2%, 4.9% and 10%
respectively. Fatigue and pain was improved after the exercise intervention while fatigue

score was positively correlated with conduction velocity and amplitude values.
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Conclusions: In conclusion the results of the current study demonstrate that exercise
training induces beneficial effects on both sensory and motor neural function improving
conduction velocity and F-wave latency. Improvements in neural activity are accompanied
by changes in fatigue score and pain related aspects. The parallel improvement in motor
nerve conduction velocity and its correlations with functional tests supports the hypothesis
that exercises could be beneficial for preventing diseases-induced neuropathies in HD

patients.
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Introduction

The hemodialysis (HD) procedure maintains end-stage renal disease (ESRD) patients alive
but as it cannot substitute for a healthy kidney, it heavily taxes the patient’s
neurophysiology. With regards to skeletal muscle HD patients demonstrate severe atrophy,
fat infiltration, and other abnormalities implying often neurological disturbances [98, 109,
133]. With regards to cardiovascular health, hemodialysis-induced cardiac injury may
trigger intradialytic and post-dialytic arrhythmias [198] while with regards to mental and
emotional health, HD patients face an uphill struggle with diminished autonomy and quality
of life, often reflected in depression [199] as they enter the vicious cycle of inactivity fed
fatigue which leads to diminishing functional capacity.

Uremic peripheral neuropathy is a very common condition in ESRD patients occurring in
60-80% of these patients population [246]. The uremic polyneuropathy is a distal,
sensorimotor polyneuropathy, characterized by segmental demyelination and remyalination
as well as axonal degeneration [247]. The electrophysiological characteristics of uremic
neuropathy involve peripheral motor and sensory nerves and may deteriorate with age and
HD treatment duration [248, 249]. One of the most sensitive parameter for assessing patients
polyneuropathy status is the “F-wave latency” which is also an additional to KT/V
parameter for assessing dialysis efficiency [249] since reduced nerve conduction velocity is
very frequent in HD patients [250]. Uremic neuropathy is considered as a common reason
for developing muscle atrophy in HD patients [133, 250] while clinical and
neurophysiological indication of recovery from uremic neuropathy has been seen only after
transplantation in the majority of the recipients [251, 252].

Research findings examining the association between peripheral polyneuropathy and health
related quality of life have shown that depression due to the HD patient’s inability to
participate in everyday life’s activities is becoming an important factors that affects the
overall quality of life of these patients population [253]. Noteworthy, increased levels of
fatigue are associated with low levels of quality of life in these patients [15]. Fatigue is a
common phenomenon in HD patients, yet it is often unrecognized and undertreated [19]. A
significant proportion of these patients need more than 3 hours to recover after dialysis due

to the post dialysis fatigue [9]. In addition, physical activity and exercise could reduce
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fatigue levels, which it is well known to be one of the major factors that contribute to the
low quality of life levels in HD patients [254]. There are many nerve conduction studies
investigating HD patients [246] however none of those have used any non-pharmacological
intervention to improve neural functionality. In addition, exercise trials have been used to
improve health and quality of life in HD patients however apart of one study that used
neurological examination as a site measurement [100] there are no studies to investigate
whether a regular exercise training program could preserve and improve neural functionality
in these patients. It seems that long term regular exercise training could stop or even reverse
these abnormalities. Indeed studies in healthy volunteers and patients with diabetic
neuropathy have shown that exercise training can improve conduction velocity (CV) [255,
256] and reduce incidence of developing motor and sensory neuropathy in the future [257].
The mechanism that exercise can induce changes in the neural status is not fully understood,
however, improvements in sleep [131], fatigue [132], functional capacity [133],
cardiovascular physiology [258] and peripheral neural adjustments to the metabolic changes
after training [100] could at least partially explain some of the improvement seen in those
patients after the exercise training period.

The aim of the present study was to assess the relationship between fatigue and neural
function in HD patients and whether a 9 month intradialytic exercise training program could
alter motor and sensory neural function in patients receiving hemodialysis therapy with no

clinical evidence of uremic polyneuropathy.
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Methodology

Ethics Statement

The study was approved by the Human Research and Ethics Committee of the University of
Thessaly, and by the bioethics committee of the University General Hospital of Larissa, and
the General Hospital of Trikala, Greece. All patients gave their written informed consent

prior to study participation.

Study population

Seventy eight patients were assessed for eligibility while only seventeen HD patients
(15M/2F, 59+13.7 years) participated in the study (Flow Chart). Patients were recruited from
the HD unit of the local hospitals and all testing was performed on site in the hospital.

Inclusion & Exclusion criteria

Inclusion criteria were: dialysis for at least six months or more with adequate dialysis
delivery (Kt/V > 1.1), and with stable clinical condition. Exclusion criteria were: patients
unable to give informed consent, opportunistic infection in the last 3 months, malignancy or
infection requiring intravenous antibiotics within 2 months prior to enrollment, with HIV, or
musculoskeletal contraindication to exercise or requirement for systemic anticoagulation,
participating or having participated in an investigational drug or medical device study within
30 days or five half-lives, pregnant, breast feed or female of childbearing potential who did
not agree to remain abstinent or to use an acceptable contraceptive regimen. Also, patients
who were judged to have clinically significant abnormalities upon clinical examination or
laboratory testing, or who were unable to adequately cooperate because of personal or
family conditions, or those who suffered from a mental disorder that interferes with the
diagnosis and/or with the conduct of the study, e.g. schizophrenia, major depression,

dementia were excluded from this study.

General Study Design
Patients were assessed before (PRE) and after (POST) the 9-month aerobic exercise training

program. Training was implemented during their HD session while the exercise program
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was supervised by 2 specialized exercise trainers. Cycle exercise was performed 3 times
weekly for 60 minutes each time starting between the first 2hr of HD using an adapted cycle
ergometer (Model 881 Monark Rehab Trainer, Varberg, Sweden) at an intensity of 50-60%
of the patient’s maximal exercise capacity, which was estimated during a previous HD
session [145, 146].

During and before release from the HD unit, body mass, systolic and diastolic blood
pressures (SBP, DBP) and heart rate (using the RS800CX, Polar Electro Oy, Kempele,
Finland) were monitored and recorded. Participants’ blood chemistry records were recorded
before and at the end of the 9-month study. Participants were assessed in aspects related to

neural function, exercise and functional capacity.

HD procedure

The patients underwent the HD therapy (Fresenius 4008B, Oberursel, Germany) 3 times per
week with low flux, hollow-fiber dialyzers and bicarbonate buffer. The HD session lasted 4
hours. An enoxaparin dose of 40-60 mg was administered intravenously before the beginning
of each HD session. EPO therapy was given after the completion of HD session in order to

normalize hemoglobin levels within 11-12 (g/dL).

Anthropometrics and Body composition

The patients’ dry weight (ideal weight after removal of excess fluids) was recorded from
patients medical record. Together with patients’ height it was used to calculate body mass
index (BMI).Waist and hip peripheries were measured and the waist to hip ratio (WHR) was
calculated. Body composition was assessed using a whole-body multi-frequency bio-
impedance spectroscopy system (BCM®, Fresenius Medical Care, Bad Homburg, Germany),
to estimate fat mass (FM), lean tissue mass (LTM), total body water (TBW) and body cell
mass (BCM) [148]. The body composition measurements were taken immediately before the

initiation and after the completion of the HD session and with the participants rested in the
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supine position. Electrodes were placed on the wrist of the arm without the arterio-venous
fistula as well as on the ipsilateral ankle and connected to the BCM device [149].

Blood Chemistry

Routine monthly laboratory results were recorded including C-reactive protein, ferritin, iron,
hematocrit, and hemoglobin. The analyses were performed at the clinical biochemistry lab of
the University Hospital of Larissa under standard hospital procedures.

Exercise capacity

Using an incremental cycle ergometer test [146] we assessed exercise capacity before, at 3
months, at 6 months and at the end of the 9-month exercise intervention. Values recorded
were used to re-adjust the submaximal training intensity of the intradialytic exercise sessions

of this program.

Functional Capacity

The patient’s functional ability levels were assessed via two Sit-to-Stand tests from which
three scores were recorded (time taken to complete 5 sit-to-stands STS-5, number of

repetitions in 30°” STS-30 and number of repetitions in a whole minute, STS-60).

Handgrip strength

Maximum isometric handgrip strength, (HGS), was measured on the non-fistula (dominant)
side [147] before, every hour during a dialysis session and 30 minutes after the end of HD
using a handgrip dynamometer (Charder MG4800 Medical Handgrip Dynamometer, Charder
Electronic Taiwan). The dynamometer was adjusted so that it fit comfortably to subjects palm
size. Before data collection, a warm-up — familiarisation session was performed followed by
2 min rest. Subjects were instructed to grip the dynamometer and apply maximum force in
response to a voice command. The subjects stood with both arms extended sideways from the

body with the dynamometer facing away from the body. Two trials were performed with a
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rest period of at least 1 min between trials and the highest HGS value, before and after the
HD session, was used in the analyses.

Nerve conduction studies
Motor and sensory nerve conduction studies on bilateral median, ulnar, peroneal and tibial
nerves as well as F-wave were assessed using a full neurographic EMG system (Keypoint
EMG Medtronic, Skovlunde, Denmark). Assessment took place pre and post exercise
intervention in all HD patients.

1. Motor conduction studies
The median and ulnar nerve compound muscle action potentials (CMAPS) were evoked with
a 1-cm-diameter cathode, 2 cm distal to the 1-cm-diameter anode, and recorded with 1-cm
diameter stainless steel disc electrodes. For median nerve motor conduction studies, the
recording electrode was placed over the motor point of the abductor pollicis brevis muscle,
at the midpoint of a line drawn from the first metacarpophalangeal joint to the insertion of
the tendon of the flexor carpi radialis muscle, and with the reference electrode over the distal
interphalangeal joint. The median nerve was stimulated at the wrist 80 mm proximal to the
recording electrode and at the antecubital fossa. For ulnar nerve motor conduction studies,
the recording electrode was placed over the motor point of the abductor digiti minimi
muscle, at the midpoint of a line between the fifth metacarpophalangeal joint and the
piriform bone, with the reference electrode over the middle phalanx of digit V. The ulnar
nerve was stimulated at the wrist 80 mm proximal to the recording electrode and the elbow.
For the tibial nerve, the CMAP was recorded by the active electrode placed over the middle
of the abductor hallucis muscle, and the reference electrode placed over the proximal
phalanx of digit I. The nerve was stimulated below the medial malleolus and in the popliteal
fossa. For peroneal nerve motor conduction studies, the recording electrode was placed in
the middle of the extensor digitorum brevis muscle. The peroneal nerve was stimulated at
the ankle, 80 mm proximal to the recording electrode, lateral to the
tendon of tibialis anterior muscle, and below the knee, 20-50 mm distal to the proximal part
of the caput fibula.

Parameters

132

Institutional Repository - Library & Information Centre - University of Thessaly
02/05/2024 20:22:24 EEST - 18.222.119.227



The amplitude of the CMAP was measured from baseline to the negative peak. The duration
was measured from the point leaving the baseline to the first negative-to-positive crossing of
the baseline. The latency of the CMAP was from the stimulus point to the starting point of
the wave, normally at the start of the negative deflection. If the first deflection was in a
positive direction at the distal stimulation site, even after careful adjustment of the recording
electrode placement, the distal latency (DL) was measured
to the first deflection from the baseline. The area of the CMAP was that which existed under
the negative peak. The F wave latency was defined from the shortest F-wave latency of 20
consecutive stimuli minus distal motor latencies.

2. Sensory conduction studies
The bipolar fixed electrodes with the 7-mm-diameter cathode 23 mm distal to the 7-mm-
diameter anode mounted on a plastic bar (Medtronic 9013L0361) were used for both
recording and stimulating. Median and ulnar sensory nerve action potentials (SNAPs) were
obtained orthodromically, stimulating from the index fingers (median nerve) or the little
finger (ulnar nerve) and recording at the wrist. Sural SNAPs were elicited antidromically,
recording behind the lateral malleolus and stimulating on the dorsal aspect of the calf 140
mm proximal to the recording site. The responses were averaged at least 10 times.
Parameters
The amplitude of the SNAP was measured from the negative peak to a line joining the
positive peaks. The duration was the time between the positive peaks. The latency of the
SNAP was from the stimulus point to the first positive peak. Sensory nerve conduction
velocity (CV) included the distal segment, determined by dividing the wrist-to-electrode
distance by the latency of the SNAP. The standard reference values for NCS of the testing
laboratory were used. The diagnosis of polyneuropathy was based on the presence of one or
more abnormalities in two or more nerves on neurography according to standard criteria.
In Tables 1a and 1b are presented the reference normal values of the examined motor and

sensory conduction parameters [259].
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Table la. Reference values of nerve compound muscle action potentials (CMAPS)

parameters [259]

Motor Conduction >60 years Standard Adult
Normal Range
Median
Amplitude 4-11 4-18
Conduction Velocity 48-62 49-70
Distal Latency 2.8-45 2.4-4.4
Distance 70 70
T Ulnar
a Amplitude 5-15 6-16
Conduction Velocity 48-65 49-71
b Distal Latency 2.2-3.8 1.8-3.5
| Distance 70 70
o Peroneal
Amplitude 1.5-9 2-12
Conduction Velocity 35-48 41-57
1 Distal Latency 3.4-6.1 3.3-6.1
b Distance 90 90
Tibial
Amplitude 3-20 3-26
Conduction Velocity 38-66 41-53
Distal Latency 3.5-6.6 2.7-6.1
R Distance 80 80

Institutional Repository - Library & Information Centre - University of Thessaly
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Table 1b. Reference values of sensory nerve action potentials (SNAPs) parameters [259].

Sensory Conduction >60 years Standard Adult
Normal Range

Median

Amplitude 10-60 >20

Conduction Velocity 49-69 53-73

Distal Latency 2.3-4.3 2.5-3.7

Distance 140 140

Ulnar

Amplitude 8-75 >10

Conduction Velocity 49-76 53-73

Distal Latency 2.5-4.1 2.4-3.5

Distance 140 140

Sural

Amplitude 4-35 6-47

Conduction Velocity 40-51 >40

Distal Latency 3.3-5.1 3.2-4.2

Distance 140 140
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Vital signs measurements

Systolic and Diastolic Blood pressure, Oxygen saturation (SpO2) and Heart Rate (HR) were
measured before, every hour and after the dialysis session. Blood pressure and HR were
measured automatic using the HD machines BP system, while SpO2 was assessed using a
fingertip monitor (Onyx 11, Nonin Medical, Inc. Plymouth, MN USA). Data are presented in
Paper 3.

Fatigue

Fatigue was assessed using various questionnaires evaluating different aspects of fatigue
(chronic, subacute and acute).

Chronic general fatigue was assessed by Fatigue Severity Scale (FSS) [218]. This
questionnaire contains nine statements concerning respondent’s fatigue to measure fatigue
severity. Additionally, we used the Multidimensional Fatigue Inventory (MFI) [219] which
is a 20-item scale designed to evaluate in general the dimensions of general fatigue, physical
fatigue, reduced motivation, reduced activity, and mental fatigue. For subacute fatigue, we
used the Brief Fatigue Inventory (BFI) [151] which is an instrument that can be
administered in a clinical setting to assess the severity of fatigue experienced by patients, as

well as its impact on their ability to function over the previous 24h.

Pain perception

Each patient completed the McGill pain questionnaire [260] for assessing acute pain
sensation and the Fibromyalgia Impact Questionnaire (FIQ) [157]. The FIQ self-
administered guestionnaire developed to measure fibromyalgia (FM) patient status, progress

and outcomes. The instrument contains 11 questions measuring physical functioning, work
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status (missed days of work and job difficulty), depression, anxiety, morning tiredness, pain,

stiffness, fatigue, and well-being over the past week.

Statistical analysis

The results are expressed as mean + SD. Statistical analysis was performed using two-way
repeated measures analysis of variance (ANOVA). For comparing initial and final values
(pre and post exercise training) paired t test were used for parametric and non-parametric
data. All the statistical analysis was performed using the Statistical Package for the Social
Sciences (SPSS for Windows, version 18.0, Chicago Ill). Differences were considered

significant when and P<0.05.
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Results

Flow Chart

[ Enrollment ] Assessed for eligibility (n= 78)

Excluded (n= 57)

+ Not meeting inclusion criteria (n=32)

\ 4

+ Declined to participate (n=10)
+ Other reasons (n= 15)

Enrolled (n=21)

Allocated to intervention (n=21)
[ Allocation ] + Received allocated intervention (n=21)
A 4
Lost to follow-up (hospitalization/refuse to
[ Follow-Up ] repeat the tests) (n=4)

A 4

] Analysed (n=17)

[ Analysis
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Patient basic characteristics are presented in Table 1. All seventeen stable hemodialysis

patients who participated in the study completed the 9-month intervention training program

without any adverse effects. There were no significant differences between pre and post

exercise training program in all baseline variables even though the post training values were

numerically improved.

Table 2. Hemodialysis patient basic characteristics

Variables Pre Training Post Training
N 17 17
Female/Male 2/15 2/15

Age (yr) 61.3+14.8 61.3+14.8
Weight (kg) 69.849.7 70.6+9.2
Height (m) 1.7+0.1 1.7£0.1
BMI (kg/m?) 24.6+2.6 24.842.6
Steps per week 52438.6+26253.3 46749.9+32860.3
Kt/vV 1.56+0.46 1.47+0.33
CRP(mg/dL) 2.1+3.9 1.3+3.2
HCT 34.0+£3.9 33.3+2.5
Hb(g/dL) 11.0+1.3 10.6+0.8
Iron(pg/dL) 51.8422.9 57.1£33.5
Ferritin (ng/mL). 525.14+869.1 454.8+503.9
WHR 1.0£0.1 1.0+0.1
Total Fat (kg) 21.5+8.4 19.9+8.2
TBW (L) 34.145.6 35.246.4
LTM (ko) 41.249.3 42.249.2
BCM (kg) 23.446.2 24.0+6.3

All data are mean = SD. BMI, Body mass index; CRP, C Reactive Protein;, HCT,

hematocrit; Hb, hemoglobin; WHR, waist to hip ratio; Kt/V, dialysis efficiency; TBW, total

body water; LTM; lean tissue mass; BCM, body cell mass.
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Figure 1. Changes in exercise capacity during the 9-month aerobic exercise training period. *

p<0.01 from the pre-training values.

None of the patients participated in the study showed signs of peripheral neuropathy. Nine
months of intradialytic exercise training program revealed a significant change in the
amplitude of the median nerve sensory nerve action potentials (SNAPs) at the end of the
intervention period (21.6£10.2) (V) compared to the initial measurement (12.9+4.5) (uV)
(Table 3).

The conduction velocity (CV) of the Tibial nerve was significant different after nine months
of exercise training (43.14£3.5) (m/s) compared to pre exercise training values (44.7+4.7)
(m/s) while the F wave latency of the same nerve was 55.0+8.3 (ms) and 52.7+6.4 (ms) pre
and post training respectively (Table 3).

Analyses indicated a significant prolongation of the peroneal nerve Post exercise (4.1+0.9)
(ms) compared to Pre value (3.9+£0.6) (ms) while the F wave latency was also significant

different Pre and Post exercise training values respectively (45.0+£3.4 vs 43.2+4.7) (Table 3).

The exercise training imposed a shortening of sural nerve latency after the 9 months training

(Pre 3.0+£0.6 vs Post 2.7+0.5) while the amplitude in this nerve was significant increased at
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the post training measurements (Pre 10.944.5 vs Post 14.0+6.9). All other parameters were

essentially unchanged.

Table 3. Nerve conduction assessment pre and post exercise training program

Parameters Pre Training Post Training P values*
Median-M

L(ms) 3.8+0.6 3.7+£0.5 0.121
Amp(mv) 14.4+4.3 13.4+4.6 0.105
CV(m/s) 52.34£5.2 51.4+4.0 0.389
F latency(ms) 29.0+£3.2 28.84£2.8 0.616
Median-S

L(ms) 2.7+0.4 2.7+0.4 0.872
Amp(mv) 12.9+4.5 21.6+10.2 0.000
CV(m/s) 52.2+7.4 49.9+£5.6 0.328
Ulnar-M

L(ms) 3.1+0.4 3.0+0.4 0.355
Amp(mv) 13.2+2.8 13.1£3.2 0.815
CV(m/s) 55.4+4.2 55.745.6 0.808
F latency(ms) 30.2+3.7 30.0+3.7 0.721
Ulnar-S

L(ms) 2.440.4 2.340.3 0.579
Amp(mv) 17.3+8.6 18.3+8.8 0.542
CV(mls) 51.8+7.4 50.3+6.5 0.630
Tibial

L(ms) 4.4+0.9 4.9+0.5 0.386
Amp(mv) 14.0+6.2 12.9+6.5 0.174
CV(mls) 43.1+3.5 44.7+4.7 0.024
F latency(ms) 55.0+£8.3 52.7+6.4 0.024
Peroneal

L(ms) 4.1+0.9 3.9+0.6 0.051
Amp(mv) 6.7+2.8 7.0+£3.7 0.534
CV(mls) 43.2+4.7 45.0£3.4 0.017
Sural

L(ms) 3.0+0.6 2.7+0.5 0.015
Amp(mv) 10.9+4.5 14.0+£6.9 0.010
CV(mls) 47.9+5.8 47.5+7.3 0.891

NCS, nerve conduction study; L, latency; Amp, amplitude; CV, conduction velocity; *

Significant changes between Pre and Post values
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Data from the assessment of the functional capacity before and after the 9 month
intervention are presented in Table 4. Exercise training significantly increased the patient’s
functional capacity as it was measured via the 3 STS tests. Even though handgrip did not
improved statistically, the post values were improved by 5%. STS5, STS30 and STS60
improved by 27%, 39% and 51% respectively.

Table 4. Functional capacity data after 9 months of exercise training program

Pre Training Post Training P values*
Handgrip 27.347.3 28.7+6.0 0.394
STS5(sec) 13.6+5.6 9.9+3.5 0.011
STS30(rep) 10.1+3.1 14.0+£3.3 0.001
STS60(rep) 17.1+6.3 25.9+6.4 0.000

All data are mean = SD. An unpaired t-test was used to assess the differences between pre
and 9 months later of exercise program. STS, sit-to-stand, TUG; time up and go; FWT, fast

walking test. * Significant changes between Pre and Post values

Table 5. Changes in aspects related to fatigue profile before and after 9 months of

intradialytic exercise training

Pre Training Post Training P values*
FSS 3.6+1.3 3.4+1.4 0.543
(0.8-5.2 NV)
BFI 1.5£1.3 2.0+1.8 0.367
(0-2 NV)
MFI 48.1+11.2 41.0+18.4 0.081
(0-12 NV)
FIQ 15.144.8 8.0+6.0 0.001
(0-49 NV)
PAIN 0.1+0.6 0.1£0.5 0.332

(no clear cut off)
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Abbreviations: FSS, Fatigue Severity Scale; NV; normal values, BFI, Brief Fatigue Inventory;
MFI, Multi-Dimensional Fatigue Inventory; FIQ, Fiberomyalgia Impact Questionnaire, PAIN,
McGill Pain Questionnaire. Normal values for FSS (), BFI (), MFI (), FIQ().

At baseline, significant correlations were observed among nerve conduction parameters and fatigue
questionnaires. Fatigue Severity Scale (FSS) negatively correlated with CMAP Peroneal
Conduction Velocity (CV) (r=0.353; p< 0.048) while Brief Fatigue Inventory (BFI) positively with
the CMAP Tibial amplitude (r=0.409; p<0.023). Mutli-dimensional Fatigue Inventory (MFI)
negatively correlated with the Median CMAP F-latency (r=-0.519; p<0.006), Median SNAP
Latency (r=-0.366; p<0.046) and with CMAP peroneal Latency (r=-0.457; p< 0.012) and CMAP
Tibial F-latency (r=-0.380; p<0.042). Finally Fibromyalgia Impact Questionnaire (FIQ) was
negatively associated with SNAP Ulnar Latency (r=-0.379; p<0.038).

After the 9 month exercise training program, MFI positively correlated with Median CMAP
Conduction Velocity (CV) (r=0.380; p<0.042), SNAP Sural amplitude (r=0.565; p<0.002) and
negatively associated with SNAP Sural Latency (r=-0.508; p<0.007). FIQ was positively correlated
with Snap Sural Amplitude (r=0.549; p<0.004).

Significant correlations among nerve conduction parameters and functional capacity scores were
found. Handgrip correlated with median nerve compound muscle action potentials (CMAPS)
latency (r= 0.410; p < 0.027), ulnar CMAP latency (r=0.502; p < 0.008), F wave CMAP
latency(r=0.387; p < 0.038), and median SNAP amplitude (r=0.559; p < 0.003). STS30 and STS60
correlated positively with CMAP ulnar latency (r=0.397; p < 0.035), (r=0.412; p < 0.025)
respectively. Body composition indices (TBW and LTM) correlated with CMAP median amplitude
(r=0.443; p < 0.046), (r=0.485; p < 0.028) respectively.
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Table 6. Correlations between patients’ neurological assessment, functional ability tests and

body composition indices

Handgrip(NW)  STS30(rep) STS60(rep) TBW(L) LTM(kg)
Median-M
F latency(ms)  r=0.410(*)
p=0.027
Amp(mv) r=0.443(*) r=.485(*)
p=0.046 p=0.028
Median-S
Amp(mv) r=0.559(*)
p=0.003
Ulnar-M
L(ms) r=0.502(**) r=-0.397(*)  r=-0.412(*)
p=0.008 p=0.035 p=0.025
F latency(ms)  r=0.387(*)
p=0.038

Abbreviations: NCS, nerve conduction study; L, latency; Amp, amplitude; CV, conduction
velocity; STS, sit-to-stand; TBW, total body water; LTM, lean tissue mass

* Significant differences at P<0.05, ** Significant differences at P<0.01
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Discussion

The aim of the present study was to investigate the relationship between fatigue symptoms
and neural function in patients receiving HD therapy and whether a 9 month intradialytic
exercise training program could alter peripheral nerves’ motor and sensory neural functional
parameters. This is the first study to show that aerobic exercise training intervention during
HD could improve motor and sensory neural function in lower legs nerves and reduce

fatigue symptoms in HD patients with no evidence of peripheral neuropathy.

The nine month aerobic exercise intervention improved exercise capacity by 65% (Fig 1)
and functional capacity by an average of 40% in agreement with other exercise trials in HD
patients where improvement has been ranged between 25 - 145% [61, 146, 212, 261]. The
majority of the studies have shown that regular exercise training improves cardiovascular
endurance, muscle power and reduce muscle fatigability in CKD patients [262]. Indeed, in
our study, muscle fatigue was reduced compared to Pre training values however the
differences did not reach the statistical significant level (P=0.06). Pain levels as they
assessed by the Fiberomyalgia Impact Questionnaire was significantly improved after the 9
months training even though our patients did not report any significant pain symptoms. This
is in agreement with other studies showing the improvement in neural functionality could be

accompanied by improvements in pain levels [263].

Peripheral neuropathy is a very common condition in ESRD patients occurring in 60-80% of
these patients population [246]. In the current study, none of the examined patients showed
any electrophysiological signs or clinical characteristics of peripheral neuropathy probably
due to the inclusion criteria applied in the current study that even though did not exclude
patients with peripheral neuropathy, all patients had to be capable of participating in the
exercise training program and therefore the most capable were self-selected. All nerve
conduction studies (NCS) values from Median, Ulnar, Tibial, Peroneal and Sural nerves
were within normal aged-matched values. The nine months exercise training showed a
beneficial effect in 4 out of 7 peripheral nerves examined (Table 3). Most improved were the
lower limb nerves (Tibial, Peroneal and Sural) as it was expected since the aerobic exercise

training applied involved only leg (cycling) exercise. More specific, conduction velocity
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from Tibial and Peroneal nerves was improved by 3.7% and 4.2% respectively after the 9
month intervention implying that exercise can impose and effective stimuli to increase
velocity of action potential propagation in muscle fibers and therefore improved muscle
strength and less fatigability [255] something that has been shown in our study (Table 4, Fig
1). Slow conduction velocities often seen in many polyneuropathies and it has been
recognized as an early stage characteristic of uremia induced neural deficit with most of the
times accompanied by a large F-wave latency [246, 264]. In our study, Tibial F-wave
latency and Peroneal and Sural nerve distal latency (DL) were significantly improved after
the exercise training program by 4.2%, 4.9% and 10% respectively. Deterioration of neural
functionality including prolongation of F-wave latency and slowing of CV has been related
to axonal atrophy or breakdown [265], signs that could lead to severe clinical manifestations
such as muscle atrophy and weakness [266]. It seems that long term regular exercise training
could stop or even reverse these abnormalities. Indeed studies in healthy volunteers have
shown that exercise training can improve CV by 3.4% and 6.5% as a result of a concentric
or an eccentric isokinetic exercise training [255] while diabetic patients involved in regular
exercise training showed 9.4% higher values in Peroneal CV compared to sedentary
counterparts [256]. In another study, after a 4yrs follow up, the exercise diabetic patients
shown 4% improvements in CV and none incidence of developing motor neuropathy
compared to the diabetic control group where 17% of the patients had developed severe
motor neuropathy accompanied by 30% of sensory neuropathy [257]. Similar results have
been found in studies involved patients with peripheral neuropathies after even a short 10-
week supervised exercise training [263]. Until now only one study in HD patients has
examined the effect of exercise training in peroneal conduction velocity and distal latency
by showing 12.2% and 10.8% improvement respectively while exercise capacity was
improved by 29% [100]. In our study, all peripheral nerves have been examined from both
upper and lower body with predominant improvements in lower compared to upper limbs. In
addition, our findings showed that significant improvements due to exercise training
occurred in both sensory and motor nerves from both upper and lower body. This is not
unexpected since exercise training very often revitalizes other non-exercising parts of the

body including muscles and nerves [267, 268].
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Fatigue is one of the most prominent characteristics of the HD patients [12]. In our study, none of
the patients had characterized with severe fatigue and most of the scores were within accepted
values. The only fatigue questionnaire that showed changes after the 9 months training is the
Mutli-dimensional Fatigue Inventory which is one of the best tools for assessing general fatigue.
MFI pre training values were negatively correlated with both upper and lower body peripheral
nerves values as well as with both sensory and motor type of nerves. Post training, MFI positively
correlated with both sensory and motor neural activity while FIQ was positively correlated with
SNAP Sural Amplitude. Significant correlations were observed between neural function and
functional capacity after the 9 months training (Table 6). More specific handgrip was correlated
with both Median and Ulnar nerves while muscle endurance score (STS30, STS60) correlated
positively to Ulnar latency. Even though body composition indices (TBW and LTM) did not
change significantly after the 9 months training, the post training values correlated with CMAP
median amplitude values. This is in agreement with a current theory that hemodialysis fatigue
should be seen collectively as a “syndrome” and not in isolation as a sign or symptom induced by

another related to renal failure condition [12].

Conclusions

In conclusion the results of the current study demonstrate that exercise training induces
beneficial effects on both sensory and motor neural function improving conduction velocity
and F-wave latency. Improvements in neural activity are accompanied by changes in of
fatigue score and pain related aspects. The parallel improvement in motor nerve conduction
velocity and its correlations with functional tests supports the hypothesis that exercises

could be beneficial for preventing diseases-induced neuropathies in HD patients.
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Discussion

Fatigue is mental, physical and general. Mental fatigue is a psychobiological state caused
by prolonged and intensive cognitive activity and is expressed by the lack of concentration
and the inability of staying focused under certain conditions [269]. Physical (muscle)
fatigue on the other hand is accepted mainly as an inability to exert or sustain muscle force
or power output for a given task [270]. Likewise in chronic disease patients, it’s been
suggested that the symptoms of fatigue relate to two components: the mental that
encompasses emotional and cognitive qualities and the physical, encompassing sleepiness,
lack of energy and muscle weakness [217].

While hemodialysis per se is a lifesaving procedure, it can’t substitute for a healthy
kidney, it taxes the patient and HD related fatigue symptoms significantly affect patients’
quality and way of life as suggested by many [10, 14, 18, 202]. The prevalence of general
undefined fatigue in HD patients ranges from 30% to 80% depending on the assessment
tools and the dialysis modality [132]. The average score of fatigue in HD patients is the
worst of all chronic disease patients [271] including those with severe depression [206],
cancer patients undergoing chemotherapy [207] and lupus patients [208]. In addition, the
majority of HD patients complain of various “non-specific’ symptoms that are very often

considered by their health care providers as “irrelevant” to fatigue.

A cause of the observed minimal levels of physical activity is probably that the HD
procedure per se (e.g. duration of dialysis sessions [202] etc) contributes to fatigue. One
third of the patients report that they feel worse in the immediate hours after the dialysis
session while one out of four reports severe or very severe intensity of fatigue after
dialysis [10]. The severity of “Post-dialysis Fatigue” symptoms could range from mild to
severe and can last from a few hours after the dialysis procedure up to until the next day
[209] or for a ‘very long time’ (Gordon et al 2011). Thus many HD patients may spent a
large proportion of their time in a state of fatigue [10, 202], and since they perceive fatigue
(whether in dialysis or in non-dialysis days) as an important barrier [112], this adversely

affects their physical activity levels.

The primary aim of the current PhD research thesis was to investigate the factors involved
in the phenomenon called “Hemodialysis Fatigue”. The state of current knowledge

regarding the differences between generalized fatigue and HD treatment related fatigue is
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not well understood however many variables have been implicated in the severity and the
prevalence of the symptoms. The etiology of fatigue in HD patients is not a simple “one
stop” investigation. It involves many aspects of patients’ health as well as various social
and behavioral factors that depend on patients’ health characteristics and mental attitude
[18].

In the current PhD research Thesis we have found that the levels of emotional intelligent
are related to the levels of fatigue while patients with low levels of emotional intelligent
are more likely to be benefited by an exercise training program compared to medium and
high level counterparts. In addition, a single bout of intradialytic exercise did not affect
myocardial stunning often observed in hemodialysis patients. Our data support the notion
that aerobic exercise training during hemodialysis is a safe and a well tolerable non-
pharmacological approach and does not impose any harmful or adverse effect to patients’
health or to the hemodialysis therapy per se. This is very reassuring since many health care
providers are hesitating to promote exercise in HD patients feeling that will jeopardize
patients quality of dialysis and health. After the 9-month aerobic exercise training program
all aspects of exercise capacity were improved significantly affecting positively the levels
of depression and the cognitive function of the HD patients. One of the most important
findings of this thesis is that after the 9 month exercise intervention, the severity and the
duration of the Post-Dialysis fatigue symptoms were markedly reduced. It is evident now
that exercise training is a very safe and effective non pharmacological approach to
ameliorate fatigue symptoms in HD patients either during or after dialysis therapy.
Following the improvements in fatigue, a significant improvement in ejection fraction rate
by 21% was observed after the exercise training intervention. Intradialytic exercise
training can become a complementary tool for improving cardiac functionality and
reducing myocardial stunning induced by the hemodialysis therapy. Significant changes
were also observed in the nervous system after the 9 months of training. In study 5 we
demonstrated that exercise training induces beneficial effects on both sensory and motor
neural function improving conduction velocity and F-wave latency. Both indices are
considered very reliable in the diagnosis of neuropathies and therefore those findings are
of high importance. The improvements in neural activity are accompanied by changes in
fatigue score and pain related aspects helping patients to improve quality of life and regain

confidence. The parallel improvement in motor nerve conduction velocity and its
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correlations with functional tests supports the idea that exercises need to be part of current
therapy in every HD patients.

Conclusions

“Fatigue is the inability of sustaining an effort either mentally or physically or both while
signs and symptoms may be interconnected in a way not always clearly defined”. Fatigue
is multifactorial condition that affects many aspects of HD patients’ mental and physical
health. In the current thesis we have shown that fatigue affects and is affected by
emotional, cardiovascular and neurological factors that are not fully understood. It is clear
although that exercise training is a safe and low cost non-pharmacological approach that
could improve many factors that are involved in the development of “hemodialysis
fatigue”. Regular exercise training can reduce fatigue symptoms, revitalize cardiovascular

and nervous system and significantly improve HD patients’ quality of life.
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Email emkowoviag: gsakkas@med.uth.gr
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H Ecwotepikn Emtpon Agovroroyiog tov T.E.®.A A., Tlavemotmpiov @socaiiog PHETA TNV VL.

ApBu. 2-3/10-10-2012 cvvedpiaon tng eykpivel tn die&aywyn e TPOTEWVOUEVNG EPEVLVOG.

O Ipdedpog g Ecwtepikng Emtponig Acovtoroyioag — TEGAA

Tookavog ABavaciog

Avaminpotig Kabnyntrg
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Appendix 2: Consent Form
Yrev0vvn Afhoon Zoppetome

Tithog: H emidpaon g doxnong katd v didpkelo ¢ apokdbopong oty Komtmon kot moldmra (ong tov
0c0evVOVY LE XPOVIOL VEQPPIKT] OVETAPKELD.

A&roTipor Kopror ko Kvpieg,

To mavemomuo Oeccariog — TEDPAA & latpikny - oe ovvepyacio pe 1o Kévtpo ‘Epegvvag Teyvoroyiog kot
Avamtuéng Oeccariog — KETEA® mpayuatomowobv pio epevvntikny perétn. H pedkém avt o e€etdoet edv o
OLUVOLOCUOC TMV  VIOMOUWVEPYIKAOV WE TNV ACKNoN PEATIOGOLV TOXDTEPA TNV QULOIKN KATAGTOCT TOV
alpokadepduevov acbevav kot edv aut) 1 Oepameio pewdoel to eminedo Tov kapdtov. H ocvppetoyn cag oty
UEAETN €lval TPOAPETIKT KoL 1) 0V GO ApyNnon Yo GUUUETOYN dev Ba Tpomomomael v moldtnta TG Oepameiog
cag. ' mv ocvppetoyn coc oty pedét o eEetacbeite amd tov Bepdmovio Neppordyo mwov Oa dMceL TV TeMKN
éykpion.

pwtéxorio Merétng

Mo v pedémm avt) Ba wpaypoatomomBovv didpopes dokipaciec pe o mpokabopiopévn oepd. H dibpkela g
perétng etvan 9 unves. To mpdypappa doknong nepthappdvel cuveyopevn moonAdnon péypt ta 45 Aentd Kotd v
dlapkela TG opokabapong (Tpetg popéc v gfdopdoa).

Kopio and avtég Tic eEetdoetg dev Ba cag emPopHvel otkovopkd kot ovte Ba Pddel og kdmoto kivouvo v vyeiag.
AvaivTika:

Awoyio

Apéong petd v pedétn vmvov, o oag napovpe 25 ml aipa (repimov 2 KovTohég g covmag) Yo vo. eEetdoovue
T0 EMIMES O TOV OPLOVAV GOG GTO At AL KOt VO EKTIUGOVLE TNV YEVIKT GOg VYEiaL.

Epotpoatoréya

Mo ™mv ohokApwon g perétng autig Bo TPEMEL VO CUUTANPMOGCETE KAl L0 GEPA EPOTNUATOAOYI®V Tov o poig
BonBrcovv va exktufoovpe TNV TodtnTa {ONg Kol TOL VTVOL GG AAAG KOL TNV YEVIKN VYEID GOG OTNV apyn Kol LETA
a6 9 unves (e ™ ANEN ToL TPOYPAUUATOS ACKNONG).

Aoxipacio Pookig ApacTnproTnTaS

2y e€étaon avtn Bo eKTiUGOoLUE TNV HVIKT COG AVTOYN Kot SV VAN O Hd GEPA amd dOoKILAcies mov Adfovv
YOpa pHéca oty povada. Avtéc ot dokiacieg meplhappavouv:

Aoxpacio poikng dvvoung (6mov {nteiton amd ta dropa vo oeifovv 660 mo dvvaTd UToPOLV Yo TOLAGYLIOTO 2 SEC
™ AP Tov ¥EPOSLVOUOUETPOL KPUTOVTOG HOKPLE TO Koppi Toug / mOceg Popég pmopeite vo onkmbeite and pia
kapékha péca oe éva Aento. Emiong Ba a&loloynoovue péom dokyaciog Padicpatog - 0G0 ypiRyopa UTOpEite va
MEPTOTNOETE Ul amootaon 9 pétpov ko péow piog dokipaciog Podicpatog mOco ypnyopo upmopeite va
TEPTATIGETE 10 ATOGTACT) 3 HETPWV.

Métpnon Zopotikig Xvotaong
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H e&étaon pag divel mAnpoeopieg yio TV GOUOTIKH 60¢ 6VGTOOT dNANOT TOGO OO TO GLVOAKO GMUATIKO GOG
Bapog sivar okehetucol pug Kot woco gival Aimog. H pétpnon avt dwopket mepimov 10 Aemtd kot givar avddvuvn kot
avoipoken.

Kotd v duipkela g pétpnong avtmg Oa Ppiokecte Eamhopévn / og avdckeAa kot akivntn / o¢ yw mepimov 10
AemTd o€ éva avamanTikd KpePdtt kodlvppévor pe éva cevtovi. [ldve amd to kpePdrtt Oa Ppiokete pio Guokev OV
MOWACEL Pe KIVILOTOYPUQIKT Kapepa, 1 omoio Oo Taipvel pOTOYpapies TO0 cOua cog omd diapopec yoviec. Katd v
dupketa g pétpnong Ba mpémel va peivete axivnrol H e&étaon avtn o mpayuatorombei 2 eopéc otnv apyn Kot
0T0 TEAOC TOL JUNVOL TPOYPALLUATOC.

Nevpo@uo1oroykog EAEY)0G

H e&étaon meplapfavel pedétn me ay@yyoTtnTo.g ToV KIVNTIKOD Kot alsOnTikod KAAdov Tmv vedpmv ota dve dxpa
KOl TOV VEVP®V GTO, KATW GKPOL.

Hyoxapowypagia

H e&étaon meprhappdver vaépnyovg kopdidg mpokeévov vo agloloynbovv mapdpetpol mov oyetilovior pe v
KapOlOKN AELTOVPYlOl KOL TN GLOTOATIKOTNTO ( TAYOS TOWYDOUOTOS, OpéTpog, KAAopa eEdBnong, ypovog
emPpadovong kth). . H e&€taon avty Bo mpaypatomomBel 2 @opég oty opyf] Kot 610 TEA0G ToL 9unvov
TPOYPALLLOTOG,

Kivouvvol amé v perétn

H ovppetoyn cog otnv peAétn autr| dgv cuvioTd KavEva, KivOouvo yia Ty vyeia cog.

ITAinpogopieg
INo meprocdtepeg mAnpopopicg amevbuvbeite otov Ap. Zaxkd cto 2431-500-911 1 610 6978509102, Ko otV Ka.
I'pnyopiov Xtepavia oto 69450-44-917.

Me extipnon
Ap. Zaxkdg I'emdpylog

H ocvoppetoyn oag oty perétn givan e0ghovrikn.
"Exete to dwcaiopa va apvnbeite tnv COUUETOYXN TNV UEAET QLTI 1 VO ATOY®PNOETE OVEL TAGO MPA XWOPIg ALTO Vol

oAAGEeL TV oot Ta Bepameio Gog otV Lovada.

Edv emBvueite vo GUUUETACYETE TNV UEAETT), TOPUKUAD VITOYPOWTE TOPOKATO:

Ovopoter®vopo Hpepopnvia Ynoypaoi)
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Maptopag Zvppetoyig
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Appendix 3: General Health Questionnaire

®viro ao0cvovg (checklist)

ID: Patients Name: Date:

Bépog

Yyog

[eprpépeto péong mvélov
ABI

latpikd 1oT0p1KO

Yroryeio apokdbopong

Agiktng Opéyng

Ayotoroyikd ototyeio

Pills perday

Neurological Examination

Cardiological Examination

pw v apokadapon

Handgrip
sit to stand (5-30-60)

time up & go (3m)

fast walking test (6m)

Bioimpedance

Ayoinyia

Epwtioeic oleiog komwons
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[ToGo evépyelo Vi BELS OTL £7£15 TOPOL

mHWH“IIII I
1 4 5 6 7T 8 9 10

Fa 3

KeiBo hou Mo A MéTpa ApreTd Méiper moAo
Atyo

Epowtiocic «I'evikng Komwoncy

AwcBdvesar évtovn COUATIKY] KOOUPAOT TOV TEPIGGOTEPO NAI OXI

Kopd?

AwcBdavesar 6t 1 Lon| cov etvar doewa? NAI OXI

"Exeic éMdenym cvykévipoong — gicat Guyva agnpnuévos? NAI OXI

Efyec dvokolia va kowunOeig tov tehevtaio pva; NAI OXI
AcBavOnkec kdmow copotikn oadvvapio tov teAevtaio NAI OXI
uiva?

AwcBdveoot yepdrog evepyela? NAI OXI

[Ioon @pa ocov maipver va ovvélBelg petd v

apokabapon;

Kota v aypoxadapon

0-60 Aemtd: [N'evikd epmTUOTOAdYLIQ
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Mini Mental MMSE
Fatigue Severity Scale (FSS)

Fibromyalgia Impact Questionnaire (FIQ)
SF-36

Zung Depression Scale

Wong Law Emotional Intelligence Scale (WLEIS)

Schutte Self report Emotional Intelligence Scale (SSEIT)
BDI
Missoula Vita Quality of Life

. Charlson Comorbidity Index (CCI)

© ®| N o g &~ W e

[EY
o

(BN
=

. Epomuatordyro Huepnolag Yavniiag Epworth

[EY
N

. [Towémra vvov (PSQI) Pittsburgh Sleep Quality Index

[EY
w

. Zovdpopo Aviovywv Iloduwv RLS

'—\
o

. Malnutrition Inflammation Scale

=
ol

. Epompatoroyo I1évov

=
»

. Multidimensional Fatigue Inventory (MFI)

=
~

. Brief fatigue Inventory (BFI)

1" dpo cupokdBapong

handgrip

Apmpiloxn mieon

KOpOLKN GUYVOTI T

KOpeEGUOG aipaTog

[T6c0 Kovpacpévog acBavesar TQPA;

[T6c0 evépyela vimbeig ot Exeig TQPA;

2" dpa arpoxddopong

handgrip

Aptprokn mieon

KOPOLOKN GUYVOTI T

KOPECUOG QpLOTOG

[T6c0 Kovpacpévog acBavesar TQPA;
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[Toc0 evépyeia vimbelg ot Exeig TQPA;

3"@pa apoxdbopong

handgrip

Apmploxn mieon

KOPOLOKT GLYVOTITA

KOpEGLOG OpLOTOG

[T6c0 kovpacuévog acBavesar TQPA;

[To6c0 evépyeia vimbelg ot éxeig TQPA;

4" dpa apokadapong

handgrip

Apmpiloxn mieon

Kapdlokn cvuyvoTnTe

KopeGLOG OpLOTOC

[T6c0 xovpacuévog atcBavesar TQPA;

[T6c0 evépyeta vidbeig 6Tt £xeig TOPA;

Ao yio petd arpokabdpoemg

Apéomg petd v opoxkadapon

Epwtiocic kopdrov pete. v ayporkabopon

[og aebavecar META v aipokdaBapon?

KoAvtepa T0

YEPOTEPUL

010

[16c0 cuyva Pudvelg Evtovn coUATIKN KoOpaon

META v owokdBapon?

0 woté

1 ohb omdvio
2 omovio

3 meploTOCIOKA
4 cuyva

5 oAb cuyvd

[16c0 cofapn eivar vt 1 KOVPOGT TOL VIDDELG

LeTd v opokaBapon?

0 kaBdrov
1 ol Nma
2 N

3 uétpla
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4 coPapn
5 moAD cofapn

[1660 dpkel avT 1 KOVPOUGT TOV GE TLAVEL 0 xaBoAov
UEeTa TV opokadapon? 1 oAV Atyo
2 Alyo

3 uétpla

4 apretd

5 mhpo TOAD

Ag1TovpyIKd TE6T

Handgrip

sit to stand (5-30-60)

time up & go (3m)

fast walking test (6m)

Bioimpedance
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Appendix 4: Questionnaires

Mini Mental State Exam (MMSE)

1. IIpocavatoiiopodg

Ba oG KAV LEPIKEG EPOTNOELS Y10, VO OOVLLE TOG EIval 1) LV OO,

T étog éyovpe;

ITowa emoyn;

T unqva;

[Téc0 tov pnva €yove;

Moo pépa g efdopadoc;

Y& ol ympa. fPIoKOUOCTE;

e mowa TOAN;

e mowa weptoyn M dtevbuvon;

e mo PéEPoc Ppiokeote AT TN OTLYUN;

€ mo1o 6pOPo;

2. Kataypoaon

Ba cog o 3 AéEeic mov BEA® va emavaAdPete petd amd péva Kot va Tig Bopdote dtav Tig

EovopOTNo®

Agpovi
Khewi
MovBt

3. Zvykévrpmon / Avvatétnte apldunTik@v apaiewmv

Aopapéote amod to 100 dadoykd 7 povadeg kabe popd / Evarlaxtucd: I'poyte T AéEn

«OPTOY OVATOd 0L

93 -a-
86 -1-
79 -p-
72 -o-
65 -m-

4. Avaxinon

EravoidaPete mapaxaid Tig 3 AéEeig mov cag iy {ntnoel Tponyoupévme

Agpovt
Khewi
MoAvB

5. Katovopaoia

Asgtyvoupe otov acBevn 2 avtikeipeva kot {NTovUE Vo T0 KOTOVOUAGEL — TL €ival avTo;
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e PoAdL
e Molvpt
6. Eravainyn
Znmote and Tov acbevn va erovaldfel petd and cag:
o Oyt av kot oAAG»
7. Extéleon evtoh|g 3 otadimv
Amote 6tov achevn éva Aevkd UALO YOPTI KoL TELTE TOL:
o [ldapte 10 Yopti 070 €& GO YEPL
e AuwmldoTte 10 6N Héom
e AQNOTE TO GTO TATMLLOL
8. Avtidpaon
Acgi&te otov aofevn éva yopti mov va ypaget: «Kiegiote ta patio 6og»
o [lapokod®d kavte OTL YPAPEL GTO YOPTL TOV GOG OELYV®
9. Avtépatn I'poon
Amote otov acbev YapTi Kot oAt ko TelTe:
o TlapakoaAd ypawyete o, OAOKANPOUEVT (TPETEL VO, TEPLEYEL VTTOKEILEVO — PTLLAL)
10. Avtiypoi)
e Zmmote amd Tov asfevi va avypdyet £va oo SVO TEUVOLEVOV TEVTOYDV®OV

Yuvorko G0powopa MMSE:

179

Institutional Repository - Library & Information Centre - University of Thessaly
02/05/2024 20:22:24 EEST - 18.222.119.227



BRIEF FATIGUE INVENTORY
Kotd ™ ddpketa g (oMg pHog ot meptocdTepol amd eRAg £xovpe oTiyuég émov vimbovue wold

eCavtinpuévol 1 kovpoaouévol. ‘Exete aicBavBel acvvnibiota kovpaouévol katd v Ttelevtaia

efdouada;
Nt O
[ 1 [ 1
1. MopoakaAid Pabpoloynote v  kovpoon oag (koémwomn, eEAvTAnon)

KuKA@VoVTag évo puovo aplfud o omoiog meplypdpel TNV_Kovpaocn oo okpifag
TQOPA.

0 1 2 3 4 5 6 7 8 9 10

Kaborov H yepotepn mov
KOVPOGN £xe1g povTaoTel
2. IMoapaxord Pabuoroynote v  kobpacn ococ (kOmwon, eEavtAnom)

KukAOVovTag va povo aptpd o omoiog meptypdeel Katd to chvnbeg To emimedo TG

KOVPOGS 60C KOTA T1) OLIPKELD TOV TEAEVTAIOD 24MPoV.

0 1 2 3 4 5 6 7 8 9 10
KaBdrov H yepdtepn mov
KovpaoN £YE15 POVTaOTEL
3. [Hopakaid Pabuoroynote v kovpoon ooag (kOmwomn, eEAVIANGN)

KuKAOVOVTAG éva poOvo aplBpud o omolog meptypdpel TO YEWPOTEPO EMimEdO TG

KOVPaG1C (TOV £YETE VIMGEL) KOTA T1) OLIPKELD TOV TEAELTAIOV 24MPOV.

0 1 2 3 4 5 6 7 8 9 10
Kaboriov H yepdtepn mov
KOVPOOT €Xe1S PavTOoTEL
4. Kvurkhdote éva povo apbud o omoiog meptypapetl mme, KOTA Tr OLEPKELL TOV

1€AEVTOI0V 24®POV, 1 KOLPAOT GaG TopepPaivel otn:

A. Teviki] dpactnproTnTo

0 1 2 3 4 5 6 7 8 9 10
Agv [MopepPaiver
mapepPaivet EVTEADG
B. AvaOgon
0 1 2 3 4 5 6 7 8 9 10
Agv HopepPaiver
napepPaivet EVTEADG

I'. Ixavotnto Padiong
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0 1 2 3 4 5 6 7 8 9 10
Agv MopepPaiver

napepPaivet EVTEADG

A. Kavovikn gpyacia (meprhoppaver 1660 v epyocio ££® amw6 10 omitt 0ALL KL

TG KaONuepvéig epyacieg)

0 1 2 3 4 5 6 7 8 9 10
Agv [MopepPaiver

napepPaivet EVTEADG

E. Zyfogig pe drhovg avOp®dmTovg

0 1 2 3 4 5 6 7 8 9 10

Aev Hopeppaiver
napepPaivet EVTEADG
Z. Anoraven g Long
o1 =2 3 4 5 6 7 8 9 10
Aev [opepPaiver
napepPaivet EVTEMDG
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Morvowastatn Khipoke Kénwong
MULTIDIMENSIONAL FATGIUE INVENTORY (MFI)
Odnyiec: Me t Pondela tov akdrovbwov dnidcewy, Oa B aue va Exovpe o 10€a Yo TO
g £xete aicaviel Tov TeElevTaio Kopo. YTAPYEL, Yo Topaderyua, 1 ONA®ON
“AIZ®ANOMAI XAAAPOYX”
Edv vopiCeig 611 avt) 1 dnAmon givar evieddc oAn0eia, 0Tl €00 £XEIC VIMGEL YoAaPOS

tedevtaio mapoakad® Poie €va X 6To akpaio aplotepd KOLTI, OTMG TO TAPAOELY AL

Not avto gival aindeio

1. AwcBdvopon og
Popua

2. ZOpoTIKG
alc0dvopan kavog va, Kivo
AMya wpdrypoto

3. AtcBdvopon oA
EVEPYNTIKOG

4, Ae0davopor ot
UTOP® VO, KAVE® TO, TAVTOL

5. Ato0dvopon
KOVPUGLEVOG
6. Nopilw 611 Kiveo

TOAAG Léca GE P Pépal

7. Ortoav xavo kartt,
Umop®d va gipon
GLYKEVTPOUEVOS KO
0POCLOUEVOS GTIV £PYOGT0L
pov

8. ZOUATIKA, AVTEXD
TOAD/TOAAG

9. Awotalm va Koveo
TPAYLLOTOL

10. Nopilo kdvo Alya
TPAyLOaTO LEGO GTIV TLLEPO

11. Mmnopw va
oLYKEVTP®OD
Apxetd
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A

Not avtd givon
oAnfela
Not avtd sivon

oandeia

Not avtd eivon
aindea
Not avtd eivon

aindeia

Not avtd givon
andeio
Not avtd givon

aAnfela

Not avtd givon

aAnfela

Not owtd givar
aAnfewa
Not owtd givat
aAnfewa
Not avtd givon

ainfew

Noat avtd eivat

aAnfeln
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Oyt a6 dev givor aandeta

Oyt owtd dev

givar oAnBeia

Oyt owtd dev

glval aAnBeia

Oy avtd dev

glval aAnBeia

Oy avtd dev

glval aAnBeio

Oyt avtd dev

glval aAnBela

Oyt avtd dev

glvor aAnBela

Oyt awtd dev

elvor aAnBela

Oyt avtd dev

elvar aAnBela

Oyt avtd dev

elvar aAnBela

Oyt av16 dev

glvar oAnBela

Oyt avt6 dev

glvar aAnBelan
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12. Eipon EgkodpaoTog

13. Xperaletot ToAAN
npoomdde Yo va
oLYKeEVTPOO®D o€ TpaypHoTo

14. ootk
alc0dvopon

Ot gl og pa
doynun Kotdotaon

15. "Exo moAld oxédua

16. Kovpaloupai gvkora

17. Kavo Atya

18. AwcOdvopon 61t
ogv 0éAm va
KGQve Timoto

19. Apoipovpat dKolao

20. SOUaTIKA
ooBdvoplan

OTL glplal o€ ApLoT
KOTAGTOON
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Not avtd givon
oAnfel
Not avtd givon

oAnfeln

Not avtd sivon

oAnfel

Noait avto sivon
oAnfela
Noat avto sivon
oAnfela
Noait avto givon
aindea
Noait avto sivon

aindea

Not avtd givon
aindeio
Not avtd givon

oaindeia
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Oyt oo dev
glvar aAnBela
Oyt awtd dev

givar aAn0eia

Oyt oo dev

givar oAn0eia

Oyt owtd dev
givar oAnBeia
Oyt owtd dev
givar oAnBeia
Oyt avtd dev
glval aAnBeia
Oy avtd dev

glval aAnBeio

Oyt avtd dev
glval aAnOela
Oyt avtd dev

glval aAnOeia
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Epompatoroyro Emrtdccwv Ivopvaiyiog

Oodnyiec: INa t1¢ epotoelg 1 émg 11 mapakaid KOKADGTE TOV apliud TOL TEPLYPAPEL KOAVTEPO, TMS
noactav TV mponyoduevn efdoudda. Edv eceig dev kavete kdmota evépyeta amod Tig KOT®mOL TNV o yoduevn

gfOopada, dLoypayTe TNV EPAOTNOT LUE LU0 YPOUUT.

[Mavto  Xyeddv mavta Soyva [oté

'Hoovv o€ 0éom vo:

KAvelg yovia? ..o.oevveviiiiiiiiiiieans 0 1 2 3
Baeic movinplo povywmv Kot vo T GTEYVAOCEIC? ........ 0 1 2 3
Etowdoseig ta yedpatd cov ? ........... 0 1 2 3
[MWvelg mida/payepikd oked e 0, XEPL?..... 0 1 2 3
XPNOYOTOMGELS NAEKTPIKT GKOVTIA ... 0 1 2 3
Y1pmoelg to kpePdtt cov? 0 1 2 3
[epnatoelg puepika tetpdywmva? 0 1 2 3
Emokeoteic gilovg 1} ovyyeveic? ............ 0 1 2 3
Kdéveig dovietég omnv avin?............ 0 1 2 3
OMYNGELG ABAEL? ..o 0 1 2 3
AVEPEIG OKOALEG? v 0 1 2 3

12. And 115 7 nuépeg g mponyoduevng fOondadas, TOoeg LEPES VIMGUTE KOAL;
0 1 2 3 4 5 6 7

13. T16oeg uépes g mponyodpevng efoopddag Ydoate T OOVAELL GOC, CLUTEPIAAUPOVOUEVEOV KOl TV

OIKIOKMV EpYOoIV e&artiog g wopvadyiog (€vTovou puikod TOVou Kot KAPATov);
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14. Orav goeig epyacmkate, 1060 0 TOVOC 1 GALO CUUTTOUOTO VOULOAYIOG ETNPEAGAY TV IKOVOTNTO GOG Yo
gpyacia, CUUTEPIAAUPUVOUEVAOVY KOl TOV OIKIOKDY EPYACLDV;
Kovéva npopinua pe mv Meydin dvckorio pe
gpyocio mv gpyacio

15. T16c0o doynpog tav o Tdvog Gov;

KaBdrov movog [ToAd coPapodg Toévog

16. I[1660 KOLPAGUEVOS HGOVV;

KaBdorov kovpaon [ToAV kovpacuévoc

17. Ilog aicBavocovv 4oV oNK@VOGOLY TO TPM®I;

Evmvnoo ToAl
Eumvnoa EeKo0pacTog KOVPUGLLEVOG

18. T16c0o doynun frav N axopyio / duokapyio cov;

KoaBoiov axapyia [ToAb dvokapmtog

19. I1660 veupikdc N ayxOUEVOS EVIMGEG;

KoaBoiov ayympévog [ToAb ayympévog
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20. [1660 OAypéEVOG 1 AKEPOG EXELG VIDOEL,

Kaforov Ohppévog [ToAd OApupévog
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FATIGUE SEVERITY SCALE
[FSS]

Mufdote ng rapaxdatn dnaunons xpocexnind Mroped va copgaveite ) va
Srapeaveite Ao 1) Roko pe wide pia and aorés,
Enpadiyte oty wdbe 5fimon tave oy KA ek aZloA67mon. o onpsio zov
avpaveite 1) Slagoveite,
Ao enueto 1.dray dey ovupansite Kaloiov ue my djdmon.
B)Zro anueio 2 1 3, ay Sragosveite kaaor, adia dpr piGin
NZto anurio 4, av dev uropeite 0E VA GURPOVHEETE COTE V& SiapaIVoETs.
N Zt0 anpsio 5 1 6 ,ay avupaneite Naxosg pe ) dimar,
Elotn onusto 7,y ovpeanveits giipag pe ) SijAmon

AHAQEH KAIMAKA ASIOAOTHEHE
LH svepymardmyia pov padveim dtav
Ll KODPUAGREVOS/T) | 1 1 | = | L
1 2 3 4 5 6 7
drapand otrs TUVRPAIND
TANpOXS GUUPCIVE andivra
oiits Siapoive)
2.H cmpanni aoxnon pov gépve
KODPUGT) Y Y S [ N —
1 2 3 4 5 6 7
drapova) olte OUVRPEND
AN GUUPOIVE) AXGATR
oty Siaporves
3 Kovpalopm sonorn

| | | | — L]
1 2 3 4 5 6 7

drapavd) obre aUEPOING
TApax; VPOV axoMTa
oite Siapove
4.H wotpacn mupspnodile ng
Spacpromic poo L 1 L 1 1 1 ]
1 2 3 4 5 6 7
diapand) oite TP
Ao, CUUPIVE) anoiura
obTE Staparves
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5. H xovpaom poo apovassi

ouyvi apofiapara L 1 1 1 1 L J
1 2 3 4 5 6 7

Steuporvds onre ORGP

whajpors augpaIvd) arorvTa

oite draporvds
6.H xobpaon dev pow exiTpénm Aapa-

TETAUEVT) GOOPETING OpacTMoTTa | 1 | | | 1 J
1 2 3 Rl 5 6 7
Draupvdy ot CURPDING
TARpexg TVUPOIVE) arorvra
ol Swupane)

7.H wovpaon pe cpmodiler va oxtericm
oprapiva KefRKovTa pow ¥ va pépn on | d i — L L J
TEPAS PEPIRES DROYPEMDGELS POV

1 2 3 4 5 6 7
Staup sy obre GULRGPING
mnpor; TULUPEINGD axoivTa
obre Staponv

8.H xodpaon sivan bva and ta tpia

mo cofapda pov GupTThH T | | | I | | J
1 2 3 4 5 6 7
Stapeves obre CURPOING)
TAnper AUUPEIVE agdiura

oire Siapovd
9.H xovpacy) mapopsodiin m Sovisia pov,
TV OIKOYEVEIGRT 1) TV xotvenvikn pov Zom | ] | 1 | | J
1 2 3 4 5 6 7
Slauporvas alre GURPOING)
TARporg TULPEIVE) azcivra
obrs Staparvd)

ONOMA i Gsvivsrseoniverssaspisorsadsetosss HAIKIA.......... HMEP:

BAOMOAOUTA: oo i

FSS © . Hpooappoyq wat atdBpan ora Falngvika:
Z.Karoapos X MrooraveConoidov xar oov., Eyxipaio; 2007:44:150-157,
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SF-36 EPEYNA YT'EIAX

OAHT'IEZ: To epomuatoroylo avtd (Ntd Tig dikéC oag amoOyelg yio ™V vyeia cag. Ot
TANPOPOopieg cag Oa pag Pondncovv vo e€akpifdcovue ndg aicbdveste oamd mALLPAG
vyeiog Kot 160 KaAG Umopeite Va aoy0Andeite pe Tig cuvndicpéveg SpacTNPLOTNTEG GOG.
ATOVINGTE OTIC EPOTNOELS, POOUOAOYDOVTAG KAOE amdvTnon e TOV TpOT0 TOV GOg
delyvovpe. Av

deV elote amdlvta BEPatog/PéPain yio TNV amdVING GOG, TOPAKAAOVUE VO SDGETE TNV

amdvinon mov Vouilete 6t tapralel KaAdTepO 6TV TEPIMTOOTN COC.

1. Tevikd, Ba Aéyate O6TL 1M vyela Gog

givat:(Baite évav kbOx\0)

EEOUPETUCN evvieiieeie ettt ettt ettt e ee e eas e 1
TIOAD IOAT] cevieeeieieeie et ettt sere et eer et e b e eeseeenae s 2
KO ettt st 3
IMETPULL .eeievie ettt ettt ee e e sbe e sba e esbeesrbe e nnee s 4
KOUKT) vttt ettt ettt et ve et seae e e saaeenes 5

2. Zg olOyKkplon pe €Va xpovo mpv, mds Bo aE0A0y0VcaTE TV LYElR GOG TOPO;

(BaAte £vav KOKAO)

[ToAD kaAOTepN TOPO o' GTL EVA YPOVO TPV ... 1

Kénmg kaddtepn todpa an' 4Tt EVa ¥pOVO TPV ................... 2
[epimov 1 1100 OTWOG EVA YPOVO TPLV .. 3
Kénmg xeipdtepn todpa am' 0Tt £Va gpOVO TPV .....ceneeee. 4
TToAD yepoTepn Tpa o' OTL EVAL YPOVO TPV ... 5
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3. Ot TopaxdTe® TPOTAGES TEPLEYOLV OPACTNPLOTNTEG TOV TOHAVAS Vo KAVETE KOTO TN
dudpketo piag cvvnoiopévne nuépac. H topvh katdotaon g vyeiog cog, cag meptopilel o€ avtég
TG Opaompotteg; Eav vat, moco;

(xukhmote EVav aplfuod oe kibe celpd)

APAXTHPIOTHTEX (Nat, pe Nat, pe Oy, dev pe
meplopilel meplopilel Atyo [meplopiler Kaboiov
[ToA0

0. X€& KOVPUOTIKEG OpOCTNPLOTNTEG, OTMG TO 1 2 3

Tp£E0, TO GNKOUL  POPLDV AVIIKEUEVOV, 1|
GULLETOYN € SLVOUIKO OTTOP

B. Ze pérprog éviaong dpactnpotreg, ommgn |1 2 3
petaxivnon evog tpamellov, To STPAOEO LG
MAEKTPIKNG GKOVTAG, 0 mEPimatoc otV e€oyn N
otav mailete pakéTeg otV Tapoia

y. Otav oNKAOVETE 1 LETOPEPETE YOV, ad TV |1 2 3
oyopd.
0. Otav avePaivete puepikég okiieg 1 2 3
e. Otav avePaivere pio okdAo 1 2 3
0T. 2T0 AVYIGLLO TOV COUATOS, 6TO YOVATIoHOL i |1 2 3
GTO CKOYLO

O10v TEPTOTATE TEPITOV EVAL YIMOUETPO 1 2 3
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M. Ortav mepnatdrte pepikéc ekatovtadeg pétpa |1 2 3
0. Ortav mepratdte mepimov ekatd Pétpa 1 2 3
L. Otav KAVETE UmTAVI0 1 OTAV VTOVEGTE 1 2 3

4.T¢ tehevtaiec 4 efo0Onadec, cog TAPOLGIACTNKOV - €ite 0TI SOVAEIG GOG €ite 6€ KATOL GAAN
ovvnoicpévn kabnuepvi Gog dpacTnNPOTNTE - KO amd  To, TopuKAT TpoPfAnuata, e€attiog

™G KATAOTOOTG TG COUATIKNG c0g vyeiag; (kKukhmote Evav apBuod o kabe celpd)

NAI |OXI
o. Meidoate o xpdvo mov cuvimg E0deveTe TN SOVAELN 1] G€ GAAEG 1 2
OPaCTNPIOTNTES
B. EmuteAécate Arydtepa and doo Ba OEhate 1 2
y. Ilepropicate Ta €10M TG OOVAEEG 1) TO €101 ALV SPACTNPLOTHTOV GOG 1 2
0. AVGKOAELTNKOTE VO EKTEAECETE T1 OOVLAELN 1) GALEC OPAGTNPIOTNTES GOG 1 2
(Yo Topadetypo, Katafaiote peyaldtepn tpoondoeia)

5. Tig tehevtaieg 4 efdoudodeg, cog mapovcldoTnKaY - €ite 6T 00VAEWD oag gite Gg KATOWL
GAAN ocvvnoiopévn Kabnuepvr SpacTnploTTa - KMo Omd T TaPAKAT® TPOPAuata e&ottiog
0m0l0VONTOTE GLVAIGHNUATIKOD TPOPANLOTOG (L., EMEWT| Vidoate pelayyOAia 1 dyy0s);

(xuKA®oTeE €Vav aplBuod os kdbe oelpd)

NAI  [OXI
o.Meiwboate to ypdvo mov cuviBwg Eodevete 6T dOVAEL N o€ AAAES 1 2
OpaoTNPLOTNTES
B.Emutedéoate Mydtepa omd 6ca Oa Oérate 1 2
v.Kdévate tn dovield cag 1 kot GAleg OpaoTnNPLOTNTEG AyOTEPO TPOSEKTIKA o' 0Tt |1 2
cuvn0wg
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6. Tic televtaieg 4 efOOUAdEG, o8 TO0 Pabud exnpéace 1 KUTAGTOOT TG COUATIKNG GOG VYELOG
N KGO, cLVGONUATIKAE TPOPAA LT TIG GLVNOIGUEVES KOWWOVIKEG GG dPUGTNPLOTNTES [IE TNV

O1KOYEVEL, TOVG PIAOVG, TOVG YEITOVEG 6ag M e GALeG KOW@VIKEG Ouddec; (BaAte EVav KOKAO)

KAOOAOU .o e 1
Y g o 1 {0 AU UT USRS 2
IMETPLOL oottt 3
F N 03 o TR 4
TIAPO TEOAD vttt ettt et eraeebeeeve e ereeeseenne s e s 5

7. T1600 copotikd TOVO Vidcote TIC tehevtaicg 4 efoouadec;

(BéAte £vav KOKAO)

KOBOAOU .ottt ettt e e e s e 1
(0 T ¥ 11T ISP 2
THITIO o et 3
IMETPLO .o 4
EVTOVO ..o 5
TIOAD EVTOVO ..ottt e e 6

8. Tig televtaiec 4 efOOAdES, TOGO emnpéace 0 TOVOG T cvvnoicuévn epyacia cag (TG0 TV
epyoocio €0 amd TO omitt 600 KAl PLEGH GE AVTO);

(BéAte £vav KOKAO)

KOOOAOU .ottt e 1
ATYO e 2
IMEETPLOL ettt ettt ettt st ea e e e eb et e e e 3
APKETOL ceeeiiiie ettt ettt sttt s 4
TIAPO TTOAD ..ttt ettt et cveeaaeeesraeen s S

9. Ot mopokdT® EpOTACELS AVOQEPOVIOL 0T0 TAOG ocHavVOcHoTE KOl O0TO TAOG MTAV YEVIKG M
dubeon| oog Tig teAevtaies 4 efoouddes. o kabe epdnom, mapokaieiote Vo dmoeTe ekeivn Vv
amavtnon mov mAncuilel meplocotep0 o O,Tt awcBavOnkate.  Tig televtaieg 4 fdouddeg,

Yo TOGO YPOVIKO SAGTNUA - (KVKADGTE VoL apldpd oe KEOE celpd)
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>uveywe [To peyo- Pnuav-  Mepwég Mikpd  [KaBoiov
AOTEPO TIKO (POPEC o1
oot OLIoTNU O GO
0. Awcbavocaocte 1 2 3 4 5 6
yeudtoc/yepdt (oviavia,
B. Eiyate mohd exvevpiouo; 1 2 3 4 5 6
v. AwcOovoocacte 1660 TOAD 1 2 3 4 5 6
MEGUEVOG/TEGUEVT] YUYOAOYIKA,
7OV TimOTE 0V UTOPOVGE VoL GOG
QTIOEEL TO KEOL:
0. Atebavocaote npepio Kot 1 2 3 4 5 6
yoAnvn;
€. Eiyote moAM 1 2 3 4 5 6
evepyNTIKOTN T,
01. AtoBavocoote omedmicio kot (1 2 3 4 5 6
ueAayyOAMaL;
(. Awbavocaote e€aviinon; |1 2 3 4 5 6
M. Hooote svtuyiopuévog/ 1 2 3 4 5 6
EVTLYICUEVN;
0. AwoBovocacte KoLpaoT; 1 2 3 4 5 6
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10. Tic tedevtaieg 4 BOOUASES, VIO TOGO YPOVIKO SIUCTNUN ERXNPENCAY TIC KOWOVIKEG GOG
dpacTnPOTTES (1., EMOKEYELS G PIAOVG, GLYYEVEIC, KAT.) 1 KATAGTAGN TNG COUOTIKNAG GOg VYIS 1)
KGOl cuVonsOnpotikd TpoPApaTa,

(BéAte £vav KOKAO)

TOVEYMG +vveenreerereennneenteeneeesseesseessseesseans sssressssessssesssesssseesnens 1
TO UEYUADTEPO OUAGTINILOL c.vvenvreerrerreereeereeereerreseeeseeesseesseesseesseens 2
IMEPUCEG POPEG .evvenvreenerieeieieiieeeeeeteeesteereesaseeseesnneessssensaeenneens 3
IMUKPO SUAGTIIOL 1ecvveeeveeriereeereereessees s sreeseeeseesseesseenseeeesseesseeseens 4
KAOOROU .o 5

11. TT660 aAnBivec N yevdeic eivar O ToPaKAT® TPOTAGELS 6T O1KN 6O TEPINTOOT);

Evteldog [MdaAlov  |Asv MdaAilov  [Evtelmg
AlBeio  [AAnBea  [Eépw Wépna Wépna

0. Mov @aivetat 6tL appwotaive Aiyo |1 2 3 4 5
EVKOAOTEPO ATO AALOVLE AVOPDOTOVE

B. Eipon 1660 vyug 660 6lot o1 1 2 3 4 5
V@G TOL LoV

y. Tlepyévem o6t m vyeio pov Oa 1 2 3 4 5
YELPOTEPEVTEL

0. H vyeia pov givon e&apetikn 1 2 3 4 5
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K\ipoxa Zung

(Zung Self-Rating Depression Scale)

/ /

Patient’s ID:

Hpegpounvie (muépa / pivag / £€tog)

GG UVTUTPOCMOTEVEL

Hopokari®d POPKAPETE PE TO oo, (\/) NV OTEVTION TOV

Institutional Repository - Library & Information Centre - University of Thessaly

02/05/2024 20:22:24 EEST - 18.222.119.227

[1660 cuyvd aebaveote ta cuvarstuate | Emavia Kamoteg Apxetég T TEPLGGOTEPEC
IOV AVAPEPOVTOL OTIG TOPUKAT® QOpEg ©OpEg PopEg
TPOTAGELC;
1. AwbBdavouar omoyonTevpévos /n Kot
Avmmuévog /m
2. To mpwi givon Tov aicOdvopon
KaAVTEPQL
3. Nibbw o611 8éAw va. Khayw, 1 Khaio
KATOlEG POPEC.
4. Avokolebopat va koyndm to Ppddv
5. Tpodo dnwg tavia
6. Axopo amorapPdaveo to oeg
7. Tlpdoe&a 6T yoved Papog
8. 'Exo mpofAquata duokoidtrog
9. H xopdid pov yromd mo ypiyopo tov
teleutaio Kopd
195




10. Kovpdlopo ywpig Adyo
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Kiipoxa Zung (cuvéyeia)

(Zung Self-Rating Depression Scale)

[1660 cuyvd aebaveote Ta cuvalsOuaTa
OV AVAPEPOVTOL OTIG TAPOUKAT®

TPOTAGELS;

Yravio

Kdamoteg

POpES

Apxetég
POpES

T
POpEG

MEPLGGOTEPEC

11. To pvoroé pov givon kabapd (ympic

GKOTOVPEC) OTMG Ko AL

12. Mov @aivetal EDKOAO VO, KOV S1ipopa.

TPAYULOTO OTI®S TOAE,

13. Eipon aviiovyog Kot dgv Umopd va.

kaBicm fpepa

14. AwBdavopot cio16d0E0c Yo o péEAAOV

15. Eipon o 60otpomoc/n om’ 6Tt fjuovva

0TO TOPEADOV

16. Mov @aivetol E0KOAO0 VO, TOipV®

OTOPACELS

17. AwBdavopon 6T gipon xpnoipog Kot

avaykaiog

18. "Eyo o yepdrn {on

19. AwBdavopm 6t Kdmorol avBpwmot Ha

NTOV KAADTEPA AV UOVLV VEKPOS

20. Axopo amorapuPdve to TPAyHOTo TOL

LLOL ApECHY TOALY
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Wang Law Emotional Intelligence (WLEIS)

AWQPOvVe

Amélota

Zopeovo

Amélota

1. SEA

T meplocotepeg  POPEG
kataAafoivo (xo puo kaAn
aicOnon) TOL yuoti
ocOdvopan Ta
cuvaucuoto ov voldmbm

(éto1 Omw¢ asOavopat).

2. OAE

ITavta pmopd vo KataAdfm
g owobdvovioar ot eilot
LoV ue Béon ™mv

GLUTEPLPOPA TOVG,

3. UOE

ITavta Bt otdy0oLE Y100 TOV
€auTd Pov Kal petd Palom to
SLUVOTA [OL YL VO TOVG

TETVY .

4. ROE

Mnop®d pe v Aoyikn va
eMéyEm tov Bupd pov kot vo
avTomeEEAOm oTIg

dVOKOALES.

5. SEA

Exo po ko xotovonon

TOV cLVOICHNUATOY pov.

6. OAE

Eipow xahog mopatnpntig
OV

cuvaeONUATOV TOV GAADY

7. UOE

[Téavta ‘Aéw otov g00TO oV’
ot elpan éva

G&ro ko oo dropo.

8 ROE

Eipor omdlvto wavog va

eMyém  ta cuvousOnuoTd
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LLoL

SEA

[Mavto  xotorofaive  Tog

olcOdvopaL TPOYUATIKA.

10.

OAE

Eiuor  evaicOntog  ota
covaucOnuoto kol TV
GUYKWVNOLOKY  KOTAGTOON

TOV GAA@V avOpOT®V.

11.

UOE

Eipon éva dropo pe oyvpd

kivnTpa.

12.

ROE

Otav Boudve, mhvta uropm

VoL NPEPNO® YPTyopa.

13.

SEA

ITavta yvopilo ov elpo

YOPOVLEVOC T} OYL.

14.

OAE

Eyo po koA katavonon

TV  cvvoucOnudtov TV

avOpOTO®V YOP® LOL

15.

UOE

[Tavta Topaxvd Tov €0TO
LoV VO KOTOQEPEL  TO

KOAVTEPO.

16.

Exo «xohd éleyyo TtV

cuvausOnudTeV pov.
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Schutte Self - report Emotional Intelligence Scale (SSEIT)

Tlpotionc Aragowed L0 ppeonve
Ardivra amoAvTa
1 2 3 R S

TEjpm TOLEL LIVEI T) GTUY T VO HATGE 71
T POGHTNG pow Zpofinpare o8 Grions,
2. DTuy ey THIE TOMe Lpmoonue aTr Lor
pow, Dopdy GTIYIES FOD ay TIHETORMGA
rapOpow LpTOo Km to Seadpac.

3. Thotwwim 61 Ou to i Kok pe ta
TEPIGGOTEPE TPEYUELTE 7Tov ovedaufiave,
4. Ov@zzon avfiporo pe sumotmbovTa
EOROALL

5. Moo aivin SDGK0L0 Vi RIETaVOTGH T
wpn= ALRTINGS VO RaTE Ppvopa e waov
avbpomomy |, *

6. Kamowr aitd 10 onpov iisotepo
REPICTADRG GTY) LT Hov [ odyncoy v
EROVOTPOGMOPIGE T1 SV GTJUAVTING Kt
ndn.

7. Oray wiale vy ovideon pov frinm vies
dovarotnTec.

8. T ovvanothuota sivas fvo o
APEYRETE OV KEVOUY Ty Lo pov v
aZilo

9 Aviiaapfavoum ta cuvaactnuate poo
wubos o fuaveo,

10. [eptpeves va copfoov swa apayuate.
11. Mov apéon va porpalopm e
COVOOT Pt pov ue @rove,

12, Dray frove tva Benikd covaiotnue,
EEPE) TS VL TO WV vz Sap o,

13, Opyavainve sKOMAOGELS GTIS 0TS
LUPOV I VI GO UUE THGYOUV (LAL0L

14, Avalnud Spaatypdmiee xov pe
KAVODY 7APODUEVO’ 1)

15, Avodopfavopm ta «pmn-2eKm K
HIVO T FTOD GTELVG G5 ALV

16. Tapovaadm tov 2antd pou us &yvo
TPOTO OV SPUOvPYEL KA EVTHRMGT)
GOV AONC,

17. Oray zipm eodiddetoc pov siven
EOKOAD Vi Lo Tpofkpata,

18. Avapvopiln ta ovvaoijua oo
Provovy o1 @hor oo Tic ENPPAGELS TOD
TPOGHAOL TOVS

19. I'vorpile i petefdiiovea
cuvmotpari

How.

20, Dzav gipm eodurfotoc sipm o Bion va
CETVOM»

vEes 1060

21 Mropo va ediypm ta cuviotnpocd
HOV.

22, Avayvopilo shxkoAn ta oovenolipuotd
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Epotmpatoroyo Katadiwyng
Beck Depression Inventory (BDI)

IMopoakarodpe vo Barete LOVO Evay KOKAO UTPOGTA GTNY OTAVINGT] TOL EKPPALEL KAADTEPQ

¢ acfdveste. Inueidote pio amdvinen and kdbe evotnto.

A. 0. Aev arsBdvopot Avmpévog

1. AwoBdvopat AvTnuévog 1 LEAYXOAKOG

2a. Efpot Aomnpévog 1 LEAayXOAKOG GUVEYMG Kol SEV UTOPM VO, OTTOAALYD
amod avTo.

2B. Eipot 1660 perayyoMkdc 1 SUGTUYIGHEVOE MGTE anTO LoV Tpo&evel mdvo.

3. Eipot 1060 pelaryyoAkog 1 SuGTuyIoHEVOS MGTE OEV UTOPM VO, TO OVTEEM.

B. 0. Agv gipon Wuwitepa amois1680£0¢ 1 amoBappupévos yio To HEAAOV.

1. AwsBavopar yopig 0appog yio o pEALov.

2a. Mov @aivetol 0Tt dev £xm Timota KaAd vo TepEV® amd To LEAAOV

2B. Mov @aivetot 0tL dev Oa Eemepdom TiG SLGKOMESG [LOV.

3. Mov @aivetat 6tt to péAoV eivat ympig eAmida kot 6Tt o Tpdrypata dev pmopei

va TIaE0LY.

I'. 0. Aev ocBdvopot amotuynUeVos.

1. Mov gaivetat Tt gipat AmoTLYNUEVOS TEPIGSOTEPO OO TOLG AAAOVG
avBpdmovg

2a. AoBdvopar 61t £xm methyel ot LN pov ToA Alya Tpdypata aEwe Adyov.
2B. Kabng oxéptopar ™) {on pov péypt tdpa to pdvo mov PAER® givorl moAAEg
amotuyieg

3. AoBdvopan 6Tt gipon Tedelog amotuynuévos cov dtopo (culuyog - TaTEPIC).

A. 0. Agv a1s0dvopon daitepo SUGAPESTNUEVOS

la. AoBdvopot Bapieotnuévog oxeddv OAN v dpo.
1B. Agv amorapupdve ta tpdypota dTmg TpadTa.

2. Agv pe guyoplotel o timota.

3. Ac0dvopat SusapecTNIEVOG [LE TO KAOE T

E. 0. Aev cucBdvopat Wwitepa £voyo tov eqvtd LLOV.
1. TToAAEg popég oucBdvopat Kakog 1 ympis asia.

2a. AcBdvopon Told €voyoc.
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2. Tov terevtaio kapd acBivopat kakog 1 xopig a&io oyxeddv OAn v dpa.

3. AeBdvopat 6tt gipan ToAd Kakdg 1 avaglog

Z. 0. Agv cucBavopot 0Tt TIH®POVLLUL.

1. AwoBdvopar 6Tt KTl KoK propei va ov cupPel.
2. AwoBdvopar 6Tt Tinpovpat 1 6tt Bo TipopnBG.
3a. AweBavopon 6tt pov a&iet va Tiuapnod.

3B. Oéro va Tipmpndd

Toapdptpa IT

H. 0. Aev aisOdvopat amoyonTeLUEVOG OO TOV EQVTO LLOV
la. AicOdvopot amoyonTeLIEVOS 0o TOV ENVTO LOV.

1B. Agv pov apécel 0 EaVTAOg OV.

2. Zyyoivopat Tov €00TO POVL.

3. Mio® tov €00t pov.

0. 0. Agv aucBdvopon 6Tt giptan YEPOTEPOS OO TOVG AAAOLC.
1. Eipon awvotnpdg pe Tov 0uTo oL 1o TIG adVVOpieg Hov.
2a. Kamnyopd tov g0vtd pov yia ta Aadn pov.

2. Katnyopd tov €avtd pov yia kébe kakd mov cupPaivet.

L. 0. Agv pov épyovtotl oKEYELS Vo KAV® KOKO GTOV £00TO LLOV.

1. Mov €pyovTotl GKEYEIG VL KAV® KOKO GTOV £0VTO 1oV aAAd moté dev Oa Ekava
KAt T€TO010.

2a. Mov @aivetot 6t Oo ftav kaAdtepa va TEédava.

2. Mov @aivetar 6tL 1 otkoyéveld pov Ba Nrav kaAdtepa av TEGovaL.

2v.'Exo cvykekpyéva oy€dia autoKkToviag.

3. ®a qVTOKTOVOVGQ OV HTOPOvGO.

K. 0. Agv Khaio TeptocdTEPO amd T0 GLVHOIGUEVO.

1. Khoio tdpa teprocdtepo and 61t cuvimg.

2. K\aiw cvveydg, dev LTopd voL TO GTOUATC

3. AAhote pmopodoa vo KAAW®, 0AAd Thpa [Lov etvatl addvato vo KAGW®

ov 10 OEAm.

A. 0. Agv glpon meplocdTEPO EKVELPLOUEVOS A0 OTL GLVHBMG.
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1. EvoyAodpar 1 ekvevpilopot meptocdtepo amd 6Tl cuviimg.
2. AwoBdvopat dlopkdg EKVEVPICUEVOG

3. Aev exvevpilopat Topo yio TpdypaTa mov pe vevpialav cuvifwc.

M. 0. Agv €ym YGceL TO EVOLOPEPOV OV Y10, GAAOVS 0VOPMITOVG.

1. Evduagépopat todpa Aydtepo yio Tovg GAAOLS avOpdTouS amd 0Tl TaAdTEPQ.
2. Exm y0ogl 10 meptocdTEPO EVIAPEPOV OV Y10 TOVG AAAOLS OVOPMITOVG Kot T,
OGO LLOTA LLOL Y10 L TOVG £XOVV ALYOSTEWEL.

3. 'Exo yboet 6Lo TO VOLOPEPOV LLOV Y10 TOVG GAAOLS avOPOITOVG Kot deV

votdCopot KaBoA0L YU aVTOVG.

N. 0. Eipoi 7o id10 0mo@aciotikds 0nme mdvta.
1. Tehevtaio avaPaiiom To va Toipved amoQacELS.
2.'Eyo peydin dvckolia 610 vo Taipve anopacels.

3. Aev pmop® vo mhpo Kopd amdpac).

E. 0. Aev pov @aivetor 6T1 1 ELEAVIOT Hov givar XEPOTEPT 0O GALOTE.
1. Amovy® pAmog potdlm YEPAGUEVOS KOt ovTIToONTIKOG

2. AwsBdvopar 61t éyve TéTo OAAOYT) ETAVO OV, DGTE VO QALiVOLLOL
avTimaOnTiKog

3. Mov ¢aivertat 0Tt giplon AoyNILOG Kot OTOKPOLGTIKOG

0. 0. To kaTaEEPVO GTN SOVAELY OV OTTMG KOL TPADTA.

la. Xpewdletor vo kbvem 1dtaitepn Tpoomddelo yuo va. opyicm KATow SOVAEL.
1B. Agv 10 KoTOQEPVO GTI SOVAELS [LOV OTMG TPMTOA.

2. Xpetaletal va TEG® TOAD TOV EXVTO LLOV Y10 VO KAVD KATL.

3. Mov givat adhvato va pyosTo.

I1. 0. Kowdpot téco kahd 660 cuvndmg.

1. Evvd 1o mpoi mo Kovpacpévog amd GALOTE.

2. Eunvd 1o mpwi 2 - 3 dpeg vopitepa amd GALOTE Kol SUGKOAEVOLLOL VO
Eavaxoun0o.

3. Bunved vopig kéBe pépa Kot dev pmopd vo Kondo ndve and 5 dpeg

10 24mpo.

P. 0. Aev kovpalopat evkolotepa amd 6Tt GuVNO®G.

1. Kovpdalopat Tdpo eDKOAOTEPO OO TPMTOAL.
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2. Kovpdalopat pe 1o mopapikpd mov Kive.

3. Kovpdlopat 1660 g0kolo HOTE OV UTOPD VO KAV® TITOTE.

>. 0. H 6pe&n pov dev givar yeipotepn omd GAAOTE.
1. H 6peé&n pov dev gival 1660 koA 660 AAAOTE.
2. H 6pe&n pov givor modd yeipotepn topo.

3. Aev &o mo kaBolov 6peln.

T. 0. Aev &y yGoel oxeddv kaboLov Papog Tov teAgvTaio karpod.
1. Exm ydoetl nepiocotepo amd 2 KNG,
2. Exm ydoet nepiocotepo amd 4 Kikd.

3. 'Exo yboel meptocdtepo and 7 KIAG.

Y. 0. Aev pe anacyolei n vyeio pov mePLocOTEPO OO GALOTE.

1. Mg anaoyorobv movol | fapuctopaytd 1| SuoKoAOTNTA.

2. Mg anaoyoAel 1060 TOAD T0 TOG ocBdvopat 1 1o T asbdvopat doTe pov
glvar dOoKOLO VO GKEPTMD TimoTE GANO.

3. Eipot eviehdg amoppopnuévog pe to Tt aisbivopat.

®. 0. Aev &yo mpocéel TedevTaio Kopd oAy GTO EVILOPEPOV OV Y10 TO GEE
(Yo 116 yovaikeg).

1. Evéwpépopat tdpa Atyotepo yio 1o 6e& (Yo Tig yuvaikeg) omd 6t cuvinlmg.
2. Evéwgpépopat Tohd Atyotepo tdpa yio o o&& (V1o TIG YOVOiKeQ)

3. "Exo ydoet teheimng To vA1AQEPOV OV Y10, TO GEE (Y10 TIG YOVOIKES)
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Missoula - Vitas® Quality Of Life Index
VERSION - 15R
OAHI'IEX:
Ynueidote 10 Pabud 6Tov 0mol0 GUUPOVEITE 1 JOPOVEITE LE TIG TAPUKAT® TPOTAGEI KUKADVOVTOG KAOE
@opa pia amdvnon. Av kavete Adboc 1| oAddéete yvoun, dwypdayte ue éva X ) AdBog amdvinon kot
KUKADGTE T cwoth andvinon. [HupakaAodue vo amavinceTe 6€ OAEG TIC EPMTNOEIC. XaG EVYUPICTOVUE €K

TOV TPOTEPMV.

X@OAIPIKH INOIOTHTA ZQHYX

[aog Ba Pabduoroyovcsate T cuvolikn TotdtTa (ONE GOG;

1 2 3 4 5
IToAv Dty Métpa Koin IToAv
OTOYM KOAN
ZYMIITQMATA
1. AweBdvopon dppwactog/n cuveyela.
-2 -1 0 1 2
ZOUEOVO ZOHOOVOD Ov1e CLHPOVD  APOVH AQovo
amo LT 00TE S10.POVD amolvTo

2. Eipon wavomoimpuévog e Tov Topivo EAEYY0 TMV GUUTTOUATOV LOL.

4 3 0 -3 -4
ZOUEOVO ZOHOOVOD Ovte copPOVH  AlPOVED Alpovo
amorvTo 001 SLOPOVD omdAvTa

3. H copatikn evoyinon eumodilel ke svukaipio yio dtuokEdoor).

5 4 3 2 1
ZOUEOVO ZOHQOVOD Ovte cLpPOVD  AlLPOVD Alpovo
amo LT 00TE S10POVD amolvTo
AEITOYPI'IKOTHTA
4. Agv gipon TAEOV KOVOG/M vaL KAV TOAAY amd To TPAyHLaTo TOL LoD OPECEL VO, KAV®.
-2 -1 0 1 2
2Zopeovo ZUHEOVO Ovte cuppaved APV Awpoveo
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amoOALTO 00TE S10.POVD amo LT

5. ATOdEYOpOL TO YEYOVOC OTL dEV UITOPD VAL KAVM TOAAY amd To Tpdypota Tov cuvi 0ila va Kavo.

4 3 0 -3 -4
SUHPOVD SOHPOVD Ovte oLHEOVD  AloPOVD AQovo
amoOALTO 00TE J10POVD amoAvTA

6. H wavonoinon amd m (on pov eoptdtor amd To v €lpol OpocTnplog/a Kol vo UTop®d Vo

ovToeEVINPETOV AL,
5 4 3 2 1
ZUUPOVD ZOUPOVD OV1e GLUEOVD  AlLPOVD AQOvo
amoOALTO 00TE J0POVD amoAvTa
ATATIPOXQIIIKEY. YXEXEIX
7. Tov televtaio Kapo eipon tkovog/ M vo Lotpalopot SNUOVTIKGE TPAYUOTO LLE T KOVTIVA OV TPOCMTA.
2 1 0 -1 -2
SOUPOVD ZOUPOVD OV1e GLHEOVD  Al0POVD AQovo
amorvTo 001 SLPOVD omdAvTa

8. XV mapovoa Aot TEPVD 0G0 XpOvo BEAM LE TNV OKOYEVELX KO PIAOVG.

4 3 0 -3 -4
ZOUPOVD ZOUPOVD Ov1e GLUEOVD  Al0POVD AQovo
oamorvTo 001 SLOPOVD omdAvTa

9. Eivat onpavtiko yuo péva va £ OTEVES TPOSMOTIKES GYECELS.

5 4 3 2 1
ZOUEOVO ZOHQOVOD Ovte cLpPOVD  APOVD Alpovo
amo LT 00TE S10.POVD amolvTo
EYEEIA

10. OrvmoBéoelg pov dev elvar TakTomompéves. Avnovyd yio 1o 6Tt TOAAG TPAYULOTO TAPOUEVOLY GAVTAL.

2 -1 0 1 2
ZUUPOVED ZUUPOVEO Ovte cvpeOved  Alopovod Aweovo
amoO LT 00TE S10.POVD amolvTo

11. Eipon mep1ocOTEPO IKOVOTOUEVOS/T LLE TOV E0VTO LOV TOPO. Ad OTL HLOLV TPV TNV AcOEVELD pLov.

4 3 0 -3 -4
ZUUPOVED ITTOINTA) Ovte oV  Al0POVO AwQovo
amo LT 00TE S10.POVD amolvTA
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12. Etvot onpovtikd yio péva vo ot KOG Le TOV E00TO oV,

5 4 3 2 1
PTIOINTA) ITTOINTA) Ovte cLHEOVD  AloPOVD AQovo
amoOALTO 00TE J10POVD amoAvTA
IINEYMATIKOTHTA
13. AweOdvopar 6t 1 Lon pov €yl peyaddbtepo vomuo topa omd Ot glxe 610 TPV,
2 1 0 -1 -2
ZOUPOVD ZOUPOVD OV1e GLUEOVD  Al0POVD AQOvo
amoOALTO 00TE J0POVD amoAvTa

14. H (o éyer yooet kaOe a&ia yio péva. H kabnuepvotnta sivat évo Bapoc.

-4 -3 0 3 4
SOUPOVD ZOUPOVD Ov1e GLUEOVD  AlLPOVD AQovo
amoAvTo 001 SL0POVD omdAvTa

15. Eivot onpavtikd yo péva va aiodavopat 6t Lon pov £yet vonua.

5 4 3 2 1
SOUPOVD ZOUPOVD Ov1e GLUEOVD  AlLPOVD AQovo
amorvTO 001 SLOPOVD omdAvTa

207

Institutional Repository - Library & Information Centre - University of Thessaly
02/05/2024 20:22:24 EEST - 18.222.119.227



Institutional Repository - Library & Information Centre - University of Thessaly

02/05/2024 20:22:24 EEST - 18.222.119.227

K\ipoxo Yavniiog Epworth
(Epworth Sleepiness Scale)
Huepounvie. (muépa./ upvag / £€1og) [MopoakaAd KVKAGDGCTE évo OO TO. VOOUEPO, TOV
/ / Bpiockovial KGt® amd TV amdvinon 7oL GG
OVTUTPOCMEVEL.
Patient’s 1D:
[1660 cuyvd vidbete vivnAia (YAapdvete) IToté Mikpn MBavov Tyeddv
00.G TOiPVEL 0 VITVOG KOTA TNV JEPKELN, TOV mhavomra va cupuPel | mhvta
TOPAKAT® KOTUCTAGEMV;
1. Ortav dwpdlete éva Pipiio M kdmolo
TEPLOOIKO KaOIoHEVOY/M 0 1 2 3
2. Otov PAénete TAeopoom
0 1 2 3
3. Ortav mapaxorovbeite pio culntnon oe
onuoclo yopo M PAémete o Toavio 0 1 2 3
GTOV KIVNLLOTOYPAPO
4. Otav ta&devete ocav ocvvemPdng oe
éva IX avtokivnto kon dev €yete Kdvel 0 1 2 3
OUIAELULD Y10t TOLAGYIGTOV i DPOL
5. Otav Eamhdvere 1O peomUéEPL HETA
pobyo o€ évav  KOVOTE Yyl va 0 1 2 3
Eexovpaocbeite
6. Otav KovPevtialete kabioTOG
0 1 2 3
7. Otov petd to peonpepavo oag yevpa
(0ev €xete KaTavOAMGEL AAKOOA) 0 1 2 3
kaficete Kot TEPUEVETE Yl Alyo
8. 'Otav odnydre To ovTOKivVNTO GO KOt
glote oTapOTNUEVOG/M OTNV Kivion 0 1 2 3
208



Agiktng IMowdotnteg Yavov tov Pittsburgh (AITY)
Oonyieg: O1 axoiovles epwtnocis oyetilovtar ue T ovVROeIES DTVOD TIC OTOIES ElYUTE
KaTd, T OLOPKELQ LLOVOY TOD TEPOTUEVOD unva. Ot aravinoeis oog Oo mpemel va. eivol
OKPIPELS YIo. TV TAELOWNQLO. TV NUEPDV KOL VOXTWOV TOV TEPOOUEVOD uijva. Tloporxodo,

OTOVTHOTE 0€ OAES TIG EPWTHOEIG.

Katd 1 dudpkero Tov tepaspévov pufqva,

1. Tléte ovvnBwg mnyoaivate yuo Vvo;

2. TI6on dpa (og Aemtd) cog Ematpve yia vo, kowunbeite, kabe Ppadv;

3. Zvvnfug to Tpoi Tt opa Eurvovcarts;

4. T16oeg MPEC KOWACUTTAY TPAYLATIKG KaTd TN O1dpKeLa tng voyTog; (Mn meptlapfovouévay tov

®POV 1OV BplokdcoacTay, GUAVOL 6TO KPEPATL;

5. Kotd ™ Odidpkela tov mepacpévov | Oy katd Arydtepo and Mia 1 dvo Tpewgn

uva, OGO  CLYVE  OVTILETOTICOTE | SLUPKELN TOV 1 popd v POpEG TNV MEPLGGATEPEG

TpoPAnLaTe VITVoL STt ......... TEPAGUEVOD gPfodopdda (1) gfdopada (2) Qopég v
Ly (0) cBSnn&So ()

a. ogv pmopovoarte va koynbeite péca og

20 ) carads-

B. Eumvovcate katd To LecdvuyTa i

A A r r
o A\ svcnnt~ mn oo

v. énpene vo, onkmbeite yo tovaléta;

0. 0&vV UTOPOVGOTE VO, OVOTVEVGETE

Ié
1A INTE NI TIIAA .

€. glyate Prya N poxaiilote dSvvord,

OT. KPLOVATE VIEPPOAIKA;

. (eotawvdocactay vrepPolikd;

n. PAérate doynua dvepa;

0. movovoarte;

dAAeg antieg. [Tapakald meptypayte TIC
OVOPEPOVTAS KOl TOGO GUYVE Elyote
dVOKOAID GTOV VTIVO AOY® CVTOV TOV
QLTLOV:

6. Katd m didpkela Tov tepacévon
pnva OG0 oLy va Taipvore vIvoyova
oaproKa;

7.Katd m didpkela Tov TEPUCUEVOL
unva. 1060 GLYVE OVTILETOTICATE
TpoPAnpo vo peivete Evmviog/a dtav
o0dnyovoaTe, TPAYITE 1] GE KATOLL
KOW®VIKT dpaoTnplotnTa;
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8. Katd ™ didprela Tov TEPUSUEVOL
UvVa TG0 GVGKOAO GOG TTOV VO

dlotnpnoete t 6140e01 Gog Vo KAVETE

[ToAd kaAn Yxed6V KON Yxed6V KoKn Kaxn
©) @) @)

9. Katd ™ d1dpKela TOV TEPUTUEVOL

uiva Tog Oa faduoroyodoate v

EPQTHMATOAOI'TO AZIOAOTHXHX I[IONOY

Hpépa:  (1émc5)
Kab6Aiov "Hrmiog Métprog "Evtovog
ITévog
TOAUKOG-pLO KOG ) n._ ) 3
oav va ‘mepratdel’ ) n._ 2) 3)
cav ‘poyopld’ o_ ) 2)_ y_
O&0¢ 0 n___ 2 3)__
oav ‘Kpaumo’ ) n. 2) 3)
oav va ‘0ayKdvel ) n. 2) 3)
Koo TIKOG — (0TOG ) n. 2) 3)
YEVIKOG — SL0PKNG o_ 1) 2)_ y_
aicOnua Pépovg ) n. 2) 3)
EvaicOnrog ) n. 2) 3)
dpeMoTikog-cov va o€ ‘okilel’ ) n. 2) 3
Kovpaotikde ) n. 2) )
andoTIKOG — VOO POG ) n. 2 3
Tpopaktikdie ) n. 2) )
BoacavioTikdg — okAnpog 0 nH. 2 3
KA®GOAOY O XEIPOTEPOX IIONOZ
[TIONOZ [HOY EXETE NIQXEI TIOTE
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0. KaBorov I16vog
1. "Hmwog

2. Evoylntikodg

3. Odvvnpodg

4. ®piKTog

5. Apdépnrog

E.ILIL
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Ovopatenovopo:

Erineda @vokig ApaotnprotnTog

Hpepounvia raparapic pypotopetpnti:

ApOpoc BnpatopeTpntn:

No

Hpepopnvia

Bijpata

YXyoia

2vvoho

Responsibility of:
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FIBROMYALGIA IMPACT QUESTIONNAIRE (FIQ)

Directions: For questions 1 through 11, please circle the number that best describes how you did overall for the

past week. If you don't normally do something that is asked, cross the question out.

Always
Were you
able to:
1. DO ShOPPING? ...cvvevieeeeeee e 0
2. Do laundry with a washer and dryer? ............ 0
3. Prepare meals?.......c.ccoeeveeveevceececeeecvenee 0

4. Wash dishes/cooking utensils by hand? ........ 0

5. Vacuum arug?. ..c.ccoceeeveerereercnneerene e 0
6. Make beds?. ..o 0
7. Walk several blocks?. ......c.ccovvveiinncncniinnns 0
8. Visit friends or relatives? ..........ccccceoeevrnenenenes 0
9. Do yard WOrk?. ......ccccooevveeveceieeie e 0
10.DriVE @ CAr?2..coceieeeerceciee e 0
11.ClIMD StAIrS? ...t 0

Occasionally ~ Never

1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
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12. Ofthe 7 days in the past week, how many days did you feel good?

continued on back of page
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FIBROMYALGIA IMPACT QUESTIONNAIRE (FIQ)

Directions: For the remaining items, mark the point on the line that best indicates how you felt overall for the past

week.

14. When you worked, how much did pain or other symptoms of your fibromyalgia interfere with your ability to do

your work, including housework?

ST AN I NN S N N N N

No problem Great difficulty with work
with work

15. How bad has your pain been?

ST AN I NN S N N N N

No Very severe pain
pain

16. How tired have you been?

T AN N NN S N N N N

No Very tiredness
tired

17. How have you felt when you get up in the morning?

T AN N NN S N N N N

Awoke Awoke well rested
very tired

18. How bad has your stiffness been?

T AN N NN S N N N N

No Very stiffness
stiff

19. How nervous or anxious have you felt?
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ol ol

Not Very anxious

anxious

20. How depressed or blue have you felt?

S N I IR IR (N I N Bl

Not Very depressed
depressed
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The 33-item emotional intelligence scale

(1) T know when to speak about my personal problems to others

(2) When 1 am faced with obstacles. | remember times | faced similar obstacles and overcame them

(3) expect that T will do well on tmost things | try

(4) Other people find it easy to confide in me

(5) 1 find it hard to understand the non-verbal messages of other people®

(6) Some of the major events of my life huve led me 10 re-evaluate what is important and not important

(7) When my mood changes. | see new possibilities

(8) Emotions arc one of the things that make my life worth living

(9) 1 am aware of my emotions as | experience them

(10) 1 expect good things 1o happen

(11) Llike to share my emotions with others

(12) When 1 exp a posi ion, I know how to make it last

(13) I arrange events others enjoy

(14) 1 seck out activitics that make me happy

(15) Tam aware of the non-verhal mescages | nd to others

(16) I present myself in a way that makes a good impression on others

(17) When I am in a positive mood, solving problems is easy for me

(1¥) By looking at thar facial expressi I recognize the ions people are experiencing

(19) | know why my emotions change

(20) When 1 am in a positive mood. | am able to come up with new ideas

(21) | have control over my emotions

(22) | casily recognize my emotions as | experience them

(23) I mots myself by imagining a good to tasks | take on

(24) 1 compliment others when they have done something well

(25) 1 am aware of the non-verbal messages other people send

(26) When another person tells me about an important event in his or her life, I almost feel as though | have experienced
this event myself

(27) When | feel a change in emotions, | tend to come up with new ideas

(28) When | am faced with a challenge, | give up because I believe 1 will fail*

(29) 1 know what other people are fecling just by looking at them

(30) 1 help other people feel better when they are down

(31) 1 use good moods to help myself keep trying in the face of obstacles

(32) 1can tell how people are feeling by listening to the tone of their voice

(33) Itis difficult for me to understand why people feel the way they do*

Note: The authors permit free use of the scale for research and clinical purposes.
*These items are reverse scored.
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193

SHORT-FORM McGILL PAIN QUESTIONN.AIRE

RONALD MELZACK
PATIENT'S NAME: DATE:
NONE MILD MODERATE SEVERE
THROBBING 0___ n____ 2) 3)
SHOOTING B | 2) 3)
STABBING . | 2) 3)
SHARP P | PE— | AOREE, 3)
CRAMPING o T 2) 3)
GNAWING 0) [ 9 3)
HOT-BURNING 0) W 2 3
ACHING 0__ w____ Y 3
HEAVY 0 | 98— 3)
TENDER 0) | " 3)
SPLITTING 0____ n____ 2 y___
TIRING-EXHAUSTING  0) 0o 2 3)
SICKENING o I 9 3)
FEARFUL 0) T 2 3)
PUNISHING-CRUEL 0) SR P 2) 3
WORST
| | POSSIBLE
PAIN

PRI
0 NOPAIN
1 MILD
2 DISCOMFORTING
3 DISTRESSING
4 HORRIBLE
5 EXCRUCIATING ® R. Meizack, 1984

Fig. 1. The short-form McGill Pain Questionnaire (SF-MPQ). Descriptors 1-11 represent the sensory
dimension of pain experience and 12-15 represent the affective dimension. Each descriptor is ranked on
an intensity scale of 0 = none, 1= mild, 2 = moderate, 3 = severe. The Present Pain Intensity (PPI) of the
standard long-form McGill Pain Questionnaire (LF-MPQ) and the visual analogue (VAS) are also
included to provide overall intensity scores.
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Appendix 5: Neurological Examination

NEYPOAOI'IKH EZETAXH

Eyxepoikéc ovluyiec:

Mvikn woy0g:

oVOY OO OU®V:

OToY®Y] VO AKPOV:
Képym avtiPpoyiov:

éktoon avtipayiov:

€KTaoT KOPTov:

£KTOGT OOKTOA®V:

KGN KopTov:

KGN OaKTOAWV:

omoy®YY] SAKTOAWDV:
avtifeon avtiyepa:
avtifeon pkpol daKTHAOL:
KGpymn unpov:

TPOCAYWYN- ATOY®YN UNPOL:
KApym Kvung:

€KTOOT KVIUNG:

payraio Képym dkpov mwodog:

poayraio Kpym doKTOAMV:

meApatioio KAUYn dkpov Todog:

meApaTiodo KAUWT SaKTOA®V:

Tevovtio avtavokAaoTikd:

M€ para:

Institutional Repository - Library & Information Centre - University of Thessaly

Bpaylovoxepkidiko:

AepaAKo:

Tpwepaiiko:

Emyovato:

Ayilero:

02/05/2024 20:22:24 EEST - 18.222.119.227

238



EmmoAng ancntikotn o

Apn-ntieom
Oeppo-yuxpo

Ev 1o BaBet cobnrikotnTa:

®¢omn HeL®dV GTO YOPO

moAhoicOnoio

Hopeykepoidikég dokipacies:
Badion ehedBepn, emtnoevpévn:

EYPHMATA NEYPO®YZXZIOAOI'TKOY EAEI'XOY

APIXTEPO ANQ AKPO

NERVE Latency Amplitude (Mv) | NCV (m/sec) | F-wave
(msec)

Median CMAP

Ulnar CMAP

Median SNAP

Ulnar SNAP

Institutional Repository - Library & Information Centre - University of Thessaly
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AEZIO ANQ AKPO

NERVE

Latency (msec)

Amplitude (Mv)

NCV (m/sec)

F-wave

Median CMAP

Ulnar CMAP

Median SNAP

Ulnar SNAP

APIZTEPO KATQ AKPO

NERVE

Latency (msec)

Amplitude (Mv)

NCV (m/sec)

F-wave

Peroneal CMAP

Tibial CMAP

Sup.Peroneal
SNAP

Sural SNAP

AEEIO KATQ AKPO

NERVE

Latency (msec)

Amplitude (Mv)

NCV (m/sec)

F-wave

Peroneal CMAP

Tibial CMAP

Sup peron SNAP

Sural SNAP

KAIMAKA BAOGMOAOI'HZHZ Tng MYIKHX [ZXYOX KATA MRC

5/5 @uotoAoykn PVikn 160G
4/5 ghappd Tapeom (EMdTTOON HLIKNG 10Y00G Kotd 25% mepimov)

[Ipng evepyntikn kivnon

O pog etvar kovos va TPosPEPEL avTIoTAOT), AAAL Oyt TAPN

M png avtifapikn kivnon

3/5 pérpra mapeon (eldtTwon puikng woyvog mepimov 50%)

[ png evepynricy kivinon

O pg etvan avikavog vo Tpoc@épet avtiotaon

I[Mnpng avtPapucn kivnon
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2/5 Bapid whpeon (EAATTOON HLIKNAG 16YvO¢ TTepimov 75%)
[Tepropiopévn evepyntikn xivnon
O pug avikovog vao, TpoceEpet avtiotoon
Avtifapikn Kivnon meploptopévn

1/5 Papdrtatn mdpeon (eAGTTON UVIKAG 10Y00g Tepimov katd 90%)
Amovoia evepyntikig xivnong pe tyvn pévo chomaong
Amovcio avtifoapikng Kivnong

0/5 mapdivon (amdreln 1oyvog 100%)

EKTIMHXH ANTANAKAAZTIKQN

K® @ucioloyikd oviovoKAaeTIKd

+1 ghapprd advénon (yopig KAGVO)

+2 pétpra avénon (ne eEavtiodevo kKAOvo)

+3 peydAn avEnon (ne kKAOvo un e&avtiodevo)
-1 ehopprd erdTton

-2 pétpro eAdttoon (LOAg TapdyovTot)

-3 KATAPYNON TOV UVTUVOKANCTIKMY
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Appendix 6: Copyright Statement

Ynev0vvn Afloon

H xdtod vroyeypappévn NAME duwaxtopikn/oc gortntpia/ng tov Adaktoptkon
Kbdkhov omovddv «AXKHXH KAI YTEIA» tov Tpnuatog Emotiung ®uoikng

Ayoyng ko AOAntiopod tov [Havemomuiov O@cccaiiog
IMADOV® LTEHOLVA OTL ATOOEYO LA TOVS TAPAKATM OPOVE TOL AUPOPOVV

(o) oto TvevpaTkd dikatdpota TG 0akToptkng Amiopatikng Epyaciag (AAE) pov
pe titho «Ilapdperpotl kKOT®OoNG ota Xpovia voonuato . H emidpaon g doxnong

o0ToVG apokafopopevovg acHeveicy

(B) ot dayeipion TV EPELVNTIK®OV OEOOUEVOV TOV Ba CLALEE® GTNV TTopeia

EKTOVNONG TNG:

1. To TveLUATIKG SIKOIDOUOTO TOL TOHOL TNG METOMTLYIOKNG OloTpPng mov Oa
wpokvyel Bo avikovy og péva. Ba akolovdONom Tig 00MNYieg CLYYPAPNS, EKTOTOONG

Kol KatdBeonc avtitdmmv e dTpng ota avdroya amobetnpia (og Evrunn i/Kot o€

NAEKTPOVIKT LOPOT)).

2. H dwyeipion tov dedopévav e daTpirg oviKeL amd Koo G€ gUEVO Kol

oTOV/oTNV TPHOTO EMPAETOVTIA -0VGA KOO YNTA -TPLOC.

3. OmnoladNmoTE EMOTNUOVIKY OMpocicvon 1 avaxkoivoon (avaptnuévn 1
TPOPOPIKN), N AVOPOPA TTOV TPOEPYETOL OO TO VAIKO/OEO0UEVA TG EPYACTING OVTNG
Ba yivetan pe ovyypageig gpéva Tov 1010, ToV/TNV KOplo-a emPAETOVTA -0VGA 1| Kot
dArovg epeuvntég (Ommg Ty LEAOVG —MV NG TPUEAOVG GUUPBOVAEVTIKTG EMLTPOTNG),
avéAoyo pe TN SLUPOAN TOLG OGNV €PELVO 1] OTN CLYYPOPN TOV EPELVNTIKOV

EPYOCLDV.

4. H ocepd tov ovopdtov OTIC EMOTNUOVIKEG ONUOGIEVGELS 1) EMIGTNUOVIKEG
avakowmocelg Bo amopaciletor omd kowov oamd guéva Kol TOV/TNV KOPo -a
emPAénovta -ovca TG gpyaciag, mpw apyicel n ekmoévnon me. H andépaon avtn Ba

motonom0el eyypdowc netald gpod Kot Tov/ng K. EMPBAETOVTO -0VGAG,
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Téhog, ONAOVO 0TL Yvopilom TOVg KOVOvES TEPi AOYOKAOTIG KOL TVEDMOTIKNG
wwoktnoiog kov 0Tt 0o Tovg TP® amapéykite ko’ OAn TN SwdpkEw TNG
@OiTNONG KOl KAADWYIG TOV EKTULOEVTIKOV VAOYPEDGEDV TOV TPOKVTTOVY 070
710 [IMX/Tppa, 0Ard Kol TOV O100IKAGLAOV ONIOGIEVSIS TOV 00 TPOKVWYOLV peTd

TNV 0LOKANPOGT TOV GTOVIMV HOV.
Huepopnvia

08/01/2016

H onrodoa/mv

Ytepavia I'pnyopiov
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