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Abstract

This is a comprehensive literature review of chronic fatigue syndrome (CFS). We provide a description of the background, etiology,
pathogenesis, diagnosis, and management regarding CFS. CFS is a multifaceted illness that has many symptoms and a wide array
of clinical presentations. As of recent, CFS has been merged with myalgic encephalomyelitis (ME). Much of the difficulty in its man-
agement has stemmed from a lack of a concrete understanding of its etiology and pathogenesis. There is a potential association
between dysfunction of the autoimmune, neuroendocrine, or autonomic nervous systems and the development of CFS. Possible
triggering events, such as infections followed by an immune dysregulation resulting have also been proposed. In fact, ME/CFS was
first described following Epstein Barr virus (EBV) infections, but it was later determined that it was not always preceded by EBV infec-
tion. Patient diagnosed with CFS have shown a noticeably earlier activation of anaerobic metabolism as a source of energy, which is
suggestive of impaired oxygen consumption. The differential diagnoses range from tick-borne illnesses to psychiatric disorders to
thyroid gland dysfunction. Given the many overlapping symptoms of CFS with other illnesses makes diagnosing it far from an easy
task. The Centers for Disease Control and Prevention (CDC) considers it a diagnosing of exclusion, stating that self-reported fatigue
for at minimum of six months and four of the following symptoms are necessary for a proper diagnosis: memory problems, sore
throat, post-exertion malaise, tender cervical or axillary lymph nodes, myalgia, multi-joint pain, headaches, and troubled sleep. In
turn, management of CFS is just as difficult. Treatment ranges from conservative, such as cognitive behavioral therapy (CBT) and an-
tidepressants, to minimally invasive management. Minimally invasive management involving ranscutaneous electrical acupoint
stimulation of target points has demonstrated significant improvement in fatigue and associated symptoms in a 2017 randomized
controlled study. The understanding of CFS is evolving before us as we continue to learn more about it. As further reliable studies are
conducted, providing a better grasp of what the syndrome encompasses, we will be able to improve our diagnosis and management
of it.
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1. Context

Chronic fatigue syndrome (CFS) is a multifaceted ill-
ness with a wide array of symptoms, potential etiologi-
cal causes and prognoses. Similarly, naming of the con-
dition has proven to be equally as complex with multiple

accepted alternatives such as myalgic encephalomyelitis
(ME), chronic fatigue immune disorder syndrome (CFIDS)
and systemic exertion intolerance disease (SEID) (1).

CFS alone tends to oversimplify the complexity of the
disease and undermine the constellation of symptoms ex-
perienced by patients. Thus, more recent merging of CFS
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and ME, also known as ME/CFS has been described to better
encompass the complexity of the disease and its neuroin-
flammatory components (2). Individual criteria for CFS
and ME share overlapping symptoms of fatigue, neurocog-
nitive dysfunction, disturbed sleep and autonomic dys-
function. In contrast, a required infective agent is unique
to ME and is a major criteria component. However, this
is considered a minor symptom/optional criteria for joint
ME/CFS and further proves the merged term to be more
encompassing than either CFS or ME alone (3). At the
core of ME/CFS is a persistent and disabling fatigue that re-
sults in a significant reduction in activity for greater than
six months. Furthermore, worsening of symptoms after
mild physical and/or mental exertion is a key feature of
ME/CFS and referred to as post-exertional malaise (4). Unre-
freshing sleep, cognitive dysfunction including attention
or concentration difficulties as well as orthostatic intoler-
ance are further findings common to ME/CFS patients (1).

In addition to potential trivialization of the disease,
the term chronic fatigue syndrome (CFS) complicates its
distinction from idiopathic chronic fatigue (ICF). Fatigue
is a common complaint and can be idiopathic or a symp-
tomatic component of various illnesses. An individual’s
perception of fatigue is subjective and can be perceived dif-
ferently in relation to not only physical stress, but also psy-
chological and social stress (5). For the same reason that de-
tection and quantification of fatigue is difficult, finding an
accurate diagnostic test for ME/CFS has been complicated,
as well. Despite seemingly similar features, there are clin-
ical distinctions between experiencing fatigue (ICF) and
suffering from chronic fatigue syndrome (ME/CFS). Accord-
ing to the Institute of Medicine Diagnostic Criteria, ME/CFS
requires the presence of one or more of the following: cog-
nitive impairment and/or orthostatic intolerance (6). In
contrast, little to none of these symptoms are reported in
ICF (2). This suggests that CFS is likely of different etiology
with additional clinical features and not simply located on
the upper spectrum of general fatigue or ICF.

Research into ME/CFS etiology and potential treatment
management is important due to its ability to extend be-
yond the effects on a patient’s body. ME/CFS takes a toll on
social, family and work life of the individuals affected. A
study of middle school-aged students with ME/CFS were re-
ported to have characteristic symptoms such as irritabil-
ity and being afraid to go to school (7). Extending into
adulthood, individuals report economic difficulties due to
the loss or inability to attain manageable employment (5).
Without more discussion and acceptance in medical re-
search and practice, further misconception, unawareness
and misdiagnoses will persist. The goal of this paper is
to advocate for better awareness, discussion and provide
an up-to-date review on ME/CFS. The evolving history of

ME/CFS and the lack of a universally accepted name, crite-
ria, and etiology fuels an already present hesitancy to make
the diagnosis. Awareness of the controversial and some-
what subjective definition of ME/CFS and its diagnostic cri-
teria is important in allowing physicians to appreciate the
complexity of the disease and its wide array of presenta-
tions.

2. Epidemiology

ME/CFS has long left researchers not only question-
ing its etiological origin, but also the best approach to
diagnoses and management. Whilst the cause of CFS re-
mains unknown, popular hypotheses include infectious
triggers, microbiome disruption, immune response dys-
regulation, endocrine abnormalities and intracellular dys-
function such as in the mitochondria (8). However, these
various hypotheses hold the common belief that the onset
of dysfunction leading to ME/CFS occurs in an already ge-
netically susceptible population (6). It is possible that all of
these hypotheses play a role in the etiology of ME/CFS and
perhaps there are further subsets of ME/CFS that have yet
to be described.

2.1. Gender & Age Risks

Research into sex and age-specific incidence rates has
demonstrated two distinct age peaks of ME/CFS. The first
peak incidence occurs in the age group 10- to 19-year-olds,
and the second in the 30- to 39-year-olds (9). Separate stud-
ies of men and those of women demonstrated these two
peaks in incidence. However, the pattern was described as
more distinct in women, while the second peak was less
pronounced in men (9). Similar to many disorders of im-
mune dysregulation, women appear to be more affected
than men and represent the majority of the ME/CFS re-
search participants. A study compared gender differences
in ME/CFS and despite the smaller male sample size, gen-
der differences were reported. Data showed the age of on-
set to be younger in males in comparison to females and
was often triggered by an infectious process (10). Males
also reported less muscle, immunological and neuroveg-
etative symptoms, as well as a better overall quality-of-life
in regard to pain and physical functioning. Despite certain
differences, both sexes reported similar symptoms of un-
refreshing sleep, a core manifestation of ME/CFS (10). Due
to the small sample size and overall small male population
with ME/CFS, it is difficult to accurately determine whether
females are truly more at risk of ME/CFS or whether the dis-
ease manifests differently in males, and therefore goes un-
described.
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2.2. Infectious Triggers & Immune Dysregulation

Infectious triggering of a chronic inflammatory re-
sponse has long been a hypothesized risk factor for the
development of ME/CFS due to the large number of indi-
viduals with a history of infection prior to the onset of
symptoms. In fact, ME/CFS was first described in refer-
ence to a post-Epstein Barr fatigue (11). However, infec-
tion prior to its onset is not true of all ME/CFS patients,
thus its etiological significance remains uncertain. Infec-
tious triggers are suggested to contribute to development
of ME/CFS through disruption of not only the immune re-
sponse, but also mitochondrial functioning and other cel-
lular processes (12). A wide range of microorganisms have
been described in relation to CFS with varying mechanisms
of pathogenesis. However, a shared ability to establish per-
sistent infections and often be detected in healthy individ-
uals provides further clues on ME/CFS etiology (12, 13). For
this reason, the risk of ME/CFS is likely more so related to
the presence of an underlying genetic predisposition that
upon infection, allows for a dysregulated response and im-
paired clearance, suggesting ME/CFS etiology is more likely
a result of the host’s dysregulated immune response rather
than the infection itself (6). Individuals with inflammatory
bowel disease (IBD) have been shown to be at increased
risk of ME/CFS compared to the general population (14).
The specific pathogenesis of IBD remains uncertain; how-
ever, the theorized abnormal immune response to intesti-
nal flora mirrors the dysregulation seen in ME/CFS. With
this, research has placed focus on regulation abnormali-
ties in pathways of the immune response. However, a re-
cent systematic review of research regarding circulating
cytokines in ME/CFS has highlighted inconclusive results
among studies. Inconsistent and contradictory data sug-
gest circulating cytokine levels may be more so indicative
of coexisting inflammatory processes rather than ME/CFS
itself (15). Perhaps dysfunction at the level of the immune
cells themselves should be further researched as an alter-
native. Reduced natural killer (NK) cell function and cy-
totoxicity has been demonstrated to play a role in the im-
mune dysregulation aspect of ME/CFS. NK cells play an
important role in contributing to the elimination of in-
fected cells, cytokine production, and immune activation
(16). Cellular processes crucial to NK cell cytotoxicity and
immune function rely on regulation of intracellular cal-
cium through transient receptor potential (TRP) channels.
While TRP channels can be found on many different tissues
of the body, the melastatin-3 subfamily (TRPM3) is specifi-
cally expressed on NK and B lymphocytes (16). Compared
to healthy controls, ME/CFS immune NK and B cells were
found to have reduced expression of TRPM3, and therefore
reduced calcium influx (17). TRPM3 gene associated single
nucleotide polymorphism SNPs have also been reported in

ME/CFS patients compared to controls (18). These findings
demonstrate impaired immune NK cell cytotoxicity due
to reduced surface receptor expression and its role in im-
mune dysregulation. Furthermore, suggesting a genetic
variation predisposing individuals to impaired clearance
and increased risk of dysregulation in response to stres-
sors.

2.3. Altered Energy Metabolism

Lipid and energy metabolism dysfunction are also
thought to contribute to the etiology of ME/CFS. With
exercise, ME/CFS patients have shown early activation of
anaerobic metabolic pathways, suggesting impaired oxy-
gen consumption (19). A recent study induced a ME/CFS-
like fatigue in mice through repeated forced swimming.
When compared to control groups, swim induced fatigue
mice were found to have a decrease in pyruvate dehydroge-
nase (PDH) enzyme activity, a crucial enzyme for oxidative
metabolism. PDH is responsible for converting pyruvate
into acetyl-CoA under standard aerobic conditions. In con-
trast, under anaerobic conditions, PDH activity and, there-
fore linking of glycolysis to the Krebs cycle and oxidative
phosphorylation is inhibited. This impairment leads to the
accumulation of pyruvate and shunting towards anaero-
bic metabolism with an increased production of lactate
(20). Impaired activity of essential metabolic enzymes
such as PDH has been suggested to increase the risk for
development of ME/CFS. Early conversion to less efficient
anaerobic metabolism may also explain the characteristic
post-exertional malaise reported in ME/CFS. Disruption in
host intracellular function is another method infectious
triggers can contribute in the development of ME/CFS.
Viruses such as Epstein-Barr virus (EBV) can decrease mi-
tochondrial DNA replication through direct protein inter-
actions and promote the replication of viral DNA replica-
tion. While other viruses, such as HHV-6B and CMV influ-
ence mitochondrial functioning by increasing oxidative
damage (12). Dysfunction in mitochondrial function and
increased reactive oxygen species damage similarly con-
tribute to symptoms of post-exertional malaise in ME/CFS.

2.4. Differential Diagnosis

Diagnosis of ME/CFS is difficult not only due to lack
of diagnostic testing, but also due variability in its pre-
sentation and shared clinical symptoms with many condi-
tions. Common differential diagnoses include Lyme dis-
ease and other tick-borne illnesses, psychiatric disorders,
including depression, thyroid and adrenal gland dysfunc-
tion, various sleep disorders and other autoimmune dis-
eases (19). Further complicating diagnosis is comorbid dis-
eases which are common in ME/CFS and often co-exist with
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overlapping symptoms. Many comorbid diseases have
been reported, a few of which include mood disorders, ir-
ritable bowel syndrome, headaches, chronic pain, hyper-
mobility and autonomic dysfunction (8). Fibromyalgia is
another relatively common comorbid condition and was
once thought to be a part of a shared spectrum of dis-
ease with ME/CFS. However, studies comparing CFS only
patients to comorbid CFS and fibromyalgia patients, have
demonstrated a distinct difference between the two condi-
tions. Comparisons of patterns of sleep architecture show
that patients with comorbid CFS and fibromyalgia expe-
rience additional symptoms of sleep disturbance that are
not experienced in CFS only patients (4). Major depressive
disorder (MDD) is another differential of psychiatric ori-
gin, which may present very similarly to ME/CFS. It is easy to
understand how one could be mistaken for the other due
to not only shared symptoms, but also shared risk factors
and comorbidities (5). In fact, at one time ME/CFS itself was
thought to be a psychosomatic illness and an atypical form
of MDD. High rates of depression are seen in ME/CFS; how-
ever, it is not seen in all ME/CFS patients. Thus categoriza-
tion as a purely psychiatric illness was dismissed in 2015 by
the Institute of Medicine (IOM) (21). Whether high rates of
depression are a result of one disorder affecting the other
or simply due to a shared etiological pathway remains con-
troversial. Nevertheless, recent research has shown that
despite being closely interrelated ME/CFS and MDD are dis-
tinct disorders and should be clinically treated as such (22).
Distinguishing between ME/CFS and other comorbid con-
ditions is important for the best approach to management
in order to address all underlying causes. Due to the vast
variation in clinical presentation of CFS and lack of diag-
nostic test, the ability to recognize common comorbidities
may be the only indication of potential disease presence it-
self.

3. Pathogenesis

The cause of CFS is unknown and likely multifactorial.
Some questioned whether CFS is psychological in origin
given its symptomatology and lack of diagnostic testing
(23). However, there is a growing body of evidence support-
ing the role of dysfunction in immune, neuro-endocrine,
and autonomic systems (23-25). Several biologically based
theories are currently being pursued. It has been hypoth-
esized that circulating cytokines may contribute to symp-
toms of CFS (26, 27). However, support for this notion is in-
consistent and needs to be further explored (26, 27). Ob-
struction of the lymphatic system may produce low grade
inflammation in the central nervous system (CNS) pre-
cipitating symptoms of CFS (23). Hypothalamic-pituitary-
adrenal axis impairment may contribute to symptoms of

fatigue and low mood (28). Alterations in methylation pat-
terns have also been implicated as a potential mechanism
in the susceptibility to or development of CFS (29).

3.1. Clinical Presentation and Implications

The clinical presentation of CFS is heterogeneous with
the most common symptoms being mental and physical
fatigue, cognitive dysfunction, and mood disturbances.
Cognitive dysfunction has been subjectively reported and
objectively measured in experiments (30, 31). Orthostatic
hypotension is also common and may be debilitating (32).
CFS may share similarities in presentation with idiopathic
intracranial hypertension, and given that these are both
diagnoses of exclusion affecting a similar patient popu-
lation, it has been postulated that they may be related
(33). Consequently, there is a need to develop objective
measures rather than reliance on subjective reporting of
symptoms (34). Understanding the pathogenesis of CFS is
important in making accurate diagnoses and improving
treatment and management. Children and adolescents
with CFS have higher rates of school absenteeism, result-
ing in missed educational opportunities as well as valuable
psychosocial experiences (35). Given the trend of recent
data pointing towards a biological basis of CFS, novel treat-
ments will likely be similarly directed (36).

4. Diagnosis

Diagnosis of CFS is difficult due to a lack of exposure
in medical training resulting in missed diagnoses, vari-
ability in clinical diagnostic criteria, and fatigue being a
common complaint in approximately twenty-five percent
of primary care visits (1). CFS is a diagnosis of exclusion
where it is important to rule out active diseases that share
similar symptoms (1). Common presenting medical symp-
toms include pathological fatigue, malaise after exertion,
muscle weakness, cramps, defective stress tolerance, sleep
disturbances, autonomic dysfunction, pain, and neuroen-
docrine abnormalities (6). Diagnosing CFS is further com-
plicated due to symptoms overlap with mental conditions
such as anxiety and depression, which can become more
intense with duration of time (5). Guidelines for diag-
nosing CFS vary across countries with differences includ-
ing application of diagnosing criteria, excluding criteria,
symptom treatment and management (7).

4.1. Clinical Criteria

Presence of disabling fatigue for a minimum duration
of 6 months in adults and 3 months in children and ado-
lescents that affects both physical and mental function-
ing is an important indicator in diagnosis (1, 4) The Cen-
ters for Disease Control and Prevention established that
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after discounting any other links for chronic fatigue, self-
reported fatigue for at least 6 months and four of the
following symptoms are necessary for proper diagnosis:
memory problems, sore throat, post-exertion malaise, ten-
der cervical or axillary lymph nodes, myalgia, multi-joint
pain, headaches, and troubled sleep (4). The heterogene-
ity of the disease symptoms underlies personalized pa-
tient treatments with differences in fatigue severity and
physical and mental disorders guiding patient-centered
approaches (8).

4.2. Biomarkers and Immune Pathways

Using machine learning and innovative procedures,
researchers can combine biomarkers and clinical pheno-
types to examine the underlying mechanism of action for
a more accurate diagnosis (3). Although there are no estab-
lished biomarkers of disease, CFS is observed to have ac-
tivated immune pathways involving inflammation, intra-
cellular signaling, nfkb pathways, autoimmune responses,
oxidative stress pathways, decreased level of antioxidants,
mitochondrial function impairment, increased systemic
and cerebral lactate production, Gram-negative bacte-
ria translocation causing gut dysbacteriosis, decreased B-
acetyl aspartate metabolism, and atrophy of gray matter
(37). Comparing blood samples from patients with CFS
against healthy controls, new diagnostic biomarkers can
be developed for objective monitoring of immune, en-
docrine, and metabolic dysfunction (9). Due to the promi-
nent role of immune-inflammatory pathways in pathogen-
esis of CFS, normal cytokine levels of TNF-α, Interferons (in-
terferon gamma), Interleukins (IL-6 and IL-1), TGF-β, CSF cy-
tokines and aberrant expression of these agents can poten-
tially guide detection and diagnosis of CFS (38).

4.3. Myalgic Encephalomyelitis

An international panel of physicians adapted a newly
accepted diagnostic criteria claiming the 6-month time
frame was unnecessary and preferred the name myalgic
encephalomyelitis (ME) to associate the widespread in-
flammation and multisystemic neuropathology of the dis-
ease (36). A patient needed to meet the criteria for post-
exertional neuroimmune exhaustion, one of three neu-
rological impairment categories, one of three gastroin-
testinal impairment categories, and one symptom min-
imum of metabolic/transport impairments to be diag-
nosed with ME (36). Chronic Fatigue syndrome and myal-
gic encephalomyelitis being separate and independent di-
agnoses is controversial (39).

5. Treatment and Management

5.1. Conservative Management

At present, treatment of chronic fatigue syndrome
(CFS) is directed at symptom management rather than
curative intent. Therefore, treatment should be tailored
to patient needs given the heterogeneity of symptoms in
this patient population (40-42). Topics to be discussed
when planning appropriate treatment include sleeping
patterns, level of physical activity, and psychological symp-
toms (42). Treatments may be designed with respect to
the biopsychosocial model and address all aspects which
may precipitate, predispose, and perpetuate illness (42,
43). Possible treatments to be discussed in the manage-
ment of CFS may be broadly categorized into the follow-
ing groups: behavioral therapy, pharmacological therapy,
complementary or alternative medicine, and dietary rec-
ommendations.

Current recommendations for treatment of CFS in-
clude cognitive behavioral therapy (CBT) and graded ex-
ercise therapy (GET). CBT challenges patients’ thoughts
and provides coping strategies with the intent to reduce
stress and prevent exacerbation of symptoms (44). The ef-
ficacy of CBT via telemedicine is currently being explored
and may expand accessibility and cost effectiveness of care
(45). CBT may provide short term benefit but has not
been associated with remission of symptoms (46). GET has
been demonstrated to reduce fatigue and improve physi-
cal functioning through conditioning exercises of varying
intensity (44, 47). Moderate exercise has been shown to
decrease fatigue as well as improve sleep quality, physical
function and view of health (48). Some have expressed frus-
tration with the dominance of CBT and GET in literature re-
garding the treatment of CFS as it undermines the results
of alternative treatments and may indirectly blame the pa-
tient for symptoms (43, 49). Additionally, this recommen-
dation is often rejected by CFS patients due to feelings of
being unheard or dismissed (50). Adaptive pacing therapy
(APT), characterized by the avoidance of known triggers of
fatigue and daily activity goals, has demonstrated inconsis-
tent results in terms of symptomatic improvement (39, 51).
Additionally, research is being conducted to assess the ef-
fect of individualized relaxation techniques, mindfulness,
and heart rate variability on sleep quality and functioning
in CFS (52).

Pharmacological treatment with antidepressants may
seem intuitive given frequent comorbid psychological
symptoms such as anxiety and depression, but its efficacy
in CFS remains unclear (53). Likewise, given the associ-
ation between CFS and viral illness, antiviral treatments
have been suggested (53). Patients with known history
of Epstein-Barr virus (EBV) showed improvement when
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treated with valacyclovir but not acyclovir (53). Immune
modulating agents have also been proposed as therapy
given the association with CFS and immune dysfunction
(53). These agents have been directed at various immune
markers and shown inconsistent results (53). Addition-
ally, management with stimulants, melatonin and acetyl-
cholinesterase inhibitors have been inadequate (51).

The use of alternative medicine has been explored in
patients with CFS due to lack of effective symptom control
with traditional Western medicine. Traditional acupunc-
ture techniques have been shown to be effective in re-
ducing symptoms of fatigue (54, 55). Additionally, tra-
ditional acupuncture techniques have demonstrated de-
creased levels of stress and depressive symptoms (54). Jin’s
three-needle acupuncture technique (JTN) is currently be-
ing studied in the treatment of CFS as it has been previ-
ously used to promote wellness and treat depression (56).
JTN varies from traditional acupuncture techniques in that
it is more deliberate in the selection of acupoints (56).
Qigong, a form of exercise with a concurrent emphasis on
breath-work and meditation, has been shown to reduce
symptoms of mental and physical fatigue as well as de-
pression (57). Additionally, traditional Japanese medicine
(shosaikoto-based treatment) has been reported to pro-
vide effective treatment of CFS in a pediatric patient (58).
However, the efficacy of alternative medicine in CFS should
be further explored as study design oftentimes could be
improved (59).

Several dietary recommendations have been proposed
in the management of CFS. Probiotic treatment has shown
decreased gastrointestinal symptoms, levels of inflamma-
tory markers, and anxiety but failed to alter levels of de-
pression (60) However, these studies are limited and fur-
ther research is needed to determine efficacy (60). Other
hypotheses include supplementation with a variety of sub-
stances such as selenium, vitamin B12, NADH, coenzyme
Q and folic acid (39, 61, 62). It is difficult to draw conclu-
sions on the effectiveness of introducing dietary modifica-
tions in the management of CFS due to frequent poor study
design and inconsistent findings (61). More information
needs to be acquired on the pathogenesis of CFS before be-
ing able to make definitive dietary recommendations (61).
Healthy diet and supplementation may be advised in the
setting of inflammation and malabsorption (39).

The treatment of CFS is complex and requires frequent
dialogue between physicians, patients, and other practi-
tioners to be optimized to patient needs. Self-management
interventions, requiring patient education and frequent
self-assessment, may be effective in reducing fatigue (63).
Further research is needed, particularly in the pediatric
population, to make adequate treatment recommenda-
tions (64). Given the variety of treatment options, it ap-

pears that a personalized, multidisciplinary approach of-
fers the greatest potential for effective symptom manage-
ment and the possibility of remission.

6. Medical Management of CFS

Although there is no curative therapy for CFS, certain
management options are available to reduce the severity
of symptoms the patient experiences. Medical manage-
ment is patient-dependent and targeted to balance rest
and activity, which vary greatly depending on the patient’s
age, medical history, and background (19). Sleep, pro-
fessional counseling, exercise, medications, supplements,
and cognitive behavioral therapy have all proven to help
treat patients with persistent CFS (39).

6.1. Pharmacological Treatment and Supplements

Pharmacological treatments have been shown to de-
crease rates of common CFS symptoms such as chronic fa-
tigue, depression, and anxiety, while improving quality of
life and physical performance variables (maximal oxygen
consumption, anaerobic threshold, load time to failure)
(65). Proper supplementation of nutrients such as Vita-
min B12, Folic Acid, Supradyn (multivitamin) , NADH+ coen-
zyme Q, and D-ribose are safe treatment options (61). Re-
placing deficient lipid content and using antioxidant ther-
apy have shown efficacy in patients who present with mod-
erate to severe CFS symptoms (61).

The monoclonal antibody Rituximab, which is used
for autoimmune diseases such as rheumatoid arthritis,
showed no difference in comparison of effectiveness to
controls when examining fatigue and functional status in
CFS patients (66). Rintatolimod, a double stranded RNA
compound, operates as an activating ligand for Toll-Like
Receptor 3 in the innate immune system and provides re-
lief of symptoms in 30 - 40% of CFS/ME patients (67). Urits
et al. describe the importance of understanding what
the cause of the fatigue, such as hypomagnesemia so that
it may be treated appropriately with magnesium supple-
mentation (68).

6.2. Non-pharmacological Treatment

An analysis of many studies involving the treatment
of CFS showed that cognitive behavioral therapy and
graded exercise were effective palliative treatments of CFS
(40). Referrals to specialists should take place within six
months for those with mild symptoms, within three to
four months for more moderate symptoms, and immedi-
ately for those who present with severe cases. The guide-
lines emphasize a holistic, patient-centered approach that
takes into account physical, mental, and social well-being
(69).
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6.3. Minimally Invasive Treatment

Although noninvasive therapy has shown to be effec-
tive, minimally invasive management of CFS has been lim-
ited (70-72). A randomized controlled study concluded
that transcutaneous electrical acupoint stimulation of tar-
get points produced a significant improvement of fatigue
and associated symptoms (73). Dexmedetomidine has
been used as an adjuvant in many regional and neurax-
ial pain management techniques, and it may have a ben-
eficial role in treatment of CFS associated with chronic
pain (74). Tully et al. describes the benefits of using li-
docaine infusion for treatment of chronic pain, and given
that chronic pain may be present in CFS, this too can be
a promising multimodal approach to managing CFS (75).
Studies have shown that neuromodulation (Dorsal Root
Stimalation and Pulsed Radiofrequenscy) has been effec-
tive in various chronic pain syndromes, some of which
may be associated (72, 76).

6.4. Difficulties of Treatment

Due to the varied presentation of symptoms, CFS is dif-
ficult to diagnosis and manage for both patients and physi-
cians (43). Patients’ commonly reported difficulties in di-
agnosis and treatment of CFS include getting a correct di-
agnosis, accessing medical professionals, receiving emo-
tional support, disapproving of the medical care received,
being skeptical of behavioral and physical therapy, and de-
veloping psychological problems (43). The biopsychoso-
cial approach to treating patients has been labeled narrow
and inadequate due to it not taking the patient’s narrative
into account (19). The biomedical approach is preferred
by most patients and focuses on each patient’s experience
of their illness (19). The best management of CFS stems
from a healthy physician-patient relationship to find effec-
tive treatment plans to maximize quality of life (19). As de-
scribed by Khan and Imani, management of such chronic
syndromes often requires a balance between the provider
and the patient that must consider the biopsychosocial as-
pect of the illness (77).

7. Conclusions

CFS is a debilitating syndrome that significantly affects
the daily lives of those afflicted. Its clinical presentation
can vary from patient to patient, making a prompt diagno-
sis and its management a difficult task. Groups of men and
women affected by CFS have shown two peaks of its inci-
dence based on the age group, though women have shown
to have a more distinct second peak than men. Many po-
tential etiologies for the syndrome are being considered,

ranging from autoimmune, neuroendocrine, and auto-
nomic system dysfunction. Aside from the different clin-
ical presentations of the syndrome, the fact that fatigue
is a very subjective symptom makes the diagnosis even
more difficult. And thus far, much of the medical man-
agement has focused on alleviated the symptoms rather
than tackling the syndrome itself. This is partly due to
the currently limited understanding of the cause of the
syndrome. Given its association to psychiatric comorbidi-
ties, such as depression and anxiety, patients have been
treated with antidepressants and CBT. The potential in-
fectious trigger of EBV has also led to treatment with an-
tivirals, such as valacyclovir. Many other forms of treat-
ment, including approaching the syndrome with alterna-
tive medicine has been utilized and shown in some stud-
ies to be efficacious. Further reliable clinical trials are es-
sential to furthering our understanding of this syndrome.
This will provide opportunities in its timely diagnosis and
effective management.

Footnotes

Authors’ Contribution: Study concept and design: NN,
IU, AD, LR, VK; Analysis and interpretation of data: EMC,
ADK, FI, MN, GV, OV, FI; Drafting of the manuscript: NN, IU,
AD, LR, VK, EMC; Critical revision of the manuscript for im-
portant intellectual content: NN, IU, AD, LR, VK, EMC, ADK,
FI, MN, GV, OV; Statistical analysis: NN, IU, AD, LR, VK, EMC.

Conflict of Interests: The authors have no conflicts of in-
terest to disclose.

Funding/Support: No external funding source was used
for the generation of this publication.

References

1. Unger ER, Lin JS, Brimmer DJ, Lapp CW, Komaroff AL, Nath A, et al. Cdc
grand rounds: Chronic fatigue syndrome - advancing research and
clinical education. MMWR Morb Mortal Wkly Rep. 2016;65(50-51):1434–
8. doi: 10.15585/mmwr.mm655051a4. [PubMed: 28033311].

2. Son CG. Differential diagnosis between "chronic fatigue" and
"chronic fatigue syndrome". Integr Med Res. 2019;8(2):89–91. doi:
10.1016/j.imr.2019.04.005. [PubMed: 31193269]. [PubMed Central:
PMC6522773].

3. Lim EJ, Son CG. Review of case definitions for myalgic en-
cephalomyelitis/chronic fatigue syndrome (ME/CFS). J Transl Med.
2020;18(1):289. doi: 10.1186/s12967-020-02455-0. [PubMed: 32727489].
[PubMed Central: PMC7391812].

4. Natelson BH. Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
and Fibromyalgia: Definitions, Similarities, and Differences. Clin
Ther. 2019;41(4):612–8. doi: 10.1016/j.clinthera.2018.12.016. [PubMed:
30795933]. [PubMed Central: PMC6589349].

5. Larkin D, Martin CR. The interface between chronic fatigue syn-
drome and depression: A psychobiological and neurophysi-
ological conundrum. Neurophysiol Clin. 2017;47(2):123–9. doi:
10.1016/j.neucli.2017.01.012. [PubMed: 28314518].

Anesth Pain Med. 2021; 11(3):e113629. 7

http://dx.doi.org/10.15585/mmwr.mm655051a4
http://www.ncbi.nlm.nih.gov/pubmed/28033311
http://dx.doi.org/10.1016/j.imr.2019.04.005
http://www.ncbi.nlm.nih.gov/pubmed/31193269
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6522773
http://dx.doi.org/10.1186/s12967-020-02455-0
http://www.ncbi.nlm.nih.gov/pubmed/32727489
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391812
http://dx.doi.org/10.1016/j.clinthera.2018.12.016
http://www.ncbi.nlm.nih.gov/pubmed/30795933
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6589349
http://dx.doi.org/10.1016/j.neucli.2017.01.012
http://www.ncbi.nlm.nih.gov/pubmed/28314518


Noor N et al.

6. Larrimore C, Ramnot A, Jaghab A, Sarduy S, Guerrero G, Troccoli P,
et al. Understanding myalgic encephalomyelitis/chronic fatigue syn-
drome and the emerging osteopathic approach: A narrative review.
J Am Osteopath Assoc. 2019;119(7):446–55. doi: 10.7556/jaoa.2019.081.
[PubMed: 31233110].

7. Shi J, Shen J, Xie J, Zhi J, Xu Y. Chronic fatigue syndrome in Chi-
nese middle-school students. Medicine (Baltimore). 2018;97(4). e9716.
doi: 10.1097/MD.0000000000009716. [PubMed: 29369204]. [PubMed
Central: PMC5794388].

8. Gregorowski A, Simpson J, Segal TY. Child and adolescent chronic fa-
tigue syndrome/myalgic encephalomyelitis: where are we now? Curr
Opin Pediatr. 2019;31(4):462–8. doi: 10.1097/MOP.0000000000000777.
[PubMed: 31045885].

9. Bakken IJ, Tveito K, Gunnes N, Ghaderi S, Stoltenberg C, Trogstad
L, et al. Two age peaks in the incidence of chronic fatigue syn-
drome/myalgic encephalomyelitis: a population-based reg-
istry study from Norway 2008-2012. BMC Med. 2014;12:167. doi:
10.1186/s12916-014-0167-5. [PubMed: 25274261]. [PubMed Central:
PMC4189623].

10. Faro M, Sàez-Francás N, Castro-Marrero J, Aliste L, Fernández de
Sevilla T, Alegre J. Gender differences in chronic fatigue syn-
drome. Reumatología Clínica (English Edition). 2016;12(2):72–7. doi:
10.1016/j.reumae.2015.05.009.

11. Moylan S, Eyre HA, Berk M. Chronic fatigue syndrome: what is it and
how to treat? Lancet Psychiatry. 2015;2(12):1044–5. doi: 10.1016/s2215-
0366(15)00475-7.

12. Rasa S, Nora-Krukle Z, Henning N, Eliassen E, Shikova E, Har-
rer T, et al. Chronic viral infections in myalgic encephalomyeli-
tis/chronic fatigue syndrome (ME/CFS). J Transl Med. 2018;16(1):268.
doi: 10.1186/s12967-018-1644-y. [PubMed: 30285773]. [PubMed Central:
PMC6167797].

13. Melenotte C, Drancourt M, Gorvel JP, Mege JL, Raoult D. Post-bacterial
infection chronic fatigue syndrome is not a latent infection. Med Mal
Infect. 2019;49(2):140–9. doi: 10.1016/j.medmal.2019.01.006. [PubMed:
30722945].

14. Tsai SY, Chen HJ, Lio CF, Kuo CF, Kao AC, Wang WS, et al. Increased
risk of chronic fatigue syndrome in patients with inflammatory
bowel disease: a population-based retrospective cohort study. J Transl
Med. 2019;17(1):55. doi: 10.1186/s12967-019-1797-3. [PubMed: 30795765].
[PubMed Central: PMC6387539].

15. Corbitt M, Eaton-Fitch N, Staines D, Cabanas H, Marshall-Gradisnik
S. A systematic review of cytokines in chronic fatigue syn-
drome/myalgic encephalomyelitis/systemic exertion intolerance
disease (CFS/ME/SEID). BMC Neurol. 2019;19(1):207. doi: 10.1186/s12883-
019-1433-0. [PubMed: 31445522]. [PubMed Central: PMC6708220].

16. Cabanas H, Muraki K, Balinas C, Eaton-Fitch N, Staines D, Marshall-
Gradisnik S. Validation of impaired Transient Receptor Potential
Melastatin 3 ion channel activity in natural killer cells from Chronic
Fatigue Syndrome/ Myalgic Encephalomyelitis patients. Mol Med.
2019;25(1):14. doi: 10.1186/s10020-019-0083-4. [PubMed: 31014226].
[PubMed Central: PMC6480905].

17. Nguyen T, Staines D, Nilius B, Smith P, Marshall-Gradisnik S. Novel
identification and characterisation of Transient receptor potential
melastatin 3 ion channels on Natural Killer cells and B lymphocytes:
effects on cell signalling in Chronic fatigue syndrome/Myalgic en-
cephalomyelitis patients. Biol Res. 2016;49(1):27. doi: 10.1186/s40659-
016-0087-2. [PubMed: 27245705]. [PubMed Central: PMC4888729].

18. Cabanas H, Muraki K, Eaton N, Balinas C, Staines D, Marshall-Gradisnik
S. Loss of transient receptor potential melastatin 3 ion channel func-
tion in natural killer cells from chronic fatigue syndrome/myalgic en-
cephalomyelitis patients. Mol Med. 2018;24(1):44. doi: 10.1186/s10020-
018-0046-1. [PubMed: 30134818]. [PubMed Central: PMC6092868].

19. Rowe PC, Underhill RA, Friedman KJ, Gurwitt A, Medow MS, Schwartz
MS, et al. Myalgic Encephalomyelitis/Chronic fatigue syndrome di-
agnosis and management in young people: A primer. Front Pediatr.
2017;5:121. doi: 10.3389/fped.2017.00121. [PubMed: 28674681]. [PubMed

Central: PMC5474682].
20. Ohba T, Domoto S, Tanaka M, Nakamura S, Shimazawa M, Hara H.

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome Induced by
Repeated Forced Swimming in Mice. Biol Pharm Bull. 2019;42(7):1140–5.
doi: 10.1248/bpb.b19-00009. [PubMed: 31257290].

21. Wadman M. For chronic fatigue syndrome, a ’shifting tide’ at NIH. Sci-
ence. 2016;354(6313):691–2. doi: 10.1126/science.354.6313.691. [PubMed:
27846583].

22. Christley Y, Duffy T, Everall IP, Martin CR. The neuropsychiatric and
neuropsychological features of chronic fatigue syndrome: revisiting
the enigma. Curr Psychiatry Rep. 2013;15(4):353. doi: 10.1007/s11920-013-
0353-8. [PubMed: 23440559].

23. Wostyn P, De Deyn PP. The putative glymphatic signature of chronic
fatigue syndrome: A new view on the disease pathogenesis and ther-
apy. Med Hypotheses. 2018;118:142–5. doi: 10.1016/j.mehy.2018.07.007.
[PubMed: 30037603].

24. Sotzny F, Blanco J, Capelli E, Castro-Marrero J, Steiner S, Murovska
M, et al. Myalgic Encephalomyelitis/Chronic Fatigue Syndrome - Evi-
dence for an autoimmune disease. Autoimmun Rev. 2018;17(6):601–9.
doi: 10.1016/j.autrev.2018.01.009. [PubMed: 29635081].

25. Wirth K, Scheibenbogen C. A unifying hypothesis of the patho-
physiology of myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS): Recognitions from the finding of autoantibodies against
ss2-adrenergic receptors. Autoimmun Rev. 2020;19(6):102527. doi:
10.1016/j.autrev.2020.102527. [PubMed: 32247028].

26. Blundell S, Ray KK, Buckland M, White PD. Chronic fatigue syndrome
and circulating cytokines: A systematic review. Brain Behav Immun.
2015;50:186–95. doi: 10.1016/j.bbi.2015.07.004. [PubMed: 26148446].

27. Russell A, Hepgul N, Nikkheslat N, Borsini A, Zajkowska Z,
Moll N, et al. Persistent fatigue induced by interferon-alpha:
a novel, inflammation-based, proxy model of chronic fatigue
syndrome. Psychoneuroendocrinology. 2019;100:276–85. doi:
10.1016/j.psyneuen.2018.11.032. [PubMed: 30567628]. [PubMed Cen-
tral: PMC6350004].

28. Cambras T, Castro-Marrero J, Zaragoza MC, Diez-Noguera A, Alegre
J. Circadian rhythm abnormalities and autonomic dysfunction in
patients with Chronic Fatigue Syndrome/Myalgic Encephalomyeli-
tis. PLoS One. 2018;13(6). e0198106. doi: 10.1371/journal.pone.0198106.
[PubMed: 29874259]. [PubMed Central: PMC5991397].

29. Trivedi MS, Oltra E, Sarria L, Rose N, Beljanski V, Fletcher MA, et al. Iden-
tification of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome-
associated DNA methylation patterns. PLoS One. 2018;13(7). e0201066.
doi: 10.1371/journal.pone.0201066. [PubMed: 30036399]. [PubMed
Central: PMC6056050].

30. Cvejic E, Birch RC, Vollmer-Conna U. Cognitive dysfunction in chronic
fatigue syndrome: A review of recent evidence. Curr Rheumatol Rep.
2016;18(5):24. doi: 10.1007/s11926-016-0577-9. [PubMed: 27032787].

31. Barnden LR, Shan ZY, Staines DR, Marshall-Gradisnik S, Finegan
K, Ireland T, et al. Intra brainstem connectivity is impaired in
chronic fatigue syndrome. Neuroimage Clin. 2019;24:102045. doi:
10.1016/j.nicl.2019.102045. [PubMed: 31671321]. [PubMed Central:
PMC6835065].

32. Garner R, Baraniuk JN. Orthostatic intolerance in chronic fatigue
syndrome. J Transl Med. 2019;17(1):185. doi: 10.1186/s12967-019-1935-y.
[PubMed: 31159884]. [PubMed Central: PMC6547462].

33. Higgins JNP, Pickard JD, Lever AML. Chronic fatigue syndrome and id-
iopathic intracranial hypertension: Different manifestations of the
same disorder of intracranial pressure? Med Hypotheses. 2017;105:6–
9. doi: 10.1016/j.mehy.2017.06.014. [PubMed: 28735654].

34. Eyskens JB, Illegems J, De Nil L, Nijs J, Kampen JK, Moorkens G.
Assessing chronic fatigue syndrome: Self-reported physical func-
tioning and correlations with physical testing. J Bodyw Mov Ther.
2019;23(3):598–603. doi: 10.1016/j.jbmt.2019.03.006. [PubMed:
31563377].

35. Tollit M, Politis J, Knight S. Measuring school functioning in students

8 Anesth Pain Med. 2021; 11(3):e113629.

http://dx.doi.org/10.7556/jaoa.2019.081
http://www.ncbi.nlm.nih.gov/pubmed/31233110
http://dx.doi.org/10.1097/MD.0000000000009716
http://www.ncbi.nlm.nih.gov/pubmed/29369204
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5794388
http://dx.doi.org/10.1097/MOP.0000000000000777
http://www.ncbi.nlm.nih.gov/pubmed/31045885
http://dx.doi.org/10.1186/s12916-014-0167-5
http://www.ncbi.nlm.nih.gov/pubmed/25274261
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4189623
http://dx.doi.org/10.1016/j.reumae.2015.05.009
http://dx.doi.org/10.1016/s2215-0366(15)00475-7
http://dx.doi.org/10.1016/s2215-0366(15)00475-7
http://dx.doi.org/10.1186/s12967-018-1644-y
http://www.ncbi.nlm.nih.gov/pubmed/30285773
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6167797
http://dx.doi.org/10.1016/j.medmal.2019.01.006
http://www.ncbi.nlm.nih.gov/pubmed/30722945
http://dx.doi.org/10.1186/s12967-019-1797-3
http://www.ncbi.nlm.nih.gov/pubmed/30795765
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6387539
http://dx.doi.org/10.1186/s12883-019-1433-0
http://dx.doi.org/10.1186/s12883-019-1433-0
http://www.ncbi.nlm.nih.gov/pubmed/31445522
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6708220
http://dx.doi.org/10.1186/s10020-019-0083-4
http://www.ncbi.nlm.nih.gov/pubmed/31014226
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6480905
http://dx.doi.org/10.1186/s40659-016-0087-2
http://dx.doi.org/10.1186/s40659-016-0087-2
http://www.ncbi.nlm.nih.gov/pubmed/27245705
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4888729
http://dx.doi.org/10.1186/s10020-018-0046-1
http://dx.doi.org/10.1186/s10020-018-0046-1
http://www.ncbi.nlm.nih.gov/pubmed/30134818
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6092868
http://dx.doi.org/10.3389/fped.2017.00121
http://www.ncbi.nlm.nih.gov/pubmed/28674681
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474682
http://dx.doi.org/10.1248/bpb.b19-00009
http://www.ncbi.nlm.nih.gov/pubmed/31257290
http://dx.doi.org/10.1126/science.354.6313.691
http://www.ncbi.nlm.nih.gov/pubmed/27846583
http://dx.doi.org/10.1007/s11920-013-0353-8
http://dx.doi.org/10.1007/s11920-013-0353-8
http://www.ncbi.nlm.nih.gov/pubmed/23440559
http://dx.doi.org/10.1016/j.mehy.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/30037603
http://dx.doi.org/10.1016/j.autrev.2018.01.009
http://www.ncbi.nlm.nih.gov/pubmed/29635081
http://dx.doi.org/10.1016/j.autrev.2020.102527
http://www.ncbi.nlm.nih.gov/pubmed/32247028
http://dx.doi.org/10.1016/j.bbi.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/26148446
http://dx.doi.org/10.1016/j.psyneuen.2018.11.032
http://www.ncbi.nlm.nih.gov/pubmed/30567628
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6350004
http://dx.doi.org/10.1371/journal.pone.0198106
http://www.ncbi.nlm.nih.gov/pubmed/29874259
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991397
http://dx.doi.org/10.1371/journal.pone.0201066
http://www.ncbi.nlm.nih.gov/pubmed/30036399
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6056050
http://dx.doi.org/10.1007/s11926-016-0577-9
http://www.ncbi.nlm.nih.gov/pubmed/27032787
http://dx.doi.org/10.1016/j.nicl.2019.102045
http://www.ncbi.nlm.nih.gov/pubmed/31671321
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6835065
http://dx.doi.org/10.1186/s12967-019-1935-y
http://www.ncbi.nlm.nih.gov/pubmed/31159884
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6547462
http://dx.doi.org/10.1016/j.mehy.2017.06.014
http://www.ncbi.nlm.nih.gov/pubmed/28735654
http://dx.doi.org/10.1016/j.jbmt.2019.03.006
http://www.ncbi.nlm.nih.gov/pubmed/31563377


Noor N et al.

with chronic fatigue syndrome: A systematic review. J Sch Health.
2018;88(1):74–89. doi: 10.1111/josh.12580. [PubMed: 29224219].

36. Monro JA, Puri BK. A molecular neurobiological approach to un-
derstanding the aetiology of chronic fatigue syndrome (myal-
gic encephalomyelitis or systemic exertion intolerance disease)
with treatment implications. Mol Neurobiol. 2018;55(9):7377–88. doi:
10.1007/s12035-018-0928-9. [PubMed: 29411266]. [PubMed Central:
PMC6096969].

37. Maes M, Rodriguez LA, Morris G. Is a diagnostic blood test for
chronic fatigue syndrome on the horizon? Expert Rev Mol Di-
agn. 2019;19(12):1049–51. doi: 10.1080/14737159.2020.1681976. [PubMed:
31617771].

38. Yang T, Yang Y, Wang D, Li C, Qu Y, Guo J, et al. The clinical value
of cytokines in chronic fatigue syndrome. J Transl Med. 2019;17(1):213.
doi: 10.1186/s12967-019-1948-6. [PubMed: 31253154]. [PubMed Central:
PMC6599310].

39. Castro-Marrero J, Saez-Francas N, Santillo D, Alegre J. Treatment and
management of chronic fatigue syndrome/myalgic encephalomyeli-
tis: all roads lead to Rome. Br J Pharmacol. 2017;174(5):345–69.
doi: 10.1111/bph.13702. [PubMed: 28052319]. [PubMed Central:
PMC5301046].

40. Avellaneda Fernandez A, Perez Martin A, Izquierdo Martinez M, Ar-
ruti Bustillo M, Barbado Hernandez FJ, de la Cruz Labrado J, et al.
Chronic fatigue syndrome: aetiology, diagnosis and treatment. BMC
Psychiatry. 2009;9 Suppl 1. S1. doi: 10.1186/1471-244X-9-S1-S1. [PubMed:
19857242]. [PubMed Central: PMC2766938].

41. Van Houdenhove B, Luyten P. Customizing treatment of chronic
fatigue syndrome and fibromyalgia: the role of perpetuating fac-
tors. Psychosomatics. 2008;49(6):470–7. doi: 10.1176/appi.psy.49.6.470.
[PubMed: 19122123].

42. Demitrack MA. Chronic fatigue syndrome and fibromyalgia. Psychiatr
Clin North Am. 1998;21(3):671–92. doi: 10.1016/s0193-953x(05)70031-9.

43. Geraghty KJ, Blease C. Myalgic encephalomyelitis/chronic fatigue syn-
drome and the biopsychosocial model: a review of patient harm and
distress in the medical encounter. Disabil Rehabil. 2019;41(25):3092–
102. doi: 10.1080/09638288.2018.1481149. [PubMed: 29929450].

44. Fernie BA, Murphy G, Wells A, Nikcevic AV, Spada MM. Treatment
outcome and metacognitive change in CBT and GET for chronic
fatigue syndrome. Behav Cogn Psychother. 2016;44(4):397–409. doi:
10.1017/S135246581500017X. [PubMed: 25895437].

45. Baos S, Brigden A, Anderson E, Hollingworth W, Price S, Mills N, et
al. Investigating the effectiveness and cost-effectiveness of FITNET-
NHS (Fatigue In Teenagers on the interNET in the NHS) compared to
Activity Management to treat paediatric chronic fatigue syndrome
(CFS)/myalgic encephalomyelitis (ME): protocol for a randomised
controlled trial. Trials. 2018;19(1):136. doi: 10.1186/s13063-018-2500-3.
[PubMed: 29471861]. [PubMed Central: PMC5824604].

46. Geraghty KJ, Blease C. Cognitive behavioural therapy in the treat-
ment of chronic fatigue syndrome: A narrative review on effi-
cacy and informed consent. J Health Psychol. 2018;23(1):127–38. doi:
10.1177/1359105316667798. [PubMed: 27634687].

47. Saunders RH. Graded exercise self-help for chronic fatigue syn-
drome in GETSET. Lancet. 2018;391(10126):1160–1. doi: 10.1016/s0140-
6736(18)30620-2.

48. Dannaway J, New CC, New CH, Maher CG. Exercise therapy is a ben-
eficial intervention for chronic fatigue syndrome (PEDro synthesis).
Br J Sports Med. 2018;52(8):542–3. doi: 10.1136/bjsports-2017-098407.
[PubMed: 28982730].

49. Goudsmit E, Howes S. Bias, misleading information and lack of re-
spect for alternative views have distorted perceptions of myalgic en-
cephalomyelitis/chronic fatigue syndrome and its treatment. J Health
Psychol. 2017;22(9):1159–67. doi: 10.1177/1359105317707216. [PubMed:
28805527].

50. Sharpe M, Greco M. Chronic fatigue syndrome and an illness-focused
approach to care: controversy, morality and paradox. Med Hu-
manit. 2019;45(2):183–7. doi: 10.1136/medhum-2018-011598. [PubMed:

31213482]. [PubMed Central: PMC6699605].
51. Bourke J. Fibromyalgia and chronic fatigue syndrome: management

issues. Adv Psychosom Med. 2015;34:78–91. doi: 10.1159/000369087.
[PubMed: 25832515].

52. Macnamara CL, Cvejic E, Parker GB, Lloyd AR, Lee G, Beilharz JE,
et al. Personalised relaxation practice to improve sleep and func-
tioning in patients with chronic fatigue syndrome and depression:
study protocol for a randomised controlled trial. Trials. 2018;19(1):371.
doi: 10.1186/s13063-018-2763-8. [PubMed: 29996933]. [PubMed Central:
PMC6042263].

53. Van Houdenhove B, Pae CU, Luyten P. Chronic fatigue syndrome:
is there a role for non-antidepressant pharmacotherapy? Expert
Opin Pharmacother. 2010;11(2):215–23. doi: 10.1517/14656560903487744.
[PubMed: 20088743].

54. Kim JE, Seo BK, Choi JB, Kim HJ, Kim TH, Lee MH, et al. Acupuncture
for chronic fatigue syndrome and idiopathic chronic fatigue: a mul-
ticenter, nonblinded, randomized controlled trial. Trials. 2015;16:314.
doi: 10.1186/s13063-015-0857-0. [PubMed: 26211002]. [PubMed Central:
PMC4515016].

55. Zhang Q, Gong J, Dong H, Xu S, Wang W, Huang G. Acupuncture for
chronic fatigue syndrome: a systematic review and meta-analysis.
Acupunct Med. 2019;37(4):211–22. doi: 10.1136/acupmed-2017-011582.
[PubMed: 31204859].

56. Lin W, Chen XL, Chen Q, Wen J, Chen X. Jin’s three-needle acupunc-
ture technique for chronic fatigue syndrome: a study protocol for
a multicentre, randomized, controlled trial. Trials. 2019;20(1):155.
doi: 10.1186/s13063-019-3243-5. [PubMed: 30832713]. [PubMed Central:
PMC6399952].

57. Chan JSM, Ng SM, Yuen LP, Chan CLW. Qigong exercise for
chronic fatigue syndrome. Int Rev Neurobiol. 2019;147:121–53. doi:
10.1016/bs.irn.2019.08.002. [PubMed: 31607352].

58. Numata T, Miura K, Akaishi T, Arita R, Ishizawa K, Saito N, et al.
Successful treatment of myalgic encephalomyelitis/chronic fa-
tigue syndrome with chronic febricula using the traditional
Japanese medicine shosaikoto. Intern Med. 2020;59(2):297–300.
doi: 10.2169/internalmedicine.3218-19. [PubMed: 31534083]. [PubMed
Central: PMC7008048].

59. Alraek T, Lee MS, Choi TY, Cao H, Liu J. Complementary and alternative
medicine for patients with chronic fatigue syndrome: a systematic
review. BMC Complement Altern Med. 2011;11:87. doi: 10.1186/1472-6882-
11-87. [PubMed: 21982120]. [PubMed Central: PMC3201900].

60. Roman P, Carrillo-Trabalon F, Sanchez-Labraca N, Canadas F, Estevez
AF, Cardona D. Are probiotic treatments useful on fibromyalgia syn-
drome or chronic fatigue syndrome patients? A systematic review.
Benef Microbes. 2018;9(4):603–11. doi: 10.3920/BM2017.0125. [PubMed:
29695180].

61. Bjorklund G, Dadar M, Pen JJ, Chirumbolo S, Aaseth J. Chronic fa-
tigue syndrome (CFS): Suggestions for a nutritional treatment in the
therapeutic approach. Biomed Pharmacother. 2019;109:1000–7. doi:
10.1016/j.biopha.2018.10.076. [PubMed: 30551349].

62. Craig T, Kakumanu S. Chronic fatigue syndrome: evaluation
and treatment. Am Fam Physician. 2002;65(6):1083–90. [PubMed:
11925084].

63. Friedberg F, Napoli A, Coronel J, Adamowicz J, Seva V, Caikauskaite
I, et al. Chronic fatigue self-management in primary care:
a randomized trial. Psychosom Med. 2013;75(7):650–7. doi:
10.1097/PSY.0b013e31829dbed4. [PubMed: 23922399]. [PubMed
Central: PMC3785003].

64. Collard SS, Murphy J. Management of chronic fatigue syn-
drome/myalgic encephalomyelitis in a pediatric population:
A scoping review. J Child Health Care. 2020;24(3):411–31. doi:
10.1177/1367493519864747. [PubMed: 31379194]. [PubMed Central:
PMC7863118].

65. Glazachev OS, Dudnik capital Ie C, Zagaynaya EE. [Pharmaco-
logical treatment of patients with chronic fatigue syndrome].

Anesth Pain Med. 2021; 11(3):e113629. 9

http://dx.doi.org/10.1111/josh.12580
http://www.ncbi.nlm.nih.gov/pubmed/29224219
http://dx.doi.org/10.1007/s12035-018-0928-9
http://www.ncbi.nlm.nih.gov/pubmed/29411266
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6096969
http://dx.doi.org/10.1080/14737159.2020.1681976
http://www.ncbi.nlm.nih.gov/pubmed/31617771
http://dx.doi.org/10.1186/s12967-019-1948-6
http://www.ncbi.nlm.nih.gov/pubmed/31253154
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6599310
http://dx.doi.org/10.1111/bph.13702
http://www.ncbi.nlm.nih.gov/pubmed/28052319
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5301046
http://dx.doi.org/10.1186/1471-244X-9-S1-S1
http://www.ncbi.nlm.nih.gov/pubmed/19857242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2766938
http://dx.doi.org/10.1176/appi.psy.49.6.470
http://www.ncbi.nlm.nih.gov/pubmed/19122123
http://dx.doi.org/10.1016/s0193-953x(05)70031-9
http://dx.doi.org/10.1080/09638288.2018.1481149
http://www.ncbi.nlm.nih.gov/pubmed/29929450
http://dx.doi.org/10.1017/S135246581500017X
http://www.ncbi.nlm.nih.gov/pubmed/25895437
http://dx.doi.org/10.1186/s13063-018-2500-3
http://www.ncbi.nlm.nih.gov/pubmed/29471861
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5824604
http://dx.doi.org/10.1177/1359105316667798
http://www.ncbi.nlm.nih.gov/pubmed/27634687
http://dx.doi.org/10.1016/s0140-6736(18)30620-2
http://dx.doi.org/10.1016/s0140-6736(18)30620-2
http://dx.doi.org/10.1136/bjsports-2017-098407
http://www.ncbi.nlm.nih.gov/pubmed/28982730
http://dx.doi.org/10.1177/1359105317707216
http://www.ncbi.nlm.nih.gov/pubmed/28805527
http://dx.doi.org/10.1136/medhum-2018-011598
http://www.ncbi.nlm.nih.gov/pubmed/31213482
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6699605
http://dx.doi.org/10.1159/000369087
http://www.ncbi.nlm.nih.gov/pubmed/25832515
http://dx.doi.org/10.1186/s13063-018-2763-8
http://www.ncbi.nlm.nih.gov/pubmed/29996933
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6042263
http://dx.doi.org/10.1517/14656560903487744
http://www.ncbi.nlm.nih.gov/pubmed/20088743
http://dx.doi.org/10.1186/s13063-015-0857-0
http://www.ncbi.nlm.nih.gov/pubmed/26211002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515016
http://dx.doi.org/10.1136/acupmed-2017-011582
http://www.ncbi.nlm.nih.gov/pubmed/31204859
http://dx.doi.org/10.1186/s13063-019-3243-5
http://www.ncbi.nlm.nih.gov/pubmed/30832713
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6399952
http://dx.doi.org/10.1016/bs.irn.2019.08.002
http://www.ncbi.nlm.nih.gov/pubmed/31607352
http://dx.doi.org/10.2169/internalmedicine.3218-19
http://www.ncbi.nlm.nih.gov/pubmed/31534083
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7008048
http://dx.doi.org/10.1186/1472-6882-11-87
http://dx.doi.org/10.1186/1472-6882-11-87
http://www.ncbi.nlm.nih.gov/pubmed/21982120
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3201900
http://dx.doi.org/10.3920/BM2017.0125
http://www.ncbi.nlm.nih.gov/pubmed/29695180
http://dx.doi.org/10.1016/j.biopha.2018.10.076
http://www.ncbi.nlm.nih.gov/pubmed/30551349
http://www.ncbi.nlm.nih.gov/pubmed/11925084
http://dx.doi.org/10.1097/PSY.0b013e31829dbed4
http://www.ncbi.nlm.nih.gov/pubmed/23922399
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3785003
http://dx.doi.org/10.1177/1367493519864747
http://www.ncbi.nlm.nih.gov/pubmed/31379194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7863118


Noor N et al.

Zh Nevrol Psikhiatr Im S S Korsakova. 2017;117(4):40–4. doi:
10.17116/jnevro20171174140-44. [PubMed: 28617377].

66. [No authors listed]. Rituximab for patients with myalgic en-
cephalomyelitis/chronic fatigue syndrome. Ann Intern Med.
2019;170(9). doi: 10.7326/P19-0004. [PubMed: 30934061].

67. Mitchell WM. Efficacy of rintatolimod in the treatment of chronic
fatigue syndrome/myalgic encephalomyelitis (CFS/ME). Expert Rev
Clin Pharmacol. 2016;9(6):755–70. doi: 10.1586/17512433.2016.1172960.
[PubMed: 27045557]. [PubMed Central: PMC4917909].

68. Urits I, Jung JW, Amgalan A, Fortier L, Anya A, Wesp B, et al. Utilization
of magnesium for the treatment of chronic pain. Anesth Pain Med.
2021;11(1). doi: 10.5812/aapm.112348.

69. Baker R, Shaw EJ. Diagnosis and management of chronic fa-
tigue syndrome or myalgic encephalomyelitis (or encephalopa-
thy): summary of NICE guidance. BMJ. 2007;335(7617):446–8. doi:
10.1136/bmj.39302.509005.AE. [PubMed: 17762037]. [PubMed Central:
PMC1962830].

70. Berger AA, Liu Y, Jin K, Kaneb A, Welschmeyer A, Cornett EM, et al. Ef-
ficacy of acupuncture in the treatment of chronic abdominal pain.
Anesth Pain Med. 2021;11(2). doi: 10.5812/aapm.113027.

71. Malik KM, Beckerly R, Imani F. Musculoskeletal disorders a uni-
versal source of pain and disability misunderstood and misman-
aged: A critical analysis based on the U.S. Model of care. Anesth Pain
Med. 2018;8(6). e85532. doi: 10.5812/aapm.85532. [PubMed: 30775292].

[PubMed Central: PMC6348332].
72. Berger AA, Liu Y, Possoit H, Rogers AC, Moore W, Gress K, et al. Dorsal

root ganglion (DRG) and chronic pain. Anesth Pain Med. 2021;11(2). doi:
10.5812/aapm.113020.

73. Li J, Xie J, Pan Z, Guo X, Li Y, Fu R. [Chronic fatigue syndrome
treated with transcutaneous electrical acupoint stimulation: a ran-
domized controlled trial]. Zhongguo Zhen Jiu. 2017;37(12):1276–9. doi:
10.13703/j.0255-2930.2017.12.006. [PubMed: 29354991].

74. Imani F, Zaman B, De Negri P. Postoperative pain management: Role
of dexmedetomidine as an adjuvant. Anesth Pain Med. 2021;10(6). doi:
10.5812/aapm.112176.

75. Tully J, Jung JW, Patel A, Tukan A, Kandula S, Doan A, et al.
Utilization of intravenous lidocaine infusion for the treatment
of refractory chronic pain. Anesth Pain Med. 2020;10(6). e112290.
doi: 10.5812/aapm.112290. [PubMed: 34150583]. [PubMed Central:
PMC8207879].

76. Imani F. Using pulsed radiofrequency for chronic pain. Anesth Pain
Med. 2012;1(3):155–6. doi: 10.5812/kowsar.22287523.4047. [PubMed:
24904784]. [PubMed Central: PMC4018683].

77. Khan TW, Imani F. The management of chronic pain; caught be-
tween a rock and a hard place: The case for a renewed focus on
provider, patient, and payer education. Anesth Pain Med. 2017;7(1).
e40951. doi: 10.5812/aapm.40951. [PubMed: 28920037]. [PubMed Cen-
tral: PMC5554427].

10 Anesth Pain Med. 2021; 11(3):e113629.

http://dx.doi.org/10.17116/jnevro20171174140-44
http://www.ncbi.nlm.nih.gov/pubmed/28617377
http://dx.doi.org/10.7326/P19-0004
http://www.ncbi.nlm.nih.gov/pubmed/30934061
http://dx.doi.org/10.1586/17512433.2016.1172960
http://www.ncbi.nlm.nih.gov/pubmed/27045557
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4917909
http://dx.doi.org/10.5812/aapm.112348
http://dx.doi.org/10.1136/bmj.39302.509005.AE
http://www.ncbi.nlm.nih.gov/pubmed/17762037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1962830
http://dx.doi.org/10.5812/aapm.113027
http://dx.doi.org/10.5812/aapm.85532
http://www.ncbi.nlm.nih.gov/pubmed/30775292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348332
http://dx.doi.org/10.5812/aapm.113020
http://dx.doi.org/10.13703/j.0255-2930.2017.12.006
http://www.ncbi.nlm.nih.gov/pubmed/29354991
http://dx.doi.org/10.5812/aapm.112176
http://dx.doi.org/10.5812/aapm.112290
http://www.ncbi.nlm.nih.gov/pubmed/34150583
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8207879
http://dx.doi.org/10.5812/kowsar.22287523.4047
http://www.ncbi.nlm.nih.gov/pubmed/24904784
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4018683
http://dx.doi.org/10.5812/aapm.40951
http://www.ncbi.nlm.nih.gov/pubmed/28920037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5554427

	Abstract
	1. Context
	2. Epidemiology
	2.1. Gender  Age Risks
	2.2. Infectious Triggers  Immune Dysregulation
	2.3. Altered Energy Metabolism
	2.4. Differential Diagnosis

	3. Pathogenesis
	3.1. Clinical Presentation and Implications

	4. Diagnosis
	4.1. Clinical Criteria
	4.2. Biomarkers and Immune Pathways
	4.3. Myalgic Encephalomyelitis

	5. Treatment and Management
	5.1. Conservative Management

	6. Medical Management of CFS
	6.1. Pharmacological Treatment and Supplements
	6.2. Non-pharmacological Treatment
	6.3. Minimally Invasive Treatment
	6.4. Difficulties of Treatment

	7. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

