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Abstract

Fatigue is a debilitating symptom or side effect experienced by many patients on long-term dialysis.
Fatigue has a considerable effect on patients’ health-related quality of life and is viewed as being
more important than survival by some patients. There are many challenges renal providers face when
attempting to reduce fatigue in dialysis patients. The lack of a reliable, valid, and sensitive fatigue
scale complicates the accurate identification of this symptom. Symptoms of daytime sleepiness and
depression overlap with fatigue, making it difficult to target specific therapies. Moreover, many
chronic health conditions common in the long-term dialysis population may lead to the development
of fatigue and contribute to the day-to-day and diurnal variation of fatigue in patients. Key to
improving the assessment and treatment of fatigue is improving our understanding of potential
mediators, as well as potential therapies. Cytokines have emerged as an important mediator of fatigue
and have been studied extensively in cancer related fatigue. In addition, although erythropoietin
stimulating agents (ESA) have been shown to mitigate fatigue, the recent controversy regarding ESA
dosing in chronic kidney disease (CKD) suggests that ESA therapy may not serve as the sole therapy
to improve fatigue in this population. In conclusion, fatigue is an important and often under-
recognized symptom in the dialysis population. Possible interventions for minimizing fatigue in
patients on long-term dialysis should be aimed at improving health care provider awareness,
developing improved methods of measurement, better understanding of the pathogenesis, as well as
management of known contributing factors.
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Introduction

Fatigue is one of the most frequent complaints of dialysis patients and is associated with
impaired health-related quality of life (HRQOL). The prevalence of fatigue ranges from 60%
to as high as 97% in patients on long-term renal replacement therapy. -7 The importance of
fatigue to patients with kidney disease is underscored by the observation that 94% of
hemodialysis patients endorsed a willingness to undergo more frequent dialysis if there would
be an associated increase in energy level. 8 Despite the importance of fatigue to patients, health
care providers remain largely unaware of both the presence and severity of fatigue among
dialysis patients.

Although the clinical assessment of fatigue in dialysis patients has proven difficult for
physicians, it is important to recognize fatigue since there are a number of treatable causes.
The recognition of fatigue may be difficult since the recovery from fatigue has great inter-
patient variability. 10 After recognizing fatigue and assessing its severity, the physician should
first consider the general physiologic and psychological etiologies for fatigue such as
hypothyroidism and depression. In addition, there are dialysis-related causes of fatigue and
some of the factors that may lead to fatigue in ESRD patients include uremia, anemia, sleep
disorders and psychosocial distress, which may be amenable to intervention.

This report aims to examine the current definitions and theories of fatigue, instruments to
measure fatigue, the underlying physiologic and psychological correlates of fatigue and
possible interventions to improve fatigue in ESRD patients. This review also examines the role
of inflammation in the development of fatigue and explores how inflammation may act as a
common mediator of fatigue for both physiologic and psychological causes. Finally, potential
pharmacological and behavioral interventions to improve fatigue in patients with ESRD are
outlined.

Definition of Fatigue

Fatigue is a subjective sense of weakness, lack of energy, and tiredness. 11| eeetal. proposed
that it can be conceptualized as located on a continuum of exhaustion and tiredness on one end,
with energy and vitality at the opposite end of the continuum. 12 This position has been
supported by the National Institutes of Health Patient-Reported Outcomes Measurement
Information System (PROMIS) initiative where the items from the SF-36 vitality scale measure
fatigue and energy level at the upper end of a fatigue scale. 14 Ream and Richardson described
fatigue as “a subjective, unpleasant symptom which incorporates total body feelings ranging
from tiredness to exhaustion creating an unrelenting overall condition which interferes with
individuals’ ability to function to their normal capacity.” 13 Similar to Lee et al, itis our belief
that fatigue is on a continuum with weakness, lack of energy, and tiredness on one end and
energy, vitality, and pep at the other extreme.

The theoretical frameworks for understanding fatigue include the theories of (1) unpleasant
symptoms, (2) peripheral and central fatigue, and (3) a multi-dimensional fatigue experience
in ESRD. According to the theory of unpleasant symptoms by Lenz et al., factors contributing
to fatigue can be categorized as physiological, psychological and socio-demographic, all of
which have multiple complex and reciprocal interactions with fatigue. There are a variety of
interactions among the contributing factors and various symptoms resulting in a synergistic
impact on the performance variables, which in turn reciprocally influence the symptoms and
contributing factors. 15 Chaudhuri and Behan introduced the concept of central versus
peripheral fatigue. Central fatigue is defined as “the failure to initiate and/or sustain attention
tasks (mental fatigue) and physical activities (physical fatigue) requiring self motivation”.
Peripheral or motor fatigue is due to fatigue in either the muscle itself or due to brain control
over the muscle. 16 Lee et al. categorized the multi-dimensional fatigue experience of
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hemodialysis (HD) patients in Taiwan into three inextricably linked domains — physical,
affective and cognitive.17 These theoretical frameworks underscore the multi-dimensional
aspects of fatigue and suggest that physiological, psychological and socio-demographic factors
contribute to fatigue.

One approach to this multi-dimensional symptom has been to operationalize this complex set
of symptoms by developing and subsequently applying criteria to identify patients with
clinically important fatigue. Criteria proposed by Cella et al. 18 for defining cancer-related
fatigue could be extrapolated to develop criteria specific for ESRD-related fatigue. The criteria
for cancer-related fatigue include the presence of significant fatigue every day or nearly every
day during the same 2-week period in the past month. In addition, there is the presence of five
or more of following symptoms - generalized weakness or limb heaviness, diminished
concentration, decreased interest in engaging in usual activities, insomnia or hypersomnia,
unrefreshing sleep, perceived need to struggle to overcome inactivity, marked emotional
reactivity to feeling fatigued, difficulty completing daily tasks, perceived problems with short-
term memory and post-exertional malaise lasting several hours. 18 The use of criteria to define
clinically important fatigue would help to better understand the prevalence and predictors of
fatigue in the ESRD population.

Measurement of Fatigue

There are a number of choices when selecting a brief assessment tool for fatigue in patients
with ESRD. The most widely used instrument in the dialysis population is the vitality scale of
the SF-36. 19 20 The SF-36 vitality subscale, which consists of 4 items, is considered to be
at one end of a spectrum of fatigue. The vitality construct captures a mild reduction in energy
level but fails to capture the negative aspects of fatigue such as weakness, lack of motivation,
and difficulty with concentration. In addition to the SF-36, a number of symptom indices use
single items to measure the presence and severity of fatigue.7v 21 Fatigue scales vary in brevity,
reliability, and responsiveness to interventions, and most of them have not been validated in
the CKD population. Though, the Revised-Piper Fatigue Scale, comprised of 22 items, has
been shown to be reliable. 22: 23 The Multi-dimensional Fatigue Inventory (MFI-20) has also
been used to capture overall fatigue. 24 However, the HD population demonstrated difficulty
with comprehension of this instrument and there was poor internal-consistency reliability.

Multiple aspects of fatigue and its impact on daily life are measured by the Functional
Assessment of Chronic IlIness Therapy Fatigue (FACIT-F). In patients with cancer and
rheumatoid arthritis, the FACIT fatigue scale has shown excellent reliability and strong
association with the vitality scales of the SF-36. 26-29

While most fatigue instruments measure the overall experience of fatigue over a period of time
ranging from weeks to months, dialysis patients also experience day-to-day and diurnal
variation in fatigue. Fatigue assessments using traditional instruments may fail to capture this
variability due to recall bias. Ecological momentary assessment (EMA) provides an important
measurement tool to assess subjective fatigue repeatedly and reliably while avoiding recall
bias. EMA incorporates repeated real-time measurement of phenomena such as s%/mptoms,
behaviors, or physiological processes, as they occur in naturalistic settings. 30-32 | may be
that a real-time or experiential assessment of fatigue would provide additional information on
the experience of dialysis patients, leading to improved treatment of severe fatigue.

Contributors to Fatigue in ESRD

In the dialysis population, physiologic, behavioral, treatment-related, and individual
characteristics may be correlated with fatigue (Figure 1). Physiologic etiologies include
anemia, malnutrition, uremia, dialysis inadequacy, hyperparathyroidism, coexisting chronic
illnesses, sleep disorders, depression and side effects of medications. Dietary and fluid
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restriction may also play a role. 33 Physical inactivity has been associated with higher levels
of fatigue. 34 Socio-demographic factors including age, sex, race, educational, marital, and
vocational status may also play a role in the experience of fatigue in dialysis patients. 35,36
In a study among HD patients in Taiwan, higher levels of fatigue were reported by female,
older and unemployed patients. 35 |tisalso important to note that pro-inflammatory cytokines
have emerged as potential mediators of fatigue, providing a common biological pathway for
physiologic, behavioral, and treatment-related factors to cause fatigue in the dialysis
population.

Inflammation and Fatigue

Multiple clinical and animal studies have demonstrated a relationship between ‘sickness
behavior,” which includes a constellation of symptoms such as fatigue, and changes in pro-
inflammatory cytokines.37 ESRD is an inflammatory state characterized by elevated
circulating levels of pro-inflammatory cytokines. 38-41 Although the causes of elevated
cytokines in these patients are not fully understood, it has been suggested that ESRD patients
have overproduction of cytokines by peripheral blood mononuclear cells (PBMCs) secondary
to chronic activation by interaction with dialysis membranes. 4243, 44 Moreover, in this
complex pathological condition, the possibility of intrinsic alterations of signaling pathways
and immune defects cannot be excluded. 4° Interleukin (IL)-6, C-Reactive Protein (CRP) and
Tumor Necrosis Factor (TNF)-a have been associated with mortality, decreased muscle
strength and “vital exhaustion’ in the elderly and post-myocardial infarction patients. 46-49
Table 1 delineates a number of human studies that have linked inflammatory cytokines to
fatigue in both glng and chronic health conditions such as cancer and chronic fatigue
syndrome Interestingly, elevated levels of pro-inflammatory cytokines have been
linked to an increase in energy expenditure, mortality and lower functional status in HD
patients. 53-55 | a recent study among 30 HD patients, higher levels of IL-6 were associated
with significantly higher levels of resting energy expenditure, 54 which has been previously
associated with higher mortality in HD and peritoneal dialysis (PD) 53-57

Cytokines might contribute to fatigue by directly activating the central nervous system,
hypothalamic pituitary and adrenal axis or indirectly triggering multi-system deregulation due
to chronic inflammation. 96 For example, Interferon (IFN) produces neurasthenia, a
neurological fatigue suggestive of frontal lobe changes manifesting as lack of motivation. 57
Cytokines such as IL-1, IL-6, TNF-a suppress erythropoe5|s and have been hypothesized to
be contributing to anemia and fatigue in cancer patients. 51 Cytokines (IL-6, TNF), trigger
hyperresponsiveness of muscular ergoreceptors which sense fatigue or the work performed
by the muscle, and thus contribute to fatigue. 58 Cytokine mediated malnutrition and
hypoalbuminemia may also contribute to fatigue. Animal studies have suggested that IL-6
decreases hepatic albumin synthesis, and serum IL-6 levels have been shown to be inversely
related to albumin levels in lymphoma patients. 52 1L-6 also induces protein catabolism,
lipolysis and insulin resistance and has been shown to have a strong negative correlation with
serum albumin in patients undergoing HD.42, 59 Cytokines may also mimic leptin and target
hypothalamic neurons regulating food intake and energy expenditure resulting in decreased
appetite and hypermetabolic state. 51 |n addition to their direct effects on muscle and the
nervous system, cytokines are also associated with sleep disorders, depression, anxiety, and
physical inactivity and may mediate fatigue through these conditions.

Anemia and Fatigue

The use of ESA to correct anemia in dialysis patlents has been shown to improve HRQOL,
fatigue, exercise tolerance and work capacity. 65,66 A systematic review of the ESA therapy
in patients with renal insufficiency and cancer revealed a consistently positive relationship
between HRQOL and hematocrit levels, with the strongest effect on the energy/fatigue
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domains. 67 These findings were confirmed by a meta-analysis of the impact of epoetin alfa
in patients with chronic kidney disease. 68 More recently, two studies of pre-dialysis CKD
patients, the Correction of Hemoglobin Outcomes in Renal Insufficiency (CHOIR) study and
the Cardiovascular Risk Reduction by Early Anemia Treatment with Epoetin Beta (CREATE)
study, compared the HRQOL in patients with higher versus lower target hemoglobin levels.

+ 70 The CREATE study reported significantly improved fatigue symptoms in patients with
higher hemoglobin, whereas the CHOIR study did not reveal any significant differences
between the two groups. However, the lack of association between anemia and fatigue in recent
studies may relate to the relatively higher targeted hemoglobin levels for the control groups in
the post-erythropoietin era. 26 Although anemia, resulting from reduced erythropoietin
production, has been cited as an |mportant contributor to fatigue in both the dialysis population
and other chronic conditions, 71 the optimal hemoglobin target remains unclear and may vary
among individuals depending on the severity of fatigue.

Biochemical markers and Fatigue

While it is thought that the uremic syndrome may manifest as fatigue and weakness, the
association between fatigue and biochemical markers such as albumin, creatrnrne Kt/V, urea
reduction ratio, phosphate, calcium and fatigue has been inconsistent. 25,71, 2 Uremia may
lead to protein and energy malnutrition, nausea, and loss of appetite, which can all contribute
to fatigue. 73 However, studies have shown no srgnlflcant associations among fatigue and
biochemical variables, including serum albumin level. 25, 71 Metabolic derangements in
uremia may cause carnitine deficiency, which is required for energy generation by skeletal
muscles. 74 Intravenous L-carnitine supplementation has been shown to significantly improve
fatigue in a small randomized trial in HD patients. &

The treatment of uremia by dialysis may also influence fatigue, as the mode and frequency of
dialysis are associated with fatigue. The potential impact of dialysis modality was shown in
the Choices for Health Outcomes in Caring for ESRD (CHOICE) study comparing the HRQOL
in conventional HD and PD patients. There was no significant difference in the vitality scores
among HD and PD patients at the initiation of dlalysrs therapy; however patients on PD
experienced significantly lower vitality at one year 6 The stimuli for inflammatory response
in PD patients include fluid overload, decreased cytokine clearance, presence of uremia-
modified proteins, 7presence of chronic infections and metabolic disturbances (including
hyperglycemla) 8,2 Lastly, PD patients often suffer from nocturnal pruritus and
'difficulties finding a comfortable sleeping position, resulting in impaired sleep quality, which
contributes to daytime sleepiness and fatigue. 9 Fatigue is an important outcome for quotidian
dialysis trials since the frequency of dialysis may also affect fatigue in HD patients, with some
studies demonstrating that compared to conventional therapy, quotidian dialysis significantly
improves ercerved energy level, uremic symptoms, cognitive functioning and overall
HRQOL 0,81, 82

Post-dialysis Fatigue

Post-hemodialysis fatigue is a common, often incapacitating symptom 17,83, 84 gng may be
improved with more frequent treatment. Lindsay et. al looked at post-dialysis fatigue in 45
subjects and found a positive association between “time to recover (minutes) from HD” and
fatigue; patients with longer recovery time tended to have greater levels of fatigue. Also, the
relationship between recovery time and fatigue was strongest immediately after dialysis and
weakened progressively during the time between sessions. In this study, the time to recover
from HD also showed a significant positive association with the total dialysis stress score,
which encompasses an array of physical signs and symptoms that can arise during HD
procedure O Ultrafiltration, diffusion, osmotic disequilibrium, changes in blood pressure,
blood membrane interactions, higher levels of tumor necrosis factor and psychological factors
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like depression have all been implicated in the pathogenesis of post-dialysis fatigue. 83-85
Post-dialysis fatigue has been shown to be less prevalent in daily HD patients. Lindsay et al.
reported that daily HD patients required significantly less time to recover fully after dialysis
compared to controls (p<0.001). 85 |n another study, the minutes to recovery decreased from
397 + 395 in conventional thrice-weekly HD to 30 £ 44 in quotidian HD at 18 months of follow
ug. 87 Interestingly, longer post-dialysis fatigue has been associated with shorter survival.
83, 89 This suggests that patients with longer recovery time may have a greater degree of
underlying inflammation, which could contribute to a higher incidence of coronary artery
disease and mortality. 90 Further studies are needed to assess the impact of frequent and novel
dialysis techniques on post-dialysis fatigue.

Sleep and Fatigue

Sleep disorders have been hypothesized to be associated with fatigue through two mechanisms,
the disturbance of sleep resulting in daytime sleepiness and the separate underlying biological
pathways associated with a variety of sleep disorders. Dialysis patients have high rates of sleep
apnea, insomnia, restless legs syndrome and excessive daytime sleepiness. 91,92 Impaired
sleep initiation, maintenance, and adequacy are associated with significantly lower vitality in
both HD and PD patients. 25,79, 93 Sleep apnea has been associated with lower HRQOL in
patients on HD, and those without sleep apnea experience significantly better vitality, social
functioning and emotional and mental health. 94 Other symptoms, such as restless legs, which
are common in dialysis patients and affect sleep quality, may also impact vitality. In a study
of 894 dialysis patients, symptoms of restless legs were significantly associated with lower
physical and mental well-being, lower vitality, higher bodily pain, and lower sleep quality. 92

The relationship of sleep disorders to increased levels of inflammatory cytokines may help
explain the association of sleep disorders with fatigue in this population. In a recent stud
among 57 PD patients, higher levels of 1L-18 were associated with poor sleep quality. 64 1n
healthy people, the administration of TNF-o and IL-1p increase the amount of non-rapid eye
movement (NREM) sleep and decrease REM sleep.9 IL-6 is associated with the amount and
depth of sleep, and higher levels are associated with poor sleep. 96, 97 |_-1q and TNF-o. have
also been associated with sleep disordered breathing in dialysis patients. 98 n healthy people,
elevated levels of TNF-a and IL-6 have been associated with circadian rhythm disruption and
obstructive sleep apnea (OSA) independent of obesity. 99, 100, 96 Fyrther research is
warranted to investigate the possible shared biological mechanisms associated with sleep
disorders and fatigue.

Depression and Fatigue

Fatigue and depression are closely interrelated and depression may manifest as feelings of
tiredness and lack of energy. Depression has also been shown to correlate strongly with overall
symptom burden and severity including fatigue in dialysis patients. 7 Depression is the most
common psychiatric illness in patients with ESRD, with prevalence rates ranging from 15%
to 69%. 101-103 Depression has been found to be associated with changes in cellular and
humoral immunity including decreased T lymphocyte proliferation, NK cell activity as well
as increased production of IL-1, IL-6, and IFN-gamma. 63, 104 High levels of IL-6, IL-8 and
TNF- a have been associated with an increased prevalence of major depression in older people
and healthy women. 61, 63, 105, 106 gome anti-inflammatory drugs including infliximab
ameliorate depressive symptoms and improve HRQOL. 107 Specific to patients with ESRD,
Lee and colleagues found that treatment with antidepressants resulted in decreased levels of
IL-1 B, independent of the response to treatment. For patients who responded to treatment with
selective serotonin re-uptake inhibitors, IL-6 was found to be lower when compared to those
patients who did not respond to treatment. 108 Thys, although evidence demonstrating a causal
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association between depression and altered level of cytokines is lacking, depression may
contribute to fatigue through inflammatory pathways.

Physical Inactivity and Fatigue

Physical inactivity is associated with higher levels of fatigue in ESRD patients. 341n addition,
obesity, which has been described as a chronic inflammatory state, may also mediate alterations
in levels of certain cytokines leading to fatigue. 109 Acute exercise results in an inflammatory
response (e.g., increases in white blood cell counts, IL-1, and CRP), whereas regular exercise
has an anti-inflammatory effect and reduces the level of pro-inflammatory cytokines. 62,

1 However, the effect of phy5|cal activity on the immune system may be different in
HD patlents than in healthy adults. 112 There is also evidence that muscle catabolism is
increased in dialysis patients, which may be due to insulin re5|stance acidosis or inflammation.
This may lead to muscular fatigue and further physical inactivity. 113,114 Dialysis patients
have severe exercise limitations which have been attributed to muscle atrophy and weakness,
presence of abnormal mitochondria and impaired oxidative capacity. 115 Muscle fatigue,
defined as the reduction in force with repeated or sustained contractions can lead to
manifestations of myopathy. Contributors of excessive muscle fatigue in dialysis patients
include poor oxidative metabolism, greater accumulation of metabolic by-products, central
activation failure and impaired neuromuscular propagation.116 Endurance training has been
shown to increase muscle strength, power, peak work rate, VO(2)peak, fatigability and physical
function.117 In addition, exercise rehabilitation programs may have morghologlcal and
metabolic benefits in the skeletal muscles and improve work capacity.

Interventions to Reduce Fatigue

Due to the complexity of fatigue, a multi-disciplinary approach to treatment should be adopted
by nephrologists (Table 2). In order to address the level of fatigue, this symptom first needs to
be recognized and accurately measured by health care providers. All renal providers should
receive training on identifying and addressing the issue of fatigue. Developing improved
methods of defining and measuring fatigue, including real-time or ecological momentary
assessment, will help to identify patterns in the severity of fatigue. Because there is no widely
accepted tool for screening fatigue in the ESRD population, health care providers should
consider screening for a sense of fatigue and tiredness that has a substantial impact on patients’
functional abilities. Given the high rate of sleep disorders, practitioners should clarify if the
patient is sleepy or drowsy rather than weak and lacking in energy. If the patient reports that
fatigue leads to functional impairment, providers should actively consider common causes such
as worsening heart failure, chronic fatigue syndrome, hypothyroidism, liver disease,
depression, sleep disorders, autoimmune diseases as well as the kidney-disease related factors
outlined in this review.

A better understanding of the pathogenesis of fatigue, particularly the role of cytokines may
help in designing interventions aimed at reducing inflammation and fatigue. Management of
factors such as anemia and sleep disorders is fundamental. Treatment of depression, anxiety,
stress, substance abuse, obesity, and malnutrition may be helpful, although studies
substantiating the role of these interventions are lacking.

There is also a need for further research to test potential therapies for fatigue. Non-
pharmacological interventions targeting nutrition, sleep hygiene, stress management, and
treatment of depression may potentially decrease fatigue. Some small studies indicate that
acupressure may help to improve fatigue, depression and sleep quality in dialysis patients.
119,120 Exercise and yoga have also been studied as effective measures in improving fatigue.
117, 121 \whether this is due to the direct effect of muscle strengthening or indirect effect on
the cytokines (or both) is unknown. Energy conservation strategies, such as those used for
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multiple sclerosis patients may similarly improve fatigue in ESRD patients.122 Overall, the
bulk of evidence in the ESRD population as potential non-pharmacologic intervention consists
of small trials assessing the impact of rehabilitation, exercise and more frequent hemodialysis.

Among the pharmacological measures to improve fatigue, there is existing evidence for the
use of ESA to reduce fatigue as outlined above. 67, 68 Some small trials suggest that human
growth hormone (HGH) may improve fatigue and overall HRQOL in dialysis patients —
possible mechanisms being improvement in the nutritional status (lean body mass, albumin)
or changes in levels of certain inflammatory mediators (decrease in TNF-a level). 123, 124
Intravenous levocarnitine infusion has also been shown to effect fatigue.75 Psychostimulants
such as methylphenidate have shown significant improvement in cancer related fatigue and
may be useful in ESRD patients, although evidence supporting this is Iacking.125 Since many
patients with ESRD have been shown to have mood disorders, the physician should consider
screening for depression and implement treatment as appropriate.

Lastly, improving social support for the patient with severe fatigue is crucial and helps the
patient cope with the disabling symptoms. Fatigue and tiredness may extend to the caregiver,
who may provide support for home dialysis or the care of a child with ESRD. A recent review
and meta—ethnographf/ outlined fatigue and tiredness as major concerns of caregivers of
children with ESRD.126 Therefore, the care for patients with ESRD includes education for the
family as well as addressing fatigue issues in the caregiver.

Conclusion

Fatigue is a common and complex phenomenon that significantly decreases HRQOL among
dialysis patients. Although highly prevalent, fatigue is often an unrecognized and under-treated
symptom in the dialysis population. The lack of adequate methods for measurement, lack of
provider awareness, and the complex pathogenesis of fatigue have confounded the
development of effective interventions to treat fatigue. Thus, there is a strong need to develop
improved assessment methods and investigate the role of other contributing factors, especially
inflammatory mediators in fatigue in ESRD. A better appreciation of these may provide
potential targets for therapeutic interventions in the future. Further research is needed to
evaluate the effectiveness and impact of these interventions in the optimization of patient-
centered quality of life in the dialysis population.
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Role of cytokines and inflammation in fatigue among populations with chronic health conditions

Study Subjects Cytokines Eatigue Related Outcomes Results

Kamimura et 30HD and 11 IL-6 Resting energy expenditure IL-6 is positively associated

al. (2007) 54 controls with resting energy expenditure]
(which is positively associated
with higher mortality in HD
and PD patients 127)

Janszky et al. 235 women IL-6, hsCRP, IL-1ra Self rated health Vital Positive correlation between

(2005) 48

survivors after
acute myocardial
infarction

(IL-1 receptor
antagonist)

exhaustion Depression

IL-6 and hsCRP and vital
exhaustion and poor self rated
health

Schubert et al.
(2007) 1

Meta analysis of
18 studies (1037
subjects) on
cancer related
fatique

Multiple cytokines

Fatigue in cancer pts

Significant positive correlation|
between fatigue and IL-6,
IL-1ra and neopterin

No significant correlation with
1L-18 or TNF- o

Cesari et al.
(2004) 46

1020 elderly (> 65|
yrs) enrolled in
INCHIANTI studyj

IL-6, IL-6sR, IL-1ra,
IL-10, IL-1B, TNF- o,
CRP

Physical performance and
muscle strength

High levels of IL-6, IL-1ra,
CRP are associated with poor
physical performance and
muscle strength in older
persons

Collado-
Hidalgo et al.
(2006) 129

50 breast cancer
survivors > 2 yrs
after successful
primary therapy

IL-6, TNF- a
production following
lipopolysaccharide
stimulation, IL-1ra,
sIL-6 receptor

Fatigue in breast cancer
survivors

Increased production of IL-6,
TNF- o following
lipopolysaccharide stimulation
and higher IL-1ra and soluble
IL-6 receptor levels in fatigued
pts

Meyers et al.
(2005) 150

54 pts with AML/
MDS

IL-6, IL-1RA, IL-8and
TNF- o

Cognitive function Fatigue
Quality of life

Higher IL-6, IL-1RA and TNF-
o are associated with fatigue

Am J Kidney Dis. Author manuscript; available in PMC 2009 August 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Jhamb et al.

Table 2

Potential multi-disciplinary approaches to improving fatigue in ESRD patients

Targeted area

Interventions

Page 17

Increase health care provider
awareness

« Education of prevalence, importance and severity of fatigue

« Training at identifying symptoms of fatigue

Improve measurement of fatigue

« Development of criteria for defining fatigue

 Development of improved fatigue scales specific for this population

« Use of ecological momentary assessment for measurement of day-to-day and diurnal variation in fatigue
« Development of improved survey modalities such as telephone interview, computer-assisted interview, and

proxy administration of interviews to reduce selection bias
« Frequent screening for fatigue

Address gaps in understanding
pathogenesis of fatigue

« Role of cytokines

* Mode of dialysis
« Frequency of dialysis
» Thermoneutral hemodialysis

Test potential therapies for
fatigue in ESRD

Non-pharmacological

« Nutritional therapy

« Sleep therapy and sleep hygiene

« Exercise

« Stress management

« Cognitive-behavioral treatment of depression
« Energy Conservation

* Acupressure

« Treatment of substance abuse and dependence
Pharmacological

* Hematopoeitics

« Antidepressants

« Anxiolytics

« Levocarnitine

* Human growth hormone

Improving social support for
patients with fatigue

Am J Kidney Dis. Author manuscript; available in PMC 2009 August 1.

« Family members and care providers education and training

« Addressing caregiver fatigue



