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Abstract
Purpose—The symptom most frequently associated with sickle cell disease (SCD) is pain, but
recent research is beginning to indicate that fatigue as an increasingly important symptom of this
disease upon which to focus research efforts. This article explores biological and behavioral
factors that can potentially contribute to fatigue in SCD.

Organizing Framework—A biobehavioral framework guides this discussion of factors that
may contribute to SCD fatigue.

Findings—The pathophysiology of the disease process, such as the profound hemolytic anemia
and unpredictable vasoocclusive crises, suggests that individuals with SCD are at risk for both
acute and chronic fatigue. For example, hypoxemia can cause muscle weakness and produce
oxidative stress, which, in turn, increases fatigue. Sickled erythrocytes disrupt the vascular
endothelium and stimulate proinflammatory cytokines, which are linked to sleep disruptions. Pain,
the most notorious symptom of SCD, has a complex and mechanistically poorly understood
relationship with fatigue.

Conclusions—Little is known about the symptom of fatigue in SCD. Considering the biological
and behavioral factors of SCD that could potentially contribute to fatigue, there is a great need for
research on the nature and potential mechanisms of fatigue in SCD.

Clinical Relevance—Fatigue in SCD may negatively affect quality of life. Understanding
factors that may contribute to fatigue aids the clinician in identifying causes and determining
treatment.
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Fatigue in Sickle Cell Disease
Sickle cell disease (SCD) is a group of genetic hematologic disorders that is characterized
by chronic hemolytic anemia and vasoocclusion. This extremely challenging disease is of
global concern. The World Health Organization (2010) reported that “Each year over
300,000 babies with severe forms of these diseases are born worldwide.” In the United
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States, sickle cell anemia occurs in approximately 1 in 500 African American live births and
1 in 36,000 Hispanic American live births (National Heart, Lung, and Blood Institute, 2010).

The symptom most frequently associated with SCD is pain, which often occurs in the form
of sudden, severe episodes called “crises.” Historically and justifiably, investigators have
focused on improving sickle cell pain, either through palliation or disease remission.
However, in the literature and on patient Web sites, another common symptom of SCD is
fatigue (MedlinePlus, 2010; Redding-Lallinger & Knoll, 2006). Recent research is
beginning to indicate that fatigue as an increasingly important symptom of this disease
(Jacob, 2005; While & Mullen, 2004). In SCD, the pathophysiology of the disease process,
such as the profound hemolytic anemia and unpredictable vasoocclusive crises, indicates
that individuals with SCD may be at risk for both acute and chronic fatigue. Yet, the actual
prevalence and nature of fatigue in SCD is unknown, and the research on improving fatigue,
especially through palliative or lifestyle interventions, is virtually absent. Similarly, in
cancer symptom research, initially the focus was on pain management, but once
investigated, fatigue was recognized as a key symptom to address (Irvine, Vincent, Bubela,
Thompson, & Graydon, 1991). In fact, compared with the 7,825 articles that appeared in
PubMed in May 2010 when cancer and fatigue were entered as key words, only 21 appeared
when SCD and fatigue were entered. In this article, we will discuss the impact of SCD
fatigue and describe factors that may contribute to SCD fatigue, calling to action research in
this area. Ultimately, such factors may be found to be responsive to biobehavioral
interventions.

Impact of Fatigue
Fatigue is recognized as a major symptom of numerous chronic illnesses by the National
Institute of Health (NIH) and defined by the NIH Patient-Reported Outcomes Measurement
Information System (2010) initiative as “An overwhelming, debilitating, and sustained sense
of exhaustion that decreases one's ability to carry out daily activities, including the ability to
work effectively and to function at one's usual level in family or social roles.”

Fatigue in SCD is critical to address for a number of reasons. Over the past decade, fatigue
has come to the forefront in symptom management across numerous diseases because of its
recognized impact on quality of life and costs to society. The negative effects on quality of
life, including interference with cognitive function, social withdrawal, modified daily
activities, and decreased psychological well-being (Falk, Swedberg, Gaston-Johansson, &
Ekman, 2007; Kralik, Telford, Price, & Koch, 2005; Ream & Richardson, 1997; Smith,
Kupper, de Jonge, & Denollet, 2010), have been demonstrated in studies on such chronic
diseases as cancer, chronic fatigue syndrome, fibromyalgia, and heart disease. Societal costs
of fatigue include increased healthcare use, reduced work productivity, loss of work and
school days, and high reliance on assistance of caregivers (McCrone, Darbishire, Ridsdale,
& Seed, 2003; Scheeres, Wensing, Severens, Adang, & Bleijenberg, 2008).

The sparse literature on fatigue in SCD begins to expose the impact of this challenging
symptom on this population. Ongoing or chronic fatigue was apparent in While and
Mullen’s (2004) qualitative study of young people with SCD. The majority described being
tired, not having energy, wanting to sleep, and often being unable to carry out activities of
daily living. Fatigue-related concerns were expressed more often than pain among these
young people.

In two studies on SCD, vitality was measured with the Medical Outcomes Short Form
(SF-36). Developers of the SF-36 have defined vitality as “energy level and fatigue” (Ware
& Sherbourne, 1992). In the Pain in Sickle Cell Disease Epidemiology Study (PiSCES) with
adults in the United States, compared with national norms, men and women with SCD
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reported significantly lower levels of vitality (McClish et al., 2005). In addition, those with
SCD were significantly lower on vitality compared with patients on hemodialysis, with
cystic fibrosis, or with asthma. Similarly, in the United Kingdom vitality was significantly
lower in individuals with SCD compared with the general population (Anie, Steptoe, &
Bevan, 2002). In the SF-36, the assessment of fatigue is limited to the frequency of fatigue;
other dimensions such as severity or emotional or functional impact are not measured.
Despite measurement limitations, these findings suggest that fatigue in SCD is prevalent and
may be both acute and chronic. To begin to formulate remittive (i.e., treatment that induces
long periods of remission) and palliative treatment strategies for SCD fatigue, research is
greatly needed to identify and investigate potential contributing factors.

Biobehavioral Framework
Based on the potential contributions of both biological and behavioral factors to fatigue, we
will use a biobehavioral model of symptom management as an organizing framework for
this discussion (Figure). The focus of biobehavioral research is on the “interactions between
biological, behavioral, and social factors and their effects on outcomes” (Buerhaus, 2006, p.
210), as such is ideal for understanding fatigue in SCD. The model suggests that within the
context of a critical health experience (e.g., SCD), personal and disease-related factors, and
biological and behavioral moderators interact with biological mediators to explain
symptoms or symptom constellations, and, in turn, health outcomes (e.g., quality of life).
Specific biological and behavioral factors of SCD that can potentially lead to fatigue are
hypoxemia, inflammation, pain, stress, depression, and anxiety. Potential personal and
disease-related factors that may affect fatigue are age, sex, ethnicity, socioeconomic status,
treatments, and disease severity. Following is a more in-depth discussion of how these
factors may contribute to fatigue in SCD.

Contributing Factors to SCD Fatigue
Biological Factors

Hypoxemia—Key pathophysiological processes of SCD are hypoxemia and inflammation.
Hypoxemia has been associated with fatigue in healthy individuals and those with
pulmonary disease (Millett, Aubert, Favier, Busso, & Benoît, 2009; Vogiatzis et al., 2008).
Precursors to hypoxemia of SDC include low hemoglobin levels from hemolytic anemia
(premature destruction of sickled cells), hyperviscosity of whole blood, and decreased
oxygen affinity of sickled hemoglobin. Long-term complications of SCD, particularly
cardiopulmonary diseases, may contribute to hypoxemia as well.

Ubiquitous, sometimes profound hemolytic anemia and oxygen starvation to tissues occur in
SCD. Hemolytic anemia of SCD is associated with oxyhemoglobin desaturation (Setty,
Stuart, Dampier, Brodecki, & Allen, 2003) and is most commonly caused by acute splenic
sequestration, transient red cell aplasia, and hyperhemolysis during infection (Neonatoet al.,
2000). Anemia is generally defined as a hemoglobin < 12 g/dL in females 15 years and older
and < 13 g/dL in males 15 years and older (Lanzkowsky, 2005), yet in a cooperative study
of patients with SCD, the median hemoglobin concentration level was 9.1 (SD 1.8 g/dL)
(Sebastiani et al., 2007). In cancer, a number of investigators have found that anemia is
significantly associated with fatigue (Cella, Lai, Chang, Peterman, & Slavin, 2002; Yeh et
al., 2008). In SCD, the relationship between fatigue and anemia has not been studied.
Considering the acute and chronic state of anemia in this population, the risk for fatigue is
potentially substantial, highlighting the need to investigate relationships between and
mechanisms of anemia and fatigue in SCD.
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Individuals with SCD are also at risk for hypoxemia if their hematocrit is too high, resulting
in hyperviscosity—an elevation of whole blood viscosity. Blood flow through small vessels
is compromised when viscosity increases. Hyperviscosity can result from simple and partial
exchange transfusions that are commonly used for prevention and treatment of certain
complications of SCD, such as stroke and priapism. For individuals with SCD, a hematocrit
merely as high as 35% to 45% can result in reduced oxygen delivery (Rosse, Narla, Petz, &
Steinberg, 2000). Thus, the dilemma in SCD is that both a high and a low hemoglobin level
can cause hypoxemia.

Hypoxemia can be compounded because sickled hemoglobin (from oxyhemoglobin
desaturation) has a reduced affinity for oxygen. Abdu, Gomez-Marquez, and Aldrich (2008)
examined oxygen affinity among individuals with and without SCD and found that at
normal arterial partial pressure, oxygen affinity was normal in both groups, but affinity was
lower in those with SCD who were in hypoxic states.

Inflammation—Hypoxemia and inflammation are intricately linked. SCD has recently
been considered an inflammatory disease because of mounting evidence of the inflammatory
processes related to vascular endothelium disruption (Hebbel, Osarogiagbon, & Kaul, 2004).
Sickle hemoglobin tetramers polymerize inside the red blood cell (RBC) in the
deoxygenated state (Redding-Lallinger & Knoll, 2006). The polymer can alter both the red
cell shape and membrane properties, leading to abnormal interactions of red cells with the
vascular endothelium, resulting in vasoocclusion in small vessels (Evans & Mohandas,
1987). Stimulation and disruption of the vascular endothelium from the sickled erythrocytes
and hypoxemia causes inflammation. In addition, sickled erythrocytes and hypoxemia can
induce oxidative stress (Amer et al., 2006), which can further increase RBC adhesion to the
endothelium (Fibach & Rachmilewitz, 2008), thereby amplifying the inflammatory
response. Monocytes and leukocytes also interact with the vascular endothelium, further
stimulating the inflammatory response (Zennadi, Chien, Xu, Batchvarova, & Telen, 2008).

Certain biomarkers involved in the inflammatory response have been linked to fatigue. See
the Table for biomarkers of fatigue. The most prominent biomarkers are inflammatory
cytokines, particularly interleukin (IL)-1, IL-6, and tumor necrosis factor-α (TNF-α), which
respond to and are stimulated by activated endothelial cells. Evidence suggests that
inflammation in SCD may be both acute and chronic because these cytokines are not only
elevated during a crisis but are also elevated during steady state, that is, when there are no
manifestations of a crisis (Croizat, 1994). Further, not only does the inflammatory response
occur with hypoxia but also during reoxygenation (Kaul& Hebbel, 2000), suggesting a type
of reperfusion injury, that is, tissue damage from free radical generation that occurs when
the vascular supply is restored after a vasoocclusive event (Osarogiagbon et al., 2000).

These inflammatory cytokines, IL-1, IL-6, and TNF-α, may contribute to fatigue in several
ways. Elevated levels of both IL-1 and TNF-α have been linked to decreased muscle
strength (Visser et al., 2002) and decreased exercise capacity (Carmichael et al., 2006). With
regard to sleep, IL-6 appears to interfere with slow-wave stages of rapid eye movement
(REM) sleep (Spath-Schwalbe et al., 1998), TNF-α alters slow-wave activity, a trait of non-
rapid eye movement (NREM) sleep (Yoshida et al., 2004), and IL-1 affects hippocampal
activity, which is integral to sleep regulation (Luk et al., 1999). In addition, inflammation of
SCD appears to increase resting energy expenditure (REE; Akohoue et al., 2007), but
whether this affects an individual’s perceived energy level has not been investigated. In
summary, inflammation may contribute to fatigue because of the effects on REE, muscle
strength, and sleep architecture.
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Associated Symptoms (Pain, Stress, Depression and Anxiety)
Pain—Pain is a common and unpredictable symptom of SCD. Ubiquitous vasoocclusive
ischemia due to red cell obstruction of small vessels may produce ischemic pain in almost
any organ, muscle, or bone in persons with SCD. Pain may also come in the form of chronic
ischemic leg ulcers; avascular necrosis of the hip, knee, and shoulder; and bony necrosis of
the spine, easily recognizable as “fishmouthing” of the vertebrae on x-rays. This pain is
often severe in nature and can be challenging to control (Smith et al., 2008).

Few studies exist on the cooccurrence of pain and fatigue in SCD, and only limited
dimensions of fatigue have been assessed. In two studies with adults, investigators found
significant inverse correlations between pain and vitality (measured with the SF-36) in
adults, such that as pain intensity increased, vitality decreased (Ballas et al., 2006; McClish
et al., 2005). Children and adolescents with SCD have reported disruptions in sleep or poor
sleep during painful crises such that greater pain intensity during the day was related to poor
sleep quality the same night, and poor sleep quality correlated with greater SCD pain the
next day (Valrie, Gil, Redding-Lallinger, & Daeschner, 2007), suggesting that sleep
disruption plays a mediating role between pain and fatigue. Ostensibly, both pain and fatigue
in SCD are explainable through shared pathophysiological mechanisms that suggest an
approach to management of both. Research is needed to unravel the mechanisms between
these symptoms.

Stress—Stress, known to be associated with chronic illness, is prevalent in individuals
with SCD (Gil et al., 2004; Porter, Gil, Carson, Anthony, & Ready, 2000). Stress has been
linked to greater fatigue in both clinical and nonclinical populations, but the underlying
pathways remain unclear (Aaronson, Pallikkathayil, & Crighton, 2003; Kerr & Mattey,
2008). Consistent with the biobehavioral model, one proposed pathway is that perceived
stress stimulates the neuroendocrine system to release cortisol, which in turn stimulates the
immune system to activate cytokines, resulting in negative effects on health outcomes such
as greater fatigue. Beginning evidence to support this pathway was demonstrated in a study
of patients with rheumatoid arthritis, in which interpersonal relationship stress was
significantly correlated with increased stimulated IL-6 production (i.e., in vitro stimulation
of mononuclear cell production of IL-6) but not with plasma IL-6 levels (Davis et al., 2008).
Further, stimulated production of IL-6 was linked to higher levels of perceived fatigue.
Similar significant correlations have been found between stress and elevated levels of
proinflammatory cytokines (Hirano, Nagashima, Ogawa, & Yoshino, 2001), which have
ultimately been linked to poorer health outcomes (Zautra et al., 2004). Thus, stress has the
potential to compound the effects of those same cytokines that are activated during
inflammation on fatigue.

Depression and Anxiety—Depression and anxiety are highly comorbid conditions that
are not uncommon in chronic illness (Stevinson et al., 2009) and are strongly linked to
fatigue. In SCD, depression tends to occur at higher rates (18%–27%; Levenson et al., 2008;
Wilson et al., 1999) compared with African Americans in general (7%–8%; Riolo, Nguyen,
Greden, & King, 2005). In one study, 80% of those individuals with SCD who had
depression also had an anxiety disorder (Levenson et al.). But the nature of the relationship
between depression and fatigue is unclear, and differentiating fatigue related to depression
from physical illness symptoms can be challenging. For example, depression screening tools
such as the Center for Epidemiologic Studies Depression Scale (Radloff, 1977) assess for
some symptoms that are common to both depression and physical illness (e.g., fatigue and
poor appetite). One screening tool that may be more appropriate is the Hospital Anxiety and
Depression Scale (Zigmond & Snaith, 1983). This tool is designed to screen for depression
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in individuals with physical illnesses in that it excludes physical problems such as energy
impairments and sleep disturbances.

Fatigue and depression may share common etiologies. For example, in SCD pain may
contribute to both. In addition, evidence suggests that proinflammatory cytokines may play a
role in depression and fatigue, in particular, IL-1, IL-6, and TNF-α (Wichers & Maes, 2002).
Considering the inflammatory nature of SCD, the role of these cytokines in depression and
fatigue seem critical to explore.

Personal and Disease-Related Factors
A number of personal and disease-related factors may contribute to fatigue, including but
not limited exclusively to age, sex, ethnicity, socioeconomic status, treatments, disease
severity, time with disease, medications, long-term complications, and cumulative organ
damage. In other chronic illnesses, such as heart disease, cancer, and HIV/AIDS, findings
have been mixed regarding fatigue and the variables age, sex, ethnicity, and education
(Smith et al., 2010; Stone, Richards, A’Hern & Hardy, 2000; Voss, 2005). Little is known
about the exact relationship between fatigue and these factors in SCD, thus indicating a great
need for research.

Summary and Implications for Research
Sickled erythrocytes initiate a cascade of events that can lead to deleterious health outcomes,
one of which may be fatigue. In qualitative studies, individuals with SCD have reported that
fatigue is frequently present and interferes with daily life, but the extent of fatigue in SCD is
unknown, and causal mechanisms are not well understood. Considering the societal impact
of fatigue and its negative effects on quality of life in other chronic illnesses, the need for
research on fatigue in SCD is great. Researchers of cancer-related fatigue have demonstrated
that a systematic approach to the investigation of this symptom is necessary for
understanding this phenomenon in SCD. A first step would be to validate fatigue measures
in individuals with SCD. A number of reliable fatigue measures exist, but none have been
validated in the SCD population.

Initial steps to increase understanding of fatigue include conducting descriptive studies to
examine prevalence, severity, frequency, and interference, and conducting qualitative
studies to explore the experience of fatigue, including perceived causes and consequences,
and strategies used to manage fatigue. Studies are needed to identify key biological and
behavioral factors associated with SCD fatigue. The extent to which fatigue and other
symptoms occur in concert is unknown. Thus, once fatigue is described, there will be a need
for research to explore symptoms cooccurring with fatigue in SCD. Increasing
understanding of SCD fatigue may lead to early identification and management of this
difficult symptom.

Clinical Resources

• World Health Organization
http://www.sicklecelldisease.org/about_scd/index.phtml

• National Institute of Health
http://www.nhlbi.nih.gov/health/dci/Diseases/Sca/SCA_WhatIs.html
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Figure 1.
Biobehavioral model of sickle cell disease fatigue.
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Table

Biomarkers of Fatigue in Sickle Cell Disease

Variable Biomarker

Hypoxemia

 Deoxygenation Partial pressure of oxygen (PaO2)
 -Arterial blood gas

Arterial oxygen saturation (SaO2)
 -Pulse oximetry

 Anemia and hyperviscosity Hemoglobin

Hematocrit

Inflammation IL-1

IL-6

TNF-α

Stress Cortisol

Heart rate variability
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