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Chronic Fatigue Syndrome (CFS) is a complex, physically debilitating disorder that encompasses severe unrelenting fatigue, muscle and joint pain, flu-like symptoms such as sore throat and swollen lymph nodes, unrefreshing sleep and concentration difficulties.    It was first established as a diagnosis in 1988 by the Centers for Disease Control (CDC) which issued the first working case definition, which was later revised in 1994 to the current case definition (Bell, 1995).   Ever since it was first defined in 1988, CFS has been the subject of controversy as patients experienced debilitating and disabling symptoms but a cause has not been identified.   The search for a cause is made more difficult because the symptoms CFS patients experience overlap with many other disorders making it hard to narrow down the possibilities.  Over the past 32 years, a great deal of research has been performed into potential causes of CFS; most of these fall into five main categories: infection/viruses, immune dysfunction, endocrine dysfunction and neuropsychiatric factors and genetics (Gluckman, 2011).  
Viruses  

Viruses were one of the first theories suggested when CFS was first recognized as a distinct illness in the mid 1980s.  Following several outbreaks of CFS, the idea of a virus or infectious agent causing CFS gained popularity and many studies were performed in an attempt to identify the virus that might be responsible for causing CFS.  Over the past 30+ years, viruses studied have included the Epstein-Barr Virus, Human Herpesvirus-6, Cytomegalovirus, Parvovirus B-19, Coxsackie-B virus, Borna disease virus, and Xenotropic Murine Leukemia Virus-Related Virus (XMRV) (Natelson et al, 2002)
Epstein-Barr virus was initially thought to be a likely cause of CFS, to the extent that early in the illness, before being named Chronic Fatigue Syndrome, patients were told they had chronic Epstein-barr virus. (Natelson et al, 2002) The researchers beliefs as to why EBV was a strong contender for causing CFS were based on 3 observations:  EBV was known to lie dormant and reactivate, making it possible to cause chronic symptoms like CFS; many patients had tested positive for recent or active infection of EBV, outbreaks of CFS had occurred leading some doctors to believe a virus was a likely cause; and a number of patients reported becoming ill after a mononucleosis-type illness.  (Gluckman, 2011) However, despite multiple studies showing a substantial number of patients had evidence of recent or active EBV infection (Buchwald et al, 1992; Sairenji et al, 1995), later studies suggested EBV was not the cause of CFS (Natelson et al, 2002). One study examined 20 patients; 5 CFS patients with primary EBV infection, 5 CFS patients with acute viral infection not caused by EBV, and 10 matched controls with resolution of EBV infection.  Although CFS patients experienced increases in EBV titers, their levels did not differ from those of the control patients and the study found no evidence of ongoing or reactivated EBV in the pathogenesis of CFS.  (Cameron et al, 2010).

Another herpesvirus, human herpesvirus-6, was also the subject of numerous studies.   One study examined 259 patients with a “CFS-like” illness (study conducted prior to development of the case definition), and age and gender matched controls and found active replication of HHV6 in 70% of CFS patients versus 20% of controls. (Buchwald et al, 1992).   Seven studies employing assays that could detect active infection found a link between CFS and active HHV6, while several smaller studies were unable to replicate their findings; however 717 patients (from the 7 positive studies) were found to have evidence of HHV6 infection while only 48 patients were not found to have evidence of infection.  (Komaroff, 2006).   A more recent study examined 10 CFS patients positive for HHV6, and 10 matched controls with past HHV6 infection and found that although patients had high antibody titers at infection baseline, the levels of CFS patients did not differ significantly from controls, contradicting the earlier studies (Cameron et al, 2010)
The most recent virus connected with CFS is a retrovirus, Xenotropic Murine Leukemia Virus-Related Virus (XMRV) – previously only detected in prostate cancer patients.   The initial study, published in 2009, found evidence of XMRV in 67% of 101 CFS patients and only 3.7% of 218 healthy controls (Lombardi et al, 2009)  However, 4 follow-up studies failed to find any link between XMRV and CFS (Silverman et al, 2010) One comprehensive follow-up study examined 100 CFS patients, 200 healthy controls from the same geographic region and 14 patients who tested positive for XMRV in the initial study; this study processed, tested and analyzed the samples using the same methods as the initial study but failed to detect XMRV in any of the samples.  (Shin et al, 2011) Several studies published in the 2010 issue of Retrovirology found evidence that XMRV was the result of contamination of mouse DNA.  (Hue et al, 2010, Robinson et al, 2010).  More follow-up studies are scheduled to take place and may settle the issue of whether XMRV is a human pathogen or the result of lab contamination, and what role it plays (if any) in the etiology of CFS.
Immune Dysfunction

With evidence that CFS patients have been exposed to multiple viruses, researchers then turned to immune dysregulation as an explanation for CFS and to explain why patients test positive for multiple viruses.  Scientists hypothesized that patients had an initial infection or virus that caused their immune system to malfunction so that even after the virus or infection went away, their immune system remained hyperactive (Pollack, 2002).   Among the differences seen in CFS patients are lower than normal levels of circulating immune complexes, reduced numbers of natural killer cells, depressed natural killer cell function, altered levels of immunoglobulins, elevated titers of antiviral antibodies, lower levels of autoantibodies, decreased mitogen responses, decreased cell-mediated immunity, enhanced interferon activity, increased levels of interleukin-2, and altered CD4/CD8 ratios. (Bell, 1995)   One study of 147 CFS patients found a reduced CD8 suppressor cell population and increased activation markers (CD38, HLA-DR) on CD8 cells, not present in 80 healthy controls or 43 patients with other diseases (Landay et al, 1991) Another study of 259 CFS patients found higher CD4/CD8 T-cell ratios compared to healthy controls (Buchwald et al, 1992) A study of 30 CFS patients meeting CDC criteria and 86 healthy controls found all CFS patients to have multiple immune abnormalities, the most consistent of which was low natural killer cell cytotoxicity.  Patients had elevated numbers of natural killer cells but diminished function, as well as increases in the percentage of suppressor-cytotoxic T lymphocytes, CD8, and proportionally larger increase in the number of CD8 cells expressing class II activation marker.  The authors stated the pattern of immune abnormalities suggested CFS was an acquired immune deficiency. (Klimas et al, 1990)  However other studies have failed to replicate these findings.  A case control study of 26 CFS patients and age matched controls examined immune function and found no differences in white blood cell numbers, immune complexes, complement or serum immunoglobulin levels, delayed type hypersensitivity, and allergic responses, natural killer cell function and proliferative responses to mitogens and antigens.  However when assessing the CFS patients based on onset (gradual versus sudden), subtle immunologic differences were seen (Mawle et al, 1997).  The conflicting findings suggest while there may be some immune dysfunction, it may be a result of the disorder and not have a causal role. 

Endocrine and Metabolic Dysfunction

Endocrine and metabolic abnormalities are another area which has held interest for many CFS researchers; adrenal insufficiency shares a number of symptoms with CFS including fatigue, muscle pain, flu-like symptoms, sleep abnormalities, headaches, and memory problems).   These similarities have led researchers to investigate the hypothalamic-pituitary-adrenal (HPA) axis of CFS patients.   (Papanicolaou, 2009).  Part of the interest in categorizing the endocrine and metabolic abnormalities of CFS was to use those findings to help differentiate CFS from depression, which has characteristic endocrine findings.  Patients with depression have been shown to have central up-regulation of the HPA axis resulting in mild hypercortisolism while CFS patients have been found to have down-regulation of the HPA axis yielding hypocortisolism.   (Demitrack et al, 1991).  An additional study supported these findings, it examined urinary free cortisol (UFC) excretion in 21 patients with CFS, 10 patients with major depression and 15 healthy controls.  The study found that patients with depression had UFC levels significantly higher than healthy controls, and CFS patients had UFC excretion rates significantly lower than the controls.  Additionally, 5 of the CFS patients had comorbid depression but that subgroup retained the UFC excretion profile of the patients with CFS alone leading the authors to suggest a different pathophysiological basis for depressive symptoms in CFS  (Scott et al, 1998).  Researchers have shown CFS patients had subnormal adrenal response to different doses of ACTH indicating chronic HPA axis underactivity (Demitrack et al, 1991) A later study supported those findings by demonstrating patients with CFS had small adrenal glands compared to healthy controls using computed axial tomography. (Scott et al, 1998).  These findings led researchers to hypothesize that the chronic hypocortisolism could lead to increased production of inflammatory cytokines and tested that hypothesis by administering corticotropin-releasing hormone (CRH) and checking to see if plasma levels of interleukin-6, an inflammatory cytokine, increased; this study was performed on healthy adults.  The study found that CRH administration led to elevated levels of circulating IL-6 in healthy volunteers. A study was performed to determine whether administration of low-dose hydrocortisone would improve symptoms in CFS patients, and found that only 30% of patients experienced mild improvement. (Cleare, 2003).  While there is clearly evidence of endocrine dysfunction in CFS patients, conflicting studies show the need for more research; newer studies are taking a multipronged approach by examining the relationship between the immune system, HPA axis, and stress (Van Houdenhove et al, 2009).
Neuropsychiatric Factors

One of the largest category of studies is that of neuropsychiatric factors, encompassing psychiatric factors, autonomic nervous system abnormalities, and sleep disturbances.   When CFS was first recognized, many physicians suggested the disorder was psychiatric in origin due to the lack of objective test findings, and the overlap of CFS symptoms with those of depression (fatigue, memory loss, sleep difficulties).    One study examined 87 patients with severe CFS, and found after psychiatric testing that 33 had a psychiatric illness that began with or after the onset of their CFS.   They compared the degree of anger, depression and anxiety in depressive patients and patients with CFS and with MS, and found the CFS and MS patients had fewer problems than those with depression.   Depression scores in CFS patients were compared with those of MS patients and patients with depression; and the CFS patients resembled MS patients in that they experienced less self-reproach but experienced more somatic symptoms than depressed patients. (Johnson et al, 1996)   A meta-analysis of 244 studies examined medically unexplained physical symptoms, anxiety and depression in patients with irritable bowel syndrome, nonulcer dyspepsia, fibromyalgia and chronic fatigue syndrome, and found that depression and anxiety were more severe and occurred at a higher prevalence in patients with chronic fatigue syndrome compared to healthy controls or patients with similar medical diseases of known organic pathology.   However the study did not differentiate between secondary depression, or depression that occurred after the onset of CFS, and primary depression that occurred prior to the onset of CFS.  (Henningsen et al, 2003).  Other studies have examined the difference between depression and CFS; one study compared 53 CFS patients with 20 depressed patients and 38 healthy controls on perceptions of their health, illness attributions, self-esteem, cognitive distortions of general and somatic events, symptoms of distress and coping.   The study determined CFS patients could be differentiated from depressed patients because depressed patients attitudes were dominated by a negative view of the self while CFS patients were primarily concerned about their poor health.  The authors concluded that the results of their study supported evidence that argued against CFS being a version of depression.  (Moss-Morris et al, 2001).   In addition, studies comparing the HPA axis findings of CFS patients with patients with major depression show a significant difference; depressed patients have up-regulation of the HPA axis while CFS patients have down-regulation of the HPA axis. (Komaroff et al, 1998)

Studies have also examined autonomic nervous system abnormalities in CFS.  Patients with CFS often complain of dizziness, particularly following changes in posture.  Orthostatic intolerance is defined as the development of symptoms (dizziness, fatigue) and a drop in blood pressure during upright positions, relieved by changing to a reclining position. (Stewart, 2002)    One study suggested a link between neurally mediated hypotension (also referred to as orthostatic intolerance) and CFS.  Neurally mediated hypotension  In this study 23 subjects with CFS underwent tilt table testing and 22 were found to have an abnormal test (compared to 4 out of 14 unmatched controls).  The patients who tested positive were treated with fludrocortisones, atenolol or disopyramide, and most reported at least partial resolution of symptoms (Rowe et al, 1998). However, this study and other initial studies were not placebo-controlled, blinded or randomized.  A later study of 21 pairs of monozygotic twins, in which one twin had CFS and the other did not have it, found abnormal tilt table tests to occur at the same rate in both twins (19% of abnormal tilt tests in those with CFS and 19% in those without CFS).   (Poole et al, 2000)


Unrefreshing sleep is part of the case definition of CFS, therefore some researchers have suggested sleep disturbance as a possible cause of CFS.  One study evaluated polysomnograms of CFS patients with and without fibromyalgia, to determine if patients had increased rates of sleep-disturbed breathing; or if feelings of unrefreshing sleep were associated with differences in sleep architecture.  The study found CFS patients had significant differences in polysomnographic findings from healthy controls and felt sleepier and experienced more fatigue after a night’s sleep than controls.   CFS patients also had less total sleep time, lower sleep efficiency, and less rapid eye movement sleep than controls.   These findings were not attributable to any diagnosable sleep disorders nor to coexisting fibromyalgia.   (Togo et al, 2008). While sleep abnormalities have been demonstrated in CFS patients, it is not known whether they play a causal role or are secondary to the disorder. 
The Role of Genetics

Genetic studies have also been performed; many patients have reported having one or more family members with the disease causing physicians to question whether there is a genetic role in the development of CFS.  One study examined 146 pairs of female twins where one twin had chronic fatigue lasting greater than 6 months and found a concordance rate higher in monozygotic twins (55% versus 19% for dizygotic twins).  (Buchwald et al, 2001) Another study was performed investigating the possibility of a heritable predisposition to CFS; the analysis of familial clustering of CFS in a computerized genealogical resource found evidence of significantly elevated risks for CFS among first, second and third degree relatives of CFS patients.   The authors stated that the results supported a genetic predisposition to CFS (Albright et al, 2011) However, the mechanism of inheritance was not examined.  A recent study looked at patients with CFS and unexplained fatigue; this study found that CFS patients have different levels of expression of genes with roles in the HPA axis and sympathetic nervous system; these resulted in differences in how the body responded to hormones and other chemical messengers released in response to various stressors (Smith et al, 2006).  

Concluding Remarks


With conflicting reports for most findings, it seems unlikely that any of the studies have pinpointed the cause.  Subjective reports from patients have indicated that patients have become ill following a variety of triggers; ranging from infection/viruses to surgery to car accidents (Bell, 1995).   It seems most likely that the cause of CFS is multi-factorial, incorporating a genetic predisposition that can be triggered by a virus or infection, a car accident or other stressful event, that may lead to immune dysregulation and endocrine abnormalities in the HPA axis. (Shor, 2003)  Future studies focusing on the new field of psychoneuroimmunology may help explain the interrelationship between these areas and result in a better understanding of the pathophysiology of CFS and lead to the discovery of more effective treatments for CFS patients.
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