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ABSTRACT

Introduction: Chronic Fatigue Syndrome (CFS) is an exhausting continuous medical
condition. In most cases it affects patients after a flu-like infection. CFS correlates with
alterations in the nervous and immune systems, metabolism, and hormone secretion.
Diagnostic process is very challenging due to the absence of a definitive diagnostic test and

wide symptomatology. It negatively impacts people's both mental and physical health.
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Aim of the study: The aim of this literature review is to comprehensively examine current
research findings and literature on Chronic Fatigue Syndrome (CFS), understand its etiology,
how it affects the body, why it's challenging to diagnose, the various treatments available,

new ideas and viewpoints in the field.

Describing the State of Knowledge: Despite extensive investigation, the exact etiology of
CFS remains unknown. In literature CFS 1is also often described as Myalgic
Encephalomyelitis. In the WHO's most recent classification, the ICD-11, both Chronic
Fatigue Syndrome and Myalgic Encephalomyelitis are classified as “other disorders of the

nervous system” which indicates the significance of the issue.

Conclusions: This literature review underlines the importance of a comprehensive and
collaborative approach in addressing the complexities of CFS and improving outcomes for

individuals living with this debilitating condition.

Key words: Chronic Fatigue Syndrome; Myalgic encephalomyelitis; malaise; CFS;

Neuroimmune Disorders

Introduction

Chronic Fatigue Syndrome is considered as one of the most mysterious diseases
among people. It affects more than 2 million people in the United States only [1]. Women and
people over 40 years old are at a particularly increased risk of getting sick [1,2]. The etiology
of CFS is unclear and complex. Flu-like infections for instance mononucleosis often precede
the disease, but physical trauma or psychological stress may also act as a trigger [3]. It is said
that symptom profile of CFS has considerable overlap with post COVID-19 condition [4].

This fact underlines the scale of pro-inflammatory effect of viruses on human body.



Etiology

Dysregulation of the immune system is said to lie at the bottom of the disease.
Symptoms may be caused by natural killer (NK) cell function impairment, increased number
of B cells and activated CD8" T cells [5]. Patients can also present with hypercytokinemia [6].
Individuals with ME/CFS exhibit heightened production of complement products, elevated
oxidative stress accompanied by a reduced antioxidant reaction, and increased levels of
interleukin 10 and TLR4. Some of these changes are associated with the severity of symptoms
experienced by the individuals [7].

Neuroinflammation has emerged as another potential fundamental mechanism in
ME/CFS, offering a possible explanation for a broad spectrum of symptoms. Several research
indicate the presence of neuroinflammation in cortical and limbic brain areas among patients
with ME/CFS. For instance, elevated levels of brain lactate and choline, indicative of
neuroinflammation, have been observed in this population [8].

Moreover, investigations in metabolic processes have pointed CFS as a condition
characterized by reduced metabolic activity, marked by declines in numerous metabolic
pathways [9]. Although it remains uncertain whether these deficiencies are a potential trigger
or outcome of ME/CFS, heightened mitochondrial harm, diminished ATP generation and
compromised oxidative phosphorylation collectively suggest that ME/CFS may be indicative

of a mitochondrial disorder.

Symptoms and Diagnostic Criteria

To diagnose CFS, doctors rely on the symptoms and medical history. No specific
laboratory abnormalities are officially recognized for diagnosis. Although physical
irregularities may be detected, no singular observation is adequate for diagnosis. Various tests,
including blood and urine analyses are employed to exclude alternative conditions potentially
accounting for the symptoms. Several sets of rules and standards are available to diagnose
CFS. These include the NICE guidelines, IOM criteria, the International Consensus Criteria
(ICC), the Canadian Consensus Criteria (CCC), and CDC criteria. To diagnose Chronic
Fatigue Syndrome (CFS) medical guidelines typically require the presence of persistent or
recurring fatigue lasting for at least six months. Additionally, diagnosis requires persistent
occurrence of at least four out of eight other symptoms commonly associated with the

condition [10].
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Figure 1. Graphic showing a set of CFS symptoms and diagnostic criteria.

Some common symptoms reported in the literature include gastrointestinal
disturbances such as digestive issues, nausea, bloating, abdominal pain, and irritable bowel
syndrome (IBS)-like symptoms, which can contribute to overall discomfort and fatigue [11].
Patients may also present with sensitivities to sensory stimuli: heightened sensitivity to light,
noise, odors, and certain foods or medications, leading to sensory overload and exacerbation
of symptoms [12,13]. Individuals with MCFS frequently encounter orthostatic intolerance,
where symptoms exacerbate upon standing or sitting upright. These symptoms, such as
lightheadedness, dizziness, and cognitive difficulties, often improve again after lying down
[14].

In the ME/CFS community exists a diverse range of sleep disturbances. Patients
often wake up feeling fatigued and achy rather than refreshed after a night's rest. This may
stem from irregular sleep patterns, such as daytime sleeping and nighttime wakefulness,
shallow or fragmented sleep [15]. However, even with a complete night's rest, rejuvenation is
typically lacking. Others may encounter insomnia, excessive sleepiness (hypersomnia), or
vivid nightmares [15,16].

It's important to note that the presentation of symptoms can vary widely among
individuals with CFS/ME, the severity and combination of symptoms may fluctuate over time.

Additionally, these symptoms often overlap with other medical conditions, making diagnosis



challenging and emphasizing the need for comprehensive medical evaluation and

personalized management approaches.

Management Strategies for Chronic Fatigue Syndrome

Chronic Fatigue Syndrome (CFS), also known as Myalgic Encephalomyelitis (ME),
presents a significant challenge for both patients and healthcare providers due to its complex
and often fluctuating nature. While there is currently no cure for CFS/ME, various treatment
approaches aim to alleviate symptoms, improve quality of life, and support overall well-being.
A multidisciplinary approach is widely recommended for the management of CFS/ME,
involving collaboration among healthcare professionals such as physicians, psychologists,
physiotherapists, and occupational therapists [17].

Energy conservation strategies, pacing techniques, and establishing realistic activity
goals are central to managing fatigue in CFS/ME. Gradual increases in activity levels,
balanced with adequate rest periods, can help prevent symptom exacerbation [17,18].

Pharmacological interventions such as analgesics and nonsteroidal anti-
inflammatory drugs (NSAIDs) may be prescribed to reduce muscle and joint pain.
Additionally, complementary therapies such as acupuncture, massage, and gentle stretching
exercises may provide relief for some individuals [19].

Adopting a balanced diet rich in nutrient-dense foods may help support overall
health and energy levels in patients with CFS/ME. Dietary supplements such as vitamins B12,
D, and magnesium are commonly used to address nutritional deficiencies and support cellular
function [20].

While traditional exercise regimes may exacerbate symptoms in CFS/ME, graded
exercise therapy (GET) and supervised exercise programs tailored to capabilities have shown
benefits in improving physical function and reducing fatigue severity. However, caution must
be applied to prevent post-exertional malaise and symptom exacerbation [21]. Given the
emerging evidence of mitochondrial dysfunction in CFS/ME pathophysiology, mitochondrial-
targeted therapies such as coenzyme Q10 (CoQ10), ribose supplements, and mitochondrial
membrane stabilizers are being explored for their potential in improving cellular energy

production and reducing fatigue [22].



Economic Outcomes of Chronic Fatigue Syndrome

CFS not only affects patients’ health and well-being but also carries significant
economic consequences. This chapter explores the economic outcomes associated with
CFS/ME, including direct healthcare costs, indirect costs related to productivity losses, and
the overall economic impact on society [23,27]. The management of CFS/ME involves
frequent healthcare encounters, diagnostic evaluations, and treatment interventions,
contributing to significant direct healthcare costs. These costs contain expenses related to
physician consultations, laboratory tests, diagnostic procedures, medications and specialized
healthcare services.

Additionally, individuals with CFS/ME may require referrals to various healthcare
professionals, including specialists in rheumatology, neurology, and psychiatry, further
augmenting healthcare expenditures [23,24]. It can severely impair individuals' ability to
work or engage in daily activities, leading to substantial productivity losses. Absence from
work, reduced work hours, and impaired job performance contribute to decreased productivity
and income loss among people suffering from CFS/ME.

Moreover, caregivers may also experience productivity losses as they provide support
and assistance to their loved ones [25]. The unpredictable nature of CFS/ME symptoms may
result in financial insecurity, housing instability and difficulty accessing essential goods and

services, exacerbating socioeconomic disparities and financial distress [24,26,27].

Societal Stigma and Misconceptions

CFS/ME is often stigmatized and marginalized within society, leading to
misconceptions, disbelief, and discrimination against affected individuals. The portrayal of
CFS/ME as a psychosomatic or "invisible" illness has contributed to skepticism regarding its
legitimacy as a medical condition, hindering research funding, healthcare access, and societal
support for affected people [25]. Furthermore, controversies surrounding alternative and
complementary therapies, as well as conflicting narratives in the media, perpetuate confusion
and uncertainty about CFS/ME among the public [24,28].

In response to the controversies and challenges faced by patients with CFS/ME,
advocacy groups and research activists have played a crucial role in raising awareness,
advocating for increased research funding, and promoting patient-centered approaches to care

[28].



Conclusions

In conclusion, Chronic Fatigue Syndrome (CFS), also known as Myalgic
Encephalomyelitis (ME), remains a challenging and often misunderstood condition with
significant implications for individuals' health, well-being, and quality of life [28]. This
literature review has provided valuable insights into the complex nature of CFS/ME,
exploring its etiology, pathophysiology, clinical presentation, and management strategies. It is
evident that CFS/ME is a multifaceted illness characterized by debilitating fatigue, cognitive
impairments, and a range of other symptoms affecting various systems [29]. While the exact
cause of CFS/ME remains elusive, current research suggests a multifactorial interplay of
genetic, immunological, infectious, and environmental factors contributing to its onset and
persistence [30,31].

In summary, this literature review underscores the importance of continued research
efforts, interdisciplinary collaboration, and patient-centered approaches in addressing the
complex challenges posed by CFS/ME. By advancing our understanding of the underlying
mechanisms, refining diagnostic criteria, and exploring innovative treatment modalities, we
can enhance the care and support provided to individuals living with CFS/ME and pave the

way for improved outcomes and quality of life.

Disclosure

Authors contribution:

Conceptualization: Iga Slesicka, Aleksandra Latata, Marcin Was, Zuzanna Tomczewska,
Natalia Zozula

Methodology: Magda Przestrzelska, Katarzyna Bil, Justyna Kielbasa, Aleksandra Rykucka,
Agata Kowalczyk

Software: Natalia Zozula, Justyna Kielbasa, Iga Slesicka

Check: Katarzyna Bil, Agata Kowalczyk

Formal Analysis: Iga Slesicka, Magda Przestrzelska, Agata Kowalczyk, Zuzanna

Tomczewska



Investigation: Aleksandra Latala, Justyna Kietbasa, Katarzyna Bil, Iga Slesicka, Natalia

Zozula

Resources: Marcin Was, Aleksandra Rykucka, Magda Przestrzelska

Data Curation: Agata Kowalczyk, Natalia Zozula

Writing-Rough Preparation: Justyna Kietbasa, Aleksandra Latata

Writing-Review and Editing: Katarzyna Bil, Marcin Was, Aleksandra Rykucka

Visualization: Iga Slesicka, Zuzanna Tomczewska

Supervision: Aleksandra Rykucka, Marcin W3as

Project Administration: Aleksandra Latata, Magda Przestrzelska

The authors have read and agreed with the published version of the manuscript.

Funding Statement: The Study Did Not Receive Special Funding.

Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable.

Data Availability Statement: Not Applicable.

Conflict Of Interest: The authors declare no conflict of interest.

Bibliography

1.

Bierl C, Nisenbaum R, Hoaglin DC, Randall B, Jones AB, Unger ER, Reeves WC. Regional
distribution of fatiguing illnesses in the United States: a pilot study. Popul Health Metr. 2004 Feb
4;2(1):1. doi: 10.1186/1478-7954-2-1. PMID: 14761250; PMCID: PMC356930.

Reeves WC, Jones JF, Maloney E, Heim C, Hoaglin DC, Boneva RS, Morrissey M, Devlin R.
Prevalence of chronic fatigue syndrome in metropolitan, urban, and rural Georgia. Popul Health Metr.

2007 Jun 8;5:5. doi: 10.1186/1478-7954-5-5. PMID: 17559660; PMCID: PMC1904178.

10



Clauw DJ, Phadke S, Hoffman D. Myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS): Where will the drugs come from? Pharmacol Res. 2021 Mar;165:105465. doi:
10.1016/j.phrs.2021.105465. Epub 2021 Jan 30. PMID: 33529750.

Sukocheva OA, Maksoud R, Beeraka NM, Madhunapantula SV, Sinelnikov M, Nikolenko
VN, Neganova ME, Klochkov SG, Amjad Kamal M, Staines DR, Marshall-Gradisnik S.
Analysis of post COVID-19 condition and its overlap with myalgic encephalomyelitis/chronic
fatigue syndrome. J Adv Res. 2022 Sep;40:179-196. doi: 10.1016/j.jare.2021.11.013. Epub
2021 Nov 26. PMID: 36100326; PMCID: PMC8619886.

Lee JS, Sato W, Son CG. Brain-regional characteristics and neuroinflammation in ME/CFS
patients from neuroimaging: A systematic review and meta-analysis. Autoimmun Rev. 2024

Feb;23(2):103484. doi: 10.1016/j.autrev.2023.103484. Epub 2023 Nov 26. PMID: 38016575.

Scheibenbogen C, Freitag H, Blanco J, Capelli E, Lacerda E, Authier J, Meeus M, Castro
Marrero J, Nora-Krukle Z, Oltra E, Strand EB, Shikova E, Sekulic S, Murovska M. The
European ME/CFS Biomarker Landscape project: an initiative of the European network
EUROMENE. J Transl Med. 2017 Jul 26;15(1):162. doi: 10.1186/s12967-017-1263-z. PMID:
28747192; PMCID: PMC5530475.

Nijs J, Nees A, Paul L, De Kooning M, Ickmans K, Meeus M, et al. (2014). "Altered
immune response to exercise in patients with chronic fatigue syndrome/myalgic
encephalomyelitis: a systematic literature review". Exercise Immunology Review. 20:

94—-116. PMID 24974723.

Lee JS, Sato W, Son CG. Brain-regional characteristics and neuroinflammation in ME/CFS
patients from neuroimaging: A systematic review and meta-analysis. Autoimmun Rev. 2024

Feb;23(2):103484. doi: 10.1016/j.autrev.2023.103484. Epub 2023 Nov 26. PMID: 38016575.

R.K. Naviaux, J.C. Naviaux, K. Li, A.T.Bright, W.A. Alaynick, L. Wang, A. Baxter, N. Natha
n, W. Anderson, E. Gordon, Metabolic features of chronic fatigue syndrome, Proc Natl Acad
SciUS A, 113 (2016), pp. E5472-5480, PMCID:5027464

11



10.

11.

12.

13.

14.

15.

16.

17.

Turner-Stokes L, Wade DT. Updated NICE guidance on chronic fatigue syndrome. BMJ.
2020 Dec 16;371:m4774. doi: 10.1136/bmj.m4774. PMID: 33328173.

Brki¢ S, Tomi¢ S, Ruzi¢ M, Mari¢ D. Chronic fatigue syndrome. Srp Arh Celok Lek. 2011
Mar-Apr;139(3-4):256-61. doi: 10.2298/sarh1104256b. PMID: 21618868.

Krupp LB, Mendelson WB, Friedman R. An overview of chronic fatigue syndrome. J Clin
Psychiatry. 1991 Oct;52(10):403-10. PMID: 1938975.

Youssefi M, Linkowski P. Le syndrome de fatigue chronique: aspects psychiatriques [Chronic
fatigue syndrome: psychiatric perspectives]. Rev Med Brux. 2002 Sep;23(4):A299-304.
French. PMID: 12422451.

Bateman L, Bested AC, Bonilla HF, Chheda BV, Chu L, Curtin JM, et al. (November 2021).
"Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Essentials of Diagnosis and
Management". Mayo Clinic Proceedings. 96 (11): 2861-2878.
doi:10.1016/j.mayocp.2021.07.004. PMID 34454716

Kennedy G, Abbot NC, Spence V, Underwood C, Belch JJ. The specificity of the CDC-1994
criteria for chronic fatigue syndrome: comparison of health status in three groups of patients
who  fulfill the criteria. Ann  Epidemiol. 2004  Feb;14(2):95-100.  doi:
10.1016/j.annepidem.2003.10.004. PMID: 1501888]1.

Hlavaty LE, Brown MM, Jason LA. The effect of homework compliance on treatment
outcomes for participants with myalgic encephalomyelitis/chronic fatigue syndrome. Rehabil
Psychol. 2011 Aug;56(3):212-8. doi: 10.1037/a0024118. PMID: 21767035; PMCID:
PMC3166212.

Smith ME, Haney E, McDonagh M, Pappas M, Daeges M, Wasson N, Fu R, Nelson HD.
Treatment of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: A Systematic Review
for a National Institutes of Health Pathways to Prevention Workshop. Ann Intern Med. 2015
Jun 16;162(12):841-50. doi: 10.7326/M15-0114. PMID: 26075755.

12



18.

19.

20.

21.

22.

23.

Larun L, Brurberg KG, Odgaard-Jensen J, Price JR. Exercise therapy for chronic fatigue
syndrome. Cochrane Database Syst Rev. 2017 Apr 25;4(4):CD003200. doi:
10.1002/14651858.CD003200.pub7. Update in: Cochrane Database Syst Rev. 2019 Oct
02;10:CD003200. PMID: 28444695; PMCID: PMC6419524.

Bjerklund G, Dadar M, Pen JJ, Chirumbolo S, Aaseth J. Chronic fatigue syndrome (CFS):
Suggestions for a nutritional treatment in the therapeutic approach. Biomed Pharmacother.
2019 Jan;109:1000-1007. doi: 10.1016/j.biopha.2018.10.076. Epub 2018 Nov 5. PMID:
30551349.

Vink M, Vink-Niese A. Cognitive behavioural therapy for myalgic encephalomyelitis/chronic
fatigue syndrome is not effective. Re-analysis of a Cochrane review. Health Psychol Open.
2019 May 2;6(1):2055102919840614. doi: 10.1177/2055102919840614. PMID: 31080632;
PMCID: PMC6498783.

Vermeulen RC, Scholte HR. Exploratory open label, randomized study of acetyl- and
propionylcarnitine in chronic fatigue syndrome. Psychosom Med. 2004 Mar-Apr;66(2):276-82.
doi: 10.1097/01.psy.0000116249.60477.¢9. PMID: 15039515.

Pheby DFH, Araja D, Berkis U, Brenna E, Cullinan J, de Korwin J-D, Gitto L, Hughes DA,
Hunter RM, Trepel D, et al. The Role of Prevention in Reducing the Economic Impact of
ME/CFS in Europe: A Report from the Socioeconomics Working Group of the European
Network on ME/CFS (EUROMENE). Medicina. 2021; 57(4):388.
https://doi.org/10.3390/medicina57040388

Crawley E, Collin SM, White PD, Rimes K, Sterne JA, May MT; CFS/ME National
Outcomes Database. Treatment outcome in adults with chronic fatigue syndrome: a
prospective study in England based on the CFS/ME National Outcomes Database. QJM. 2013
Jun;106(6):555-65. doi: 10.1093/qjmed/hct061. Epub 2013 Mar 28. Erratum in: QJM. 2013
Jun;106(6):567. Erratum in: QJM. 2023 Sep 12;116(8):731. PMID: 23538643; PMCID:
PMC36659009.

13



24.

25.

26.

27.

28.

29.

Ross SD, Estok RP, Frame D, Stone LR, Ludensky V, Levine CB. Disability and chronic
fatigue syndrome: a focus on function. Arch Intern Med. 2004 May 24;164(10):1098-107. doi:
10.1001/archinte.164.10.1098. PMID: 15159267.

Nacul LC, Lacerda EM, Pheby D, Campion P, Molokhia M, Fayyaz S, Leite JC, Poland F,
Howe A, Drachler ML. Prevalence of myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS) in three regions of England: a repeated cross-sectional study in primary care. BMC
Med. 2011 Jul 28;9:91. doi: 10.1186/1741-7015-9-91. PMID: 21794183; PMCID:
PMC3170215.

Jason LA, Sunnquist M, Brown A, Evans M, Vernon SD, Furst J, Simonis V. Examining case
definition criteria for chronic fatigue syndrome and myalgic encephalomyelitis. Fatigue. 2014
Jan 1;2(1):40-56. doi: 10.1080/21641846.2013.862993. PMID: 24511456; PMCID:
PMC3912876.

Cortes Rivera M, Mastronardi C, Silva-Aldana CT, Arcos-Burgos M, Lidbury BA. Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome: A Comprehensive Review. Diagnostics
(Basel). 2019 Aug 7;9(3):91. doi: 10.3390/diagnostics9030091. PMID: 31394725; PMCID:
PMC6787585.

Castro-Marrero J, Segundo MJ, Lacasa M, Martinez-Martinez A, Sentafies RS, Alegre-Martin
J. Effect of Dietary Coenzyme Q10 Plus NADH Supplementation on Fatigue Perception and
Health-Related Quality of Life in Individuals with Myalgic Encephalomyelitis/Chronic
Fatigue Syndrome: A Prospective, Randomized, Double-Blind, Placebo-Controlled Trial.
Nutrients. 2021 Jul 30;13(8):2658. doi: 10.3390/nu13082658. PMID: 34444817; PMCID:
PM(C8399248.

Twisk FN, Maes M. A review on cognitive behavorial therapy (CBT) and graded exercise
therapy (GET) in myalgic encephalomyelitis (ME) / chronic fatigue syndrome (CFS):
CBT/GET is not only ineffective and not evidence-based, but also potentially harmful for
many patients with ME/CFS. Neuro Endocrinol Lett. 2009;30(3):284-99. PMID: 19855350.

14



30. Vermeulen RC, Scholte HR. Exploratory open label, randomized study of acetyl- and
propionylcarnitine in chronic fatigue syndrome. Psychosom Med. 2004 Mar-Apr;66(2):276-82.
doi: 10.1097/01.psy.0000116249.60477.¢9. PMID: 15039515.

31. Prins JB, van der Meer JW, Bleijenberg G. Chronic fatigue syndrome. Lancet. 2006 Jan
28;367(9507):346-55. doi: 10.1016/S0140-6736(06)68073-2. PMID: 16443043.

15



