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About the Art 
The name of the painting is “Bring me along”. I stand in the dark, urging to be alive, please bring me along in your light. ME/CFS is a place of darkness. It is complete in both physical and mental state... Even light itself can make a person exhausted. Despite such darkness, patients reach out for help. 
Modified comments of the artist.
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In 2015, the Institute of Medicine (USA) issued a report critical of the research effort and clinical care for ME/CFS (Myalgic Encephalomyelitis/Chronic Fatigue Syndrome) formerly known as Chronic Fatigue Syndrome (CFS) and Chronic Fatigue Immune Deficiency Syndrome (CFIDS). While worldwide investigation into the cause and nature of ME/CFS remains disproportionately small, and treatment remains symptomatic and controversial, modest research continues in all aspects of this disease: epidemiology, possible infectious origins and other triggers, possible involvement of genetics, metabolism, and microbiome, influence of co-morbid conditions, and more. Treatment of patients consists of providing symptomatic relief. Guidance in doing so is provided for the clinician. School-age children require not only treatment but, as revealed in a 25-year retrospective study, continued engagement with peers and social activity. This e-book explores the breadth and depth of current ME/CFS research and clinical care. Its impact for other chronic, complex illnesses should not be overlooked.
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Editorial on the Research Topic
 Advances in ME/CFS Research and Clinical Care



Advances in ME/CFS Research and Clinical Care spotlights Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS): a maligned, stigmatized, under-researched disease, which lacks a definitive, objective clinical test for its diagnosis, and definitive palliative and curative treatments. A few brave physicians attempt to alleviate the suffering of the afflicted. They rely upon the patients' symptoms to guide them. Physicians can provide symptomatic relief and improve upon patients' abnormal physiological and metabolic parameters by intervening to cause the latter to approach normal limits. Documented to be more severely disabling than HIV-AIDS, ME/CFS receives disturbingly little funding in the United States and around the world. ME/CFS patients constitute an identifiable, underserved population that is in need of the recognition which would raise them from their current, underserved or non-served patient status into the mainstream of healthcare worldwide. ME/CFS is a common disease worldwide, affecting approximately 1 percent of the world's population.

Despite these obstacles, and as evidenced by the articles contained herein, ME/CFS research is being conducted, and patient care issues are being addressed. Today, researchers and clinicians communicate rapidly via the internet to overcome conventional impediments to knowledge and patient care.

At the end of the twentieth and the beginning of the twenty-first century, it seemed that the United States government had finally taken the lead in promoting research and patient care for a disease which had been described in exquisite detail by its own Public Health Service in the 1930's and subsequently largely ignored, or worse, defamed. More modern efforts to inform the U.S. Department of Health and Human Services (DHHS) began with the Chronic Fatigue Syndrome Coordinating Committee from 1996 to 2001, followed by reorganization as the Chronic Fatigue Syndrome Advisory Committee (CFSAC). That committee advised the U.S. Secretary of Health and Human Services on matters related to ME/CFS, but the recommendations of the CFSAC were largely ignored until 2015. That is when the Institute of Medicine (IOM) completed an evidence-based review and published a report, commissioned in response to a recommendation from the CFSAC, and sponsored by funds from the Office of Women's Health within DHHS, the National Institutes of Health (NIH), the Centers for Disease Control (CDC), the Food and Drug Administration (FDA), the Agency for Healthcare Research and Quality (AHRQ), and the Social Security Administration (SSA). The charge to the IOM committee was to develop clinical diagnostic criteria for ME/CFS, based on the evidence, and with the input of ME/CFS stakeholders. That report described a serious health crisis, an illness characterized by significant impairment and disability, inadequate diagnostic tools, barriers to healthcare access and trained physicians, high economic costs, and lack of treatment guidelines. The report contained a dissemination plan for education of U.S. medical institutions. In the 2 years that followed, the CFSAC systematically made such recommendations to the U.S. government agencies, in terms of both research support and patient care, which may have contributed to the demise of the CFSAC. In September of 2018, the Department of Health and Human Services decided not to renew the charter of the CFSAC.

It is promising that oversight of ME/CFS research has been moved from the Office of Women's Health to the National Institute of Neurological Diseases and Stroke (NINDS), and that a Trans-NIH Working Group, with members from several NIH Institutes, has been reinvigorated. The NIH is conducting a small but comprehensive inpatient study of early, post-viral ME/CFS, and has funded three Collaborative Research Centers and a central data management center.

Unfortunately, there is currently no leadership group in the U.S. government tasked with promoting ME/CFS patient care or provider education.

Advances in ME/CFS Research and Clinical Care makes the statement that despite these impediments, the compassion of the human spirit embedded in researcher, clinician, and caregiver boldly steps into this void, doing what is necessary to advance the science of, and treatment for people with, ME/CFS. Some members of the research and medicine communities have joined us to accelerate these goals. We welcome additional partners.

Our monograph starts with Friedman, “Advances in ME/CFS—Past, Present and Future,” which provides a brief history of the struggle for recognition of ME/CFS as a disease, and the struggles to establish ME/CFS research and clinical care.

Since patients do not exhibit an easily identified biomarker, abnormal metabolic or pathophysiological finding, ME/CFS is diagnosed largely by patient reported symptoms. Consequently, identifying the cause, the trigger, or triggers of ME/CFS is an ongoing field of investigation. This issue provides three contributions to that discussion and the literature: (1) Chu et al. look at patterns of ME/CFS onset and attempt to correlate it with the course of the disease, (2) Perez et al. discuss the possibility of genetic predispositions for immune system, hormonal, and metabolic dysfunctions as contributory triggers of ME/CFS, and (3) Kerr provides evidence for Epstein-Barr-virus induced gene upregulation being disease inducing in a subset of patients.

ME/CFS is a multi-organ system disease with high variability among patients. One patient's most severe symptoms or most affected organ systems differ from those of another. Thus, the questions arise: What symptoms best characterize the disease? What symptoms are mandatory to diagnose ME/CFS? How can we make diagnosis as easy as possible for the clinician? These questions lie within the domain of ME/CFS case definition. This issue contains two papers relevant to case definition. Jason and Sunnquist give some idea of the complexities involved when considering case definitions. The importance of an accurate diagnosis is considered by Geraghty and Adeniji.

Without standardized methodology for validating a ME/CFS diagnosis, researchers are searching for indirect methodologies, as evidenced by three papers in this issue: (1) Nacul et al. propose hand grip strength as a, “clinical biomarker,” of ME/CFS and also as an index of disease severity, (2) Stevens et al. discuss the use of 2-day, cardiopulmonary exercise testing to assess exertion intolerance in ME/CFS patients, and (3) Van Campen et al. discuss the lack of sensitivity of abbreviated tilt table testing for diagnosing postural tachycardia syndrome in ME/CFS patients—a common symptom found in ME/CFS.

A consequence of no standardized methodology for validating a diagnosis of ME/CFS is the difficulty in determining the number of individuals within a given population who suffer from the disease. In the United States, up to this time, only sampling techniques have been used to estimate prevalence. We are, therefore, pleased to present here a second methodology: Valdez et al. estimate the prevalence of ME/CFS by utilizing a large, medical claims database of a commercial insurance provider which they further analyzed using machine learning. Their approach yields data not only on current provider diagnosis of CFS and ME, gender, demographics and costs, but on estimated prevalence which is at variance with the random sampling data exclusively used previously. Obtaining different estimates by use of different methodologies suggests that additional studies need to be completed before the question of prevalence and other important questions can be answered with confidence.

We provide three papers representing the range of current, ongoing ME/CFS laboratory research: (1) as with other diseases, the microbiome is now being implicated in ME/CFS. Proal and Marshall put forward evidence that gastrointestinal pathogens are able to interfere with a patient's metabolism, gene expression, and immunity, (2) VanElzakker et al. contribute a critical review of the literature discussing the involvement of neuroinflammation and cytokines in ME/CFS, and (3) Lacerda et al. describe a UK ME/CFS Biobank, providing opportunity for new and further exploration of tissue abnormalities in ME/CFS.

We also provide three papers relevant to clinical ME/CFS research. Two of these papers, Van Campen et al. and Davenport et al. concern the cardiovascular symptoms of ME/CFS. The third, Boneva et al. indicates how a common co-morbidity of ME/CFS can influence the symptoms of the disease.

Regardless of the lack of knowledge of the etiology and pathology of ME/CFS, all patients are entitled to good healthcare. Clearly, providing healthcare for patients with a disease of unknown etiology, and highly variable, and waxing and waning symptoms, is a healthcare-provider challenge. Our monograph provides a number of articles to assist in that process: Lapp provides guidance for primary care physicians in dealing with the unique and challenging aspects of initially diagnosing and managing patients with ME/CFS. However, as Bae and Lin document, appropriate healthcare eludes many ME/CFS patients. One reason, in the United States, is the difficulty patients experience in qualifying for healthcare insurance benefits. Comerford and Podell provide guidance for medical providers on documenting the disabilities of the ME/CFS patient.

While the principles of medical treatment apply to all ME/CFS patients, pediatric, and adolescent patients have additional needs. We provide 4 articles describing the unique aspects of providing care to pediatric and adolescent patients. To start, Roma et al. describe the impact of core symptoms on the quality of life of a North American population of adolescents and young adults with ME/CFS. Knight et al. describe school functioning in adolescents with ME/CFS. Newton describes the challenges young people with ME/CFS face in the school environment, how these challenges can be overcome, and the role of the treating physician in this process. Finally, Rowe provides a retrospective view of what patients with ME/CFS felt benefitted them the most when in their adolescent, school-age years.

This monograph, despite its excellent and informative articles, lacks any article focused on what is termed the severely affected: those patients so afflicted by ME/CFS that they are unable to leave their homes or rise up out of their beds. This silent cohort of ME/CFS patients, estimated to be as high as 25 percent of the ME/CFS population, has never appeared in the peer-reviewed ME/CFS literature. The interest in the articles contained herein has given rise to the invitation to create a subsequent, invited, themed issue, entitled, “ME/CFS—The Severely Affected.” Clinicians and researchers are writing articles for that issue now. When completed, a description of ME/CFS throughout the range of its severity, and the resources that can be martialed to treat patients suffering from ME/CFS, will finally be available in the medical literature.
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The forerunner of what is today termed myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) was described by the U.S. Public Health Service in 1934. At the present time, we still do not know its cause and/or how to detect it by routine clinical laboratory tests. In consequence, the pathological nature of ME/CFS has been overlooked and the disease has been stigmatized by being mislabeled as psychosomatic or somatoform illness. Such misperceptions of the disease have led to insufficient research exploration of the disease and minimal to absent patient care. A 2015 Institute of Medicine report on the illness declared ME/CFS a disease affecting up to 2.5 million Americans and chastised the U.S. government for doing little to research the disease and to support its patients. Clinicians who currently treat this disease declare it to be more devastating than HIV/AIDS. A comparison of the histories of the two diseases, an examination of the current status of the two diseases, and a listing of the accomplishments that would be needed for ME/CFS to achieve the same level of treatment and care as currently experienced by patients with HIV/AIDS is provided.

Keywords: ME/CFS, HIV/AIDS, HISTORY, comparison, patient care, research


INTRODUCTION

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a stigmatized, multisystem, complex, chronic disease that potentially affects up to 2.5 million Americans (1). Initially described in the United States in 1934 (2), it has alternatively been mischaracterized as hysteria (3), psychosomatic (4), and psychological illness (5).

The characterization of ME/CFS as a psychosomatic illness has led to a proliferation of literature describing cognitive behavioral therapy (CBT) and graded exercise therapy (GET) as non-physiological approaches to treat the illness. Patients have claimed harm from these therapies, but the pro-CBT literature alleges otherwise. Recently, literature disputing the benefits of CBT and GET has emerged (6), and the decision has been reached to withdraw some of the CBT and GET studies (7).

Many members of the healthcare community and the public are dismissive of ME/CFS as a disease (8) and, therefore, according to criteria published by the U.S. Institute of Medicine (now the National Academy of Medicine), ME/CFS qualifies as a stigmatized illness (9). Such illnesses are difficult to treat because of healthcare provider dismissive attitudes (10) and the lack of community support for patients (11). Compounding these difficulties for ME/CFS patients is the failure to find consistent abnormalities in routine, clinical laboratory tests which can confirm a ME/CFS diagnosis. Without the availability of an accepted, laboratory, diagnostic test indicating the presence of a unique infectious agent, metabolic or organ system abnormality, there is reluctance to believe that ME/CFS is a pathophysiological illness. In consequence, the search for the etiological agent or agents of ME/CFS, specific treatments for its relief, medications or a vaccine specific for the disease have been hampered. Without such knowledge and tools, physicians and other healthcare providers receive little healthcare provider education about the disease. Knowing the previous struggles for research and treatment, and the current status of patient care for a disease which similarly suffered from stigmatization, unknown disease etiology, and no known treatment, but has progressed much further in a shorter amount of time, helps clarify what can be achieved for ME/CFS in the future.

Our current understanding of ME/CFS is that it is a complex, chronic, debilitating, physical disease characterized by post-exertional malaise, severe, and debilitating fatigue, cognitive problems, sleep dysfunction, pain, and immune, autonomic, neurological, endocrine, and gastrointestinal symptoms (12). The severity of symptoms varies from day-to-day within the patient, and varies among patients. Severity of disease is graded from patients being mildly affected, through moderately affected, to the severely affected. The severely affected are either house- or bedbound, may be unable to move, speak or tolerate light (13). Post-exertional malaise (PEM) is considered one of the key symptoms of ME/CFS and is defined as the exacerbation of the patient's symptoms following minimal physical or mental activity, occurring hours, days, or weeks after the triggering activity, and lasting for disproportionately long lengths of time (days, weeks, or months).

Diagnosis of ME/CFS is difficult. Without the availability of a diagnostic test, several sets of diagnostic criteria have been proposed. Fukuda et al. (14) has been the most popular, but it must be remembered that it was proposed as, and is, a research case definition never intended for clinical diagnosis. The recent Institute of Medicine report (1) proposes simplified criteria which have not been widely embraced. Without a disease specific test or biomarker, there is no choice but to base diagnosis on the symptoms reported by the patient. Some symptoms are considered mandatory for the diagnosis, whereas others are considered supportive. There is a reluctance to diagnose adults with ME/CFS until they have been ill for at least 6 months and their co-morbidities have been addressed. For children and adolescents, and for humanitarian reasons, the length of time of required illness prior to receiving a ME/CFS diagnosis has been shortened to 3 months (15), but the treating physician should use his/her own discretion.

Treatment of ME/CFS has been difficult. The availability of treatment and therapeutic approach varies among countries. Some countries lack awareness of ME/CFS (16), others subscribe to ME/CFS as treatable by changing the way the patient thinks and behaves through a CBT approach (17, 18), while some have embraced ME/CFS being an organic disease in practice (19) but fail to reach all patients and caregivers in need (20). Recently, O'Leary (21) has put forward the argument that despite a previous, long-term, professional consensus that CFS be classified as a psychosomatic illness, the insistence of globally respected health authorities that ME/CFS be treated as a serious, biological disease (1) raises ethical concerns as to whether efforts to continue treating ME/CFS as a mental disorder (in the U.K.) should continue.

While HIV/AIDS was far more devastating than ME/CFS when what was to be called AIDS was first reported, it no longer is. At this point in time it is comparable or less severe than ME/CFS for the majority of patients as witnessed by the following two quotes from physicians who treat both: (1) “In my experience, (ME/CFS) is one of the most disabling diseases that I care for, far exceeding HIV disease except for the terminal stages.”—Dr. Daniel Peterson (22). (2) I split my clinical time between the two illnesses, and I can tell you if I had to choose between the two illnesses (in 2009) I would rather have H.I.V. But C.F.S., which impacts a million people in the United States alone, has had a small fraction of the research dollars directed toward it.”—Dr. Nancy Klimas, AIDS and CFS researcher and clinician, University of Miami (23).



THE PAST

It has been over 80 years since the first literature-documented outbreak of ME/CFS in the United States in 1934 (2). Yet, this illness remains poorly characterized and there is no defined course of treatment. In contrast, the time span from the first description of HIV/AIDS to the development of treatment with Federal Drug Administration (FDA)-approved drugs was less than a decade (24). Attempts to classify ME/CFS have been misleading. The majority of ME/CFS cases have been classified as, “sporadic,” despite the infectious origin of most cases: Hickie et al. (25) report that 6 % of Epstein Barr Virus, Ross River Virus and Q fever patients develop ME/CFS, with the severity of viral infection being the best predictor of contracting ME/CFS. In 1955, McEvedy and Beard (3) labeled a cluster outbreak of the illness as “mass hysteria,” and the New York Times cheekily renamed the illness, “Yuppie Flu,” mischaracterizing the illness as exclusively affecting young and upcoming professionals (26). To the contrary, research shows that ME/CFS affects all socioeconomic groups of the American population, with socioeconomically disadvantaged populations perhaps being more greatly affected (27).

Mischaracterization of ME/CFS has led to inappropriate and, for some, harmful treatment options (28). Characterization of ME/CFS as a psychosomatic illness has led to the belief that cognitive behavioral therapy (CBT) and graded exercise therapy (GET) are therapeutic if not curative (6). The publications demonstrating the therapeutic and potentially curative values of CBT and GET have now been challenged (18). Attempts to correct the literature are currently underway (29). When a child has ME/CFS, the parent or parents may be accused of Munchausen's Syndrome By Proxy (MSBP). In some cases, these children have been removed from the home leading to increased severity of illness (30).

Some of the professional scientists who have pursued ME/CFS have jeopardized their careers and livelihood (31). Medical school clinicians have been told to stop seeing ME/CFS patients because they require too much of a clinician's time, and, if they do not stop, they will need to work elsewhere. Researchers have been told that ME/CFS research will not be considered for their promotions, and if they are not promoted, they will need to leave the institution. Medical educators have been told that ME/CFS educational activities are not, “professional,” and those activities are banned from the workplace. While the NIH State of Knowledge ME/CFS Workshop, held in 2011, exposed and documented these problems (31), there has been no documentation of NIH objecting to any of these practices. NIH could withhold or limit funding to institutions which discourage or do not permit medical research and patient care for diseases that are of importance to the NIH. Not even the American Association of University Professors (AAUP), which claims academic freedom as its core mission (32), has objected to academic, institutional bans on ME/CFS research, clinical care, and educational activities.

The Guardian summarized the history of inquiry into ME/CFS this way: “… for much of the past three decades, CFS has been treated as the proverbial skeleton in the closet of the medical world. Potential researchers have been scared off by the stigma associated with the disease, and government funding has been non-existent”. “When I was a medical student in the ‘90s, we were instructed that CFS patients could not be seen in our clinic,” Montoya recalls. “And a letter was sent out to those patients telling them not to come” (33).

The U.S. government's support of ME/CFS research and patient care has been less than stated and not commensurate with the burden of the disease. When the U.S. Congress allocated funds for a Centers for Disease Control and Prevention (CDC) investigation of ME/CFS, the Director of the Chronic Fatigue Syndrome (CFS) Program (CFS is the former name of ME/CFS), Dr. William C. Reeves, filed a whistleblower complaint against the agency, alleging that millions of dollars committed to CFS research had actually been spent on other activities (34). But, it took a request from Sen. Harry Reid, D-NV to the General Accounting Office (GAO) to obtain a report (35). The GAO report stated that about one-third of the funds had been spent on non-CFS-related activities (36). Publicly exposed, the CDC agreed to restore the misappropriated funds and to institute measures which would prevent recurrences (37). According to the U.S. Government General Accounting Office (38): “ at CDC, the lengthy and uncertain process for allocating CFS funds to the branch responsible for most of the CFS work has resulted in delays in undertaking particular projects; … further, CDC's redirection of funds has resulted in reductions in CFS resources that have impeded the agency's CFS research…coordination between CDC and NIH and their use of input from external researchers and patient advocates in developing agency research programs have been limited.”

From the mid-1990's until this year, there have been signs of increased interest of the federal government in ME/CFS: In 1997, the Chronic Fatigue Syndrome Coordinating Committee, composed of researchers, clinicians and patient advocates, was formed and tasked with advising the U.S. Secretary of Health and Human Services on matters related to ME/CFS (39). In 2003, the Coordinating Committee was replaced by the Chronic Fatigue Syndrome Advisory Committee (CFSAC) (40). In 2006, then Director of the CDC Julie Gerberding launched a, “Spark Awareness,” campaign for ME/CFS which included a ME/CFS public awareness campaign, and the distribution of a CFS Toolkit for Health Care Professionals to aid in the diagnosis and treatment of ME/CFS (41). However, despite those efforts, the recent studies of Tidmore et al. (42) and Sunnquist et al. (43) have shown that definitive care of persons with ME/CFS in the United States is still lacking.

In 2014, the Department of Health and Human Services issued a $1 million contract to the Institute of Medicine (IOM) for a report (44) on specific aspects of ME/CFS. The IOM Report (1) finds the federal response to ME/CFS deficient. In response to that report, both the National Institutes of Health (NIH) and the CDC promised to modify and enhance their ME/CFS programs, and to correct the deficiencies identified in the IOM report. A long-term plan or commitment which addresses all of the concerns raised in the IOM report has yet to be announced. Wadman (45) reported in Science magazine that NIH spending for ME/CFS would double, and NIH would solicit proposals for basic and clinical research centers. The CDC is revising and creating new educational materials for its ME/CFS web pages. The revised pages are pledged to reflect the content and recommendations of both the IOM report and the CDC's ME/CFS stakeholders' meeting held in September, 2016 (46).

While these are indications of improved attitudes toward ME/CFS in two key agencies of the U.S. federal government, there remain indications that the federal government has not fully embraced or accepted ME/CFS for the pathophysiological disease that it is: By its own admission, the NIH intramural, Clinical Center study of ME/CFS and an NIH-sponsored Pathways to Prevention meeting (47) were prompted by the 2015 IOM report. The recommendations of the Chronic Fatigue Syndrome Advisory Committee from its first research recommendation in 2004 to the date of publication of the IOM report were apparently insufficient to motivate the NIH to increase ME/CFS extramural funding or establish an intramural clinical program. An increase in research funding was attained subsequent to the IOM report (48). However, until 1999, NIH implied that ME/CFS is a women's disease (which it is not) by running its ME/CFS programs out of the Office of Research on Women's Health (49). A recent study finds 35 to 40 percent of adults diagnosed with ME/CFS are men (50) This fall, the Secretary of Health and Human Services decided to not renew the charter of the Chronic Fatigue Syndrome Advisory Committee stating the goals of the Advisory Committee had been achieved (51).

The U.S. government allocates far fewer research dollars for ME/CFS than it does for other chronic diseases of commensurate severity. For example, the estimated 2018 research expenditure for HIV/AIDS in the United States is $2.2 billion (52). With an estimated 1.1 million HIV/AIDS patients living in the U.S (53), the research expenditure per patient is $2,000. If the IOM report is correct, there may be more than double the number of ME/CFS patients living in the U.S. The ME/CFS research expenditure for FY 2017 was $13,967,704 (54), resulting in $5.58 spent per patient. The federal government spends 357 times more on HIV/AIDS research than on ME/CFS. The IOM report states, “The committee was struck by the relative paucity of research on ME/CFS conducted to date…” (1).

The federal government allocates more resources for orphan diseases—diseases that affect < 200,000 U.S. citizens—than it does for ME/CFS. The NIH orphan diseases program provides services which include a centralized database, liaison services, consortia funding and a contact registry (55). None of these services are provided for ME/CFS by any federal agency.



THE PRESENT

ME/CFS is a worldwide disease. The reported prevalence of ME/CFS varies in different parts of the world. Son (56) searched prevalence studies in the literature and found prevalence studies from 13 countries. Within-country prevalence ranged from 0.0004 percent in Australia to 3.6 percent in the United States. Adolescent prevalence ranged from 0.9 percent in the United Kingdom to 0.11 in the Netherlands.

ME/CFS may affect up to 2.5 million Americans (1). An estimated 25 percent of ME/CFS patients have severe ME/CFS, i.e., are either house- or bed-bound at some point in their lives (57). ME/CFS patients need more care than patients with many other illnesses (1). Yet, there are regions in the United States where they do not receive any specialized, medical care (43). There is no laboratory test or diagnostic marker for ME/CFS (58). There is not one FDA-approved drug for the treatment of ME/CFS (59). In contrast, there are approximately 40 FDA approved drugs for the treatment of HIV/AIDS (60). And there is obviously no cure for ME/CFS (59).

Three recent documents, authored by the federal government itself, suggest the need for increased federal participation in the ME/CFS Agenda: (a) the Institute of Medicine Report (1), (b) the NIH Pathways to Prevention Report (61), and (c) the NIH State of Knowledge Workshop Report (62). In addition to documenting the discrimination experienced by ME/CFS patients, the clinicians who treat them, and the researchers who study their illness, the NIH State of Knowledge Workshop Report also identified a need for more interdisciplinary research, more researchers, and translational research, defined as starting at the bedside, going to the laboratory bench, and back to the patient again (63).

There are other reasons to increase federal support for ME/CFS research and patient care: (1) The federal government has an obligation to provide fair opportunity to all persons and eliminate impediments to fair opportunity: “No persons should be denied social benefits on the basis of underserved disadvantageous properties” (64). This concept of “fair opportunity” has led to calls to eliminate health disparities (65, 66).

(2) The federal government has an obligation to treat ME/CFS patients because they constitute a medically underserved population. ME/CFS patients qualify as a medically underserved population by virtue of geographic and financial barriers to care (42). Both Tidmore et al. (42) and Sunnquist et al. (43) found: (a) areas of the United States in which there are no ME/CFS specialized care providers, (b) areas in which there are an inadequate number of specialized care providers, (c) areas in which there are an inadequate number of knowledgeable primary care providers, and (d) a national lack of educational opportunities for physicians and medical students to obtain the didactic and clinical experience necessary to diagnose and to treat ME/CFS.

(3) The U.S. government has the ability to initiate a national, federal, healthcare program for an identified, disabled, patient population within the United States, a population that otherwise lacks equal access to healthcare and, therefore, represents a medically underserved population (67). These arguments were part of the justification for establishing multiple Centers of Excellence for ME/CFS in the United States, presented at the Chronic Fatigue Syndrome Advisory Committee meeting held May 17-18, 2016 and incorporated into recommendations submitted to the Office of the Secretary of Health of the United States (68). Currently, there is not one, federally sponsored or supported ME/CFS clinic in the United States.

The IOM report (1) held the promise of being a watershed moment for ME/CFS: A prestigious, independent, scientific body declared ME/CFS a disease, and the government response to it, inadequate. Thus, far, the responses of both the NIH and the CDC are not commensurate with the severity of the disease nor the number of people affected: Were the federal government to address the current needs of the ME/CFS community, it would need to provide ME/CFS funding commensurate to that of other diseases of similar severity that impact a similar number of patients (as, for example, HIV/AIDS). There would need to be commensurate numbers of treatment centers staffed by physicians capable of providing definitive care.

It has been 3 years since the publication of the 2015 IOM report. Were the IOM report to have had impact, there would be an increase in ME/CFS research, and an increase in public awareness of ME/CFS subsequent to the publication of the report. Such desired increases are not apparent in an examination of the number of research articles published per year in the scientific literature or in the number of articles published per year in the lay literature before and after the 2015 IOM report. These conclusions were reached by determining the number of ME/CFS citations per year in the scientific and lay literature before and after the IOM report. To ascertain the number of articles in the scientific literature, PubMed was queried searching article titles for any of the terms used as names for ME/CFS (myalgic encephalomyelitis, chronic fatigue syndrome, ME/CFS, CFS/ME, CFS, SEID, systemic exertion intolerance disease). Results are shown in Table 1.



Table 1. ME/CFS publications/year in the scientific literature.
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To determine if the IOM report had impact on public awareness, the lay literature was similarly searched utilizing two databases: Proquest U.S. Newstream and EBSCO's Academic Search Premier. Newstream is described as a database covering newspapers, news websites, blogs, and many national and regional titles. Academic Search is described as an interdisciplinary database of newspapers, magazines and journals. The results of querying these two databases are shown in Table 2.



Table 2. ME/CFS publications/year in the lay literature.
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The hoped for increases in research publications and/or public awareness as expressed as increases in number of articles in the scientific or lay literature, subsequent to the publication of the IOM report, have not occurred 3 years after the publication of this report.



THE FUTURE

The goals of ME/CFS researchers, healthcare providers, and patients are the same as the goals of others confronting different chronic, debilitating disease: the availability of palliative if not curative treatment, an understanding of the etiology of the disease, development of therapeutic agents specific for the disease, and the development of a vaccine or some other preventative measures. The IOM report (1) concludes that progress in these areas has been disappointingly slow. That opinion is supported by comparing the progress made in the research, treatment and prevention of ME/CFS to that of HIV/AIDS.

At the current time, a comparison between treatment and care of HIV/AIDS patients and ME/CFS patients is reasonable. Both are chronic conditions, with immunological underpinnings. However, whereas HIV (human immunodeficiency virus) has been identified as the cause of AIDS (69), several viruses (e.g., Epstein-Barr, Ross River, and Coxiella burnetti) are associated with the onset of ME/CFS (70). And there are reports of non-viral, physiological abnormalities which may trigger or contribute to the symptoms of ME/CFS (71). It is therefore possible that identifying the causative agent or agents for ME/CFS may take longer than the time needed to discover the AIDS virus. But whereas the HIV/AIDS virus was discovered within a decade, it has been more than eight decades since the description of ME/CFS, and the causative agent or agents have yet to be identified. In the United States, the latest CDC estimate of HIV/AIDS patients suggests that there may be twice as many ME/CFS patients [2.5 million estimated in the IOM report (1)] as HIV/AIDS patients [estimated to be 1.1 million patients by the (72)].

While HIV/AIDS was far more devastating than ME/CFS when the disease was first described, it no longer is. At this point in time it is comparable or less severe than ME/CFS for the majority of patients as attested to by Drs. Peterson and Klimas - two physicians who are well experienced in the treatment of both (22, 23).

At the onset of the AIDS epidemic, the diagnosis of AIDS was a death sentence (73). Today, a 20-year-old, infected with HIV, if appropriately treated, is expected to live into his/her 70's (74). AIDS advocacy (the AIDS Movement) was able to bring U.S. federal spending for AIDS to $3 billion/year, stimulate the development and distribution of 33 drugs in 7 seven different categories for the treatment of AIDS, and transform AIDS from a death sentence to a chronic, treatable condition (75). Many of those gains for HIV/AIDS patients continue today (76).

The accomplishments of the AIDS Community are enviable. From the first report of what would be named HIV/AIDS on June 5, 1981 (77):

• a Congressional Hearing on AIDS was held in <1 year's time.

• $5 million was given to the CDC for surveillance and $10 million given to the NIH for research <6 months later.

• A clinic dedicated to the treatment of AIDS patients opened approximately 1.5 years after the first reporting.

• The World Health Organization held its first AIDS meeting and began global surveillance for HIV/AIDS <3 years after the first reporting.

• The cause of HIV/AIDS was announced by the National Cancer Institute 3 years after the first reporting.

• The first, specific therapeutic drug (antiretroviral agent) was approved 6 years after the first case report of AIDS.

• The Surgeon General mailed 107 million copies of a booklet, “Understanding AIDS,” to American households 7 years after the first case report.

• The Food and Drug Administration (FDA) permitted the importation of unapproved drugs for the treatment of HIV/AIDS 7 years after the first case report.

• The United Nations (UN) and World Health Organization (WHO) supported World AIDS Day 7 years after the first case report.

• Health Resources and Services Administration (HRSA) awarded HIV planning grants for, “systems of care,” 7 years after the first case report.

All this was accomplished by a living HIV/AIDS population in the United States of under 100,000 patients (78).

Despite HIV/AIDS currently being considered a manageable disease, the proposed U.S. HIV/AIDS budget for 2018 was $32 billion of which 85 % ($20.7 billion) was for domestic care and treatment programs, 9% ($3.1 billion) for domestic care and housing assistance, 7 % ($2.2 billion) for domestic research, and 2 % ($0.7 billion) for domestic prevention (52). There are no domestic care, treatment, prevention, or housing programs for ME/CFS patients. For ME/CFS, a disease estimated to have more than double the number of patients, and with a quality of life judged to be as or more diminished than that of HIV/AIDS, the disparity in patient care and patient benefits is unsettling.

AIDS patients were identified in 1981 and the virus causing AIDS was identified in 1984 (79). NIH expenditure for AIDS research for the period of 1981–1984 was $132,881,000 [calculated from Table 4.2, (80)]. Knowing that AIDS is caused by a single virus, whereas multiple viruses and other triggers precipitate ME/CFS, the research expenditure likely needed to determine the etiology of ME/CFS will be equal to or greater than the research expenditure required to determine the causal agent of AIDS. The federal government and the patient community need to be aware of the probable cost of identifying the causal agent or agents of ME/CFS.

The accomplishments for and by the HIV/AIDS Community, while attributed to HIV/AIDS “activism,” (81) make it clear that the U.S. government could have done and still can do much more for ME/CFS. The accomplishments for and by the HIV/AIDS Community may suggest goals for the ME/CFS Community. A lack of parity of research and benefits is logically and ethically difficult to justify.

With the non-renewal of the Chronic Fatigue Syndrome Advisory Committee charter by the U.S. Secretary of Health (82), there is no formal venue in which the inequalities of ME/CFS research and treatment of ME/CFS patients can be addressed. But, knowing what has not worked for the ME/CFS Community in the past, and knowing what has worked for others who have suffered similar disparities in disease-specific healthcare and medical research, may prove helpful to the severely underserved ME/CFS Community.



AUTHOR'S NOTE

“Advances in ME/CFS Research and Clinical Care: Past, Present and Future” is a Perspective article written to be the first article appearing in “Advances in ME/CFS Research and Clinical Care,” the invited, themed issue of Frontiers in Pediatrics of which I serve as Guest Editor. The purpose of the article is to provide the reader with background knowledge helpful for better appreciating the subsequent articles in the journal issue. Although what we currently call ME/CFS was described by the forerunner of the Centers for Disease Control and Prevention (in the United States) in the 1930's, it has been mischaracterized until 2015, when the Institute of Medicine declared the symptoms of the syndrome so severe, and the research supporting pathophysiological underpinnings of the syndrome sufficiently substantial, to declare the illness a disease.

The history of ME/CFS up to the publication of the IOM report is quite similar to the history of HIV/AIDS which was first identified in the early 1980's. However, the path or time to acceptance of HIV/AIDS as a “real” disease, and the development of drugs and treatment for it, have been far shorter.

A comparison of the two diseases is, therefore, inevitable, logical and useful.
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Background: Epidemiologic studies of myalgic encephalomyelitis/ chronic fatigue syndrome (ME/CFS) have examined different aspects of this disease separately but few have explored them together.

Objective: Describe ME/CFS onset and course in one United States-based cohort.

Methods: One hundred and fifty subjects fitting Fukuda 1994 CFS criteria completed a detailed survey concerning the initial and subsequent stages of their illness. Descriptive statistics, graphs, and tables were used to illustrate prevalence and patterns of characteristics.

Results: The most common peri-onset events reported by subjects were infection-related episodes (64%), stressful incidents (39%), and exposure to environmental toxins (20%). For 38% of subjects, more than 6 months elapsed from experiencing any initial symptom to developing the set of symptoms comprising their ME/CFS. Over time, the 12 most common symptoms persisted but declined in prevalence, with fatigue, unrefreshing sleep, exertion-related sickness, and flu-like symptoms declining the most (by 20–25%). Conversely, cognitive symptoms changed the least in prevalence, rising in symptom ranking. Pregnancy, menopause, and menstrual cycles exacerbated many women's symptoms. Fatigue-related function was not associated with duration of illness or age; during the worst periods of their illness, 48% of subjects could not engage in any productive activity. At the time of survey, 47% were unable to work and only 4% felt their condition was improving steadily with the majority (59%) describing a fluctuating course. Ninety-seven percent suffered from at least one other illness: anxiety (48%), depression (43%), fibromyalgia (39%), irritable bowel syndrome (38%), and migraine headaches (37%) were the most diagnosed conditions. Thirteen percent came from families where at least one other first-degree relative was also afflicted, rising to 27% when chronic fatigue of unclear etiology was included.

Conclusions: This paper offers a broad epidemiologic overview of one ME/CFS cohort in the United States. While most of our findings are consistent with prior studies, we highlight underexamined aspects of this condition (e.g., the evolution of symptoms) and propose new interpretations of findings. Studying these aspects can offer insight and solutions to the diagnosis, etiology, pathophysiology, and treatment of this condition.

Keywords: chronic fatigue syndrome, myalgic encephalomyelitis, epidemiology, onset, course, systemic exertion intolerance disease, natural history


INTRODUCTION

Myalgic encephalomyelitis/ chronic fatigue syndrome is a complex, disabling, chronic illness that is estimated to affect from 0.76 to 3.28% (1) of the population worldwide and up to 2.5 million US residents (2). Although the average age of onset is in the 30 s and women are affected at two to three times the rate of men, CFS can occur at any age, also strikes children, and, contrary to its early nickname, “yuppie flu,” may disproportionately affect certain ethnic minorities as well as lower socio-economic classes (2–4). Severe fatigue accompanied by musculoskeletal pain, headaches, sore throat, tender lymph nodes, concentration/ memory difficulties, unrefreshing sleep, exacerbation of these symptoms with minimal physical, or cognitive exertion (termed post-exertional malaise), and orthostatic intolerance results in patients suffering a substantial reduction in function from their pre-illness state (5, 6). Rates of unemployment can be as high as 81% (7) while ~25% of patients may be homebound or bedridden (8). Function and health-related quality of life scores have been shown to be lower than that of patients affected by multiple sclerosis, rheumatoid arthritis, congestive heart failure, and myocardial infarction (9–11). Despite these serious public health implications, after 3 decades, we still do not know what causes ME/CFS nor do we have established objective diagnostic tests or a single FDA-approved treatment (6). Since the median rate of full recovery is only 5% (12), many patients remain ill for years to decades, costing the US ~$18–$54 billion annually from both direct medical costs as well as lost productivity and taxes (13).

Prior studies have documented various aspects of ME/CFS including onset of illness (14, 15), symptoms (6), function (16, 17), course (18–24), co-morbidities (25–29), and family history (30–36). However, these studies have tended to focus on one or a few clinical characteristics. Alternatively, epidemiologic results from one cohort, like the US Centers for Disease Control and Prevention's Wichita ME/CFS group, are dispersed among several articles (21, 23, 37, 38). Consequently, the clinical picture of ME/CFS has had to be pieced together from studies that may have very different subjects or across multiple articles originating from one group of subjects. The few studies that have attempted to give a broad-based overview of one cohort in one article have been based in Europe, Australia, and Japan but not in the United States (39–43). Juxtaposing different aspects of ME/CFS together in one paper might allow researchers and clinicians to see connections among the aspects more easily. Secondly, commonly referenced concepts have not always been clear. For example, many studies classify subjects as having either an “acute”/ “sudden” or “gradual” onset of illness yet most do not define the time period meant by such terms. Researchers, subjects, and article readers might interpret the same term to mean different lengths of time. Third, some aspects of ME/CFS have not been examined in detail. For example, very few papers have examined how symptoms changes over more than a few years and the effect of female reproductive hormonal events on the disease.

The objective of this study was to examine the different dimensions of ME/CFS together and fill in some of these gaps, by characterizing clinical aspects of ME/CFS in detail in one cohort of subjects based in the United States. This study will also serve as a reference for other papers derived from the same cohort (44, 45) exploring relationships among immunological, genetic, microbiological, and clinical characteristics of ME/CFS. Findings from this study may inform clinical care, help generate hypotheses about etiology, pathophysiology, diagnosis, and treatment, and assist in the design and implementation of future studies.



METHODS

From March 2010 to August 2011, 200 ME/CFS subjects were recruited as part of our GESID (Genetic Expression and Immune System Dynamics) study examining the interactions among pathogen presence and load, human leukocyte antigen (HLA) types, and the immune system in ME/CFS. Some subjects originated from Stanford University's ME/CFS Clinic or the Clinic wait list while others were recruited via local support groups and electronic patient forums. All subjects were screened using a standardized telephone interview and included if they fitted Fukuda 1994 CFS criteria, lived in the San Francisco Bay area, were at least 14 years old, were non-pregnant, and had not been exposed to more than 2 weeks of antimicrobials recently. Subjects were excluded from the study if they were affected by an alternative medical or psychiatric condition that could explain their symptoms, suffered from certain immunological conditions, struggled with substance abuse issues in the last year (not including nicotine/caffeine), received an influenza vaccination within the past 4 weeks, or had limited ability communicating in English.

Fatigue severity and impact on function were assessed using the Multi-dimensional Fatigue Inventory −20 (MFI-20) (46, 47) and the Fatigue Severity Scale (FSS) (48). The MFI-20 gives a total score (ranging from 20 to 100) as well as subscores related to 5 dimensions of fatigue (general fatigue, physical fatigue, reduced motivation, reduced activity, and mental fatigue, each ranging from 4 to 20). The FSS total score ranges from 1 to 7 and is an average of the score of 9 individual items, each also rated on a 1–7 scale. For both questionnaires, a higher number indicates a greater impact of fatigue on daily life.

In 2012, to further characterize our subjects, we used the Research Electronic Data Capture (REDCap)1 web application to design an online survey covering demographic traits, illness onset, symptoms, illness course, function, patient medical history, family medical history, social history, and medication use. Content, wording, and format of survey items were based on a review of the scientific literature, the authors' clinical/research experiences, and feedback from several patient volunteers. We included a 54-item symptom survey from the DePaul Symptom Questionnaire2 (DSQ), which was designed to elicit the wide range of symptoms known to occur in ME/CFS and has been used in multiple other studies. This project was reviewed and approved by the Stanford University Institutional Review Board.

The aforementioned 200 subjects were re-contacted via e-mail or telephone from January 2013 to July 2013 and asked if they wished to participate in the survey. Written consent was obtained. Those expressing interest were given an individualized secured hyperlink to access the survey; if they could not finish it in one session, they were given a code so they could complete it in as many sessions as they needed. A paper version of the survey was also offered to participants who expressed technical or cognitive difficulties with the online survey. After completion, subjects submitted the survey electronically or mailed the survey back to staff.

Next, survey data were stripped of identifying information per the Health Insurance Portability and Accountability Act (HIPAA) Privacy Rule and exported to create a database. We used Microsoft Excel 2016 to generate histograms, scatterplots, and descriptive statistics (frequencies, percentages, mean, medians, standard deviation). To assess for differences between groups and for relationships among variables, we calculated chi-square statistics for categorical variables and Welch's t-test for continuous variables using the online program GraphPad3 A two-tailed p-value of equal or <0.05 was deemed to be statistically significant.



RESULTS

A total of 150 subjects participated in the survey, equivalent to a 75% response rate. Responders were more likely to be Caucasian (95 vs. 84%, p = 0.04), female (80 vs. 66%, p = 0.05) and to be affected by sore throats or post-exertional malaise (respectively, 67 vs. 48%, p < 0.01; 98 vs. 92%, p = 0.04) than non-responders. No statistically significant differences existed otherwise in terms of age, duration of illness, fatigue severity, self-rated physical/cognitive functioning, prevalence of viral onset, or prevalence of minor Fukuda case definition symptoms (data not shown).

Eighty-four percent of the subjects (n = 126) completed the survey online. The number of subjects completing each survey item varied as some might not have remembered what had occurred previously or were unsure of their answers. However, for almost every item except one item concerning the onset date of their illness (see next section), more than 92% of the subjects were able to give an answer and only 5 subjects did not complete extensive, contiguous parts of the survey. For all items, statistics were performed based on the number of subjects answering that specific item.



DEMOGRAPHICS

Eighty-one percent of respondents (n = 121) were female while 19% were male. An overwhelming 97% of subjects were Caucasian with the remaining subjects identifying themselves as African-American (1%, n = 1), Hispanic-American (1%, n = 2), and Asian-American (2%, n = 3). The median age (standard deviation) of respondents was 53.7 ± 12.4 years (range, 20–75 years of age). Six subjects (4%) could not remember a time in their lives that they had not been sick and 18 subjects could not give an approximate time their illness began. Thus, duration of illness and age of onset could not be determined for these 24 (15%) subjects. Based on available data, the median age of illness onset was 36.6 ± 12.3 years and median duration of illness was 12.5 ± 10.1 years.



ILLNESS ONSET

Most subjects (90%, n = 135) could remember a time before they were sick and 85% (n = 123) noted a specific time their illness began. When asked if they believed a specific factor precipitated their illness, 88% (n = 132) answered affirmatively or possibly.

Although we offered 14 different factors that could be associated with onset, 61% of subjects selected only one or two factors. We chose to group subjects who responded “yes” or “not sure” (vs. a clear “no”) together as illness onset has not been examined in detail and we wanted to include all possibilities. The top five factors selected were infectious illnesses (64%), stress/ major life events (39%, primarily work- or family-related), exposure to chemical/ environmental toxins (20%), recent international travel (19%), and recent domestic travel (17%) (Table 1).



Table 1. Factors reported by subjects to be associated with their ME/CFS onset.
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Of the 40 individuals selecting only one factor, 58% chose an infectious event compared to 22% choosing a life event. An “other” category, selected by 17% (n = 22), was also included so subjects could write in responses: 36% of these were still infection-related events with the subject also checking the “infectious illness” category. Four percent of subjects cited none of the factors listed and did not write down a specific factor.

Infectious illnesses were further broken down into the type of infectious illness (Table 2). A little over a third of subjects (35%) reported documentation of a specific acute infection; the most common infection-related symptoms were respiratory-related (39%; sore throat, runny nose, cough, etc.) followed closely by constitutional symptoms (33%; fever, chills, etc.). Except for one case, all subjects first fell ill while in the United States.



Table 2. Subject-reported infectious events related to ME/CFS-onset.
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Half of the subjects (N = 13 out of 26) selecting a toxic or chemical trigger did not cite a specific substance but described workplaces, living situations, or hobbies which might have exposed them to unusual levels of various solvents, animal droppings, metals, dust, asbestos, or volatile organic compounds. Six subjects wrote down “mold” but did elaborate further. Subjects traveled widely and no specific portion of the United States nor of the world stood out. Most did not become ill until after returning to the United States. Activities engaged in while traveling included work, visiting family, seeing tourist sites, and participating in outdoor sports. A few noted they recovered from their travel-related illness only to become sick again later (so it was unclear whether ME/CFS was related or not to their travels) while others indicated travel companions did not become sick.

Table 3 shows that the time from the first intimation of illness to becoming consistently sick varied greatly: while 28% endorsed an onset period of a month or less, 38% noted it took over 6 months. Subjects who reported an infectious precipitant were no more likely to develop ME/CFS within 1 month or within 6 months compared to those who noted no infectious precipitant (respectively, 14 vs. 21% and 51 vs. 43%, 0.05 < p-value).



Table 3. Elapsed time from any initial symptoms to consistent illness.
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The second column of Table 4 shows the 12 most prevalent symptoms, out of the 54 elicited by the DSQ, during the first 6 months of illness. Although fatigue/extreme tiredness, endorsed by 97% of subjects, was the most common symptom, five of the remaining symptoms were associated with physical/ cognitive exertion (range 73–85%) and 3 involved cognitive dysfunction (72–76%). Unrefreshing sleep (92%), flu-like feelings (70%), and muscle pain (76%) also figured prominently.



Table 4. Prevalence and ranking of the most common 12 symptoms during the first 6 months of illness, after the first 6 months, and at the time of surveya.
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We also asked about the existence of several symptoms that were not included in the DSQ or the Fukuda 1994 criteria but are part of newer criteria like the Systemic Exertion Intolerance Disease/ National Academy of Medicine definition (6), Canadian Consensus Criteria (CCC) (49), and Myalgic Encephalomyelitis-International Consensus Criteria (ME-ICC) (50). Sixty-two percent of subjects reported fainting or near-fainting episodes, 66% were less able to tolerate alcohol compared to their pre-illness state, and 81% felt sick or uncomfortable waiting in lines. All three symptoms are characteristic of orthostatic intolerance. Compared to before the onset of their CFS, 32 and 52% of subjects, respectively, felt they were more prone to viral infections or took a longer time to recover from infections. Eighty-seven percent experienced problems with temperature regulation, especially when the weather was unusually hot or cold.



ILLNESS COURSE

For the overwhelming majority of patients (96%, n = 141), their illness did not improve with time although different patterns of illness were seen: 14% of subjects believed their illness was constantly worsening; 7%, relapsing-remitting (all symptoms might disappear for a time only to return); 8%, persisting with little change; 59%, fluctuating (symptoms could change in severity but were always present) and 7%, “other” pattern, although the most common response here was analogous to the “fluctuating” pattern with some symptoms worsening while others improved over time. Thirteen percent of subjects reported that they experienced remissions (i.e., no symptoms) of more than a month during their years of illness. The median duration of remission was 7 months with the range being from 1.5 to 240 months.

The symptomology of the illness generally remained unchanged with 9 of the top 12 symptoms present at the beginning of the illness continuing to stay in the top 12 after the initial 6 months and up to the time of this survey more than a decade into illness (Table 4). However, the prevalence of all 12 symptoms decreased over time and three symptoms (“flu-like feelings,” “'dead' or “heavy' feeling after starting to exercise,” “pain or aching in your muscles”) dropped out of the top 12 to be replaced by “absentminded or forgetfulness,” “only can focus on one thing at a time,” and “sensitivity to noise.” Over time, flu-like symptoms, fatigue, unrefreshing sleep, and exertion-related items decreased the most, by between 12 and 25%. For flu-like issues, 55% believed their disappearance to be spontaneously induced whereas for fatigue, exertion-related items and unrefreshing sleep, 72, 50–73, and 90%, respectively, attributed their decline to specific treatments. Cognitive symptoms present at the beginning of the illness tended to persist, declining by only 4–10%.

Like the section regarding illness onset, we presented subjects with the same 14 factors and asked which factors they believed might have affected their illness course significantly. The two most-cited factors were infectious illnesses (33%) and stress/ major life events (29%) but a quarter of our subjects cited none of the factors nor wrote in any factors (Table 5). Female subjects were also queried about whether and how specific hormone-related events in their lives affected their symptoms (Figure 1). A significant percentage of women felt that pregnancy (42% overall), menopause (38%), and monthly menstrual cycles (53%) negatively impacted their illness. In contrast, hormone-based contraception and replacement therapy were only cited by 11% as having a deleterious effect with about three-fourths of women citing no effect on their ME/CFS symptoms.



Table 5. Subject-reported factors which affected the course of illness.
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FIGURE 1. Impact of hormonal events on ME/CFS in women. Only subjects identifying themselves as female were asked these items. 120 out of 121 women responded. The number answering for each event varies depending on both response rate and each woman's circumstances. “Exogenous hormone administration” refers to any form of reproductive hormones (e.g., pills, patch, implants, etc.) taken for contraception, relief of menopausal symptoms, or treatment of any medical condition.





FUNCTION

The 1994 Fukuda CFS criteria requires that “fatigue results in substantial reduction in previous levels of occupational, educational, social, or personal activities.” This level of functional impairment was reflected via the various ways we assessed the impact of ME/CFS on subject's lives. Almost all of our subjects (92%, n = 138) believed that the illness had reduced their function by 50% or more; only 15% were able to work more than 30 h a week whereas 47% had been designated as permanently disabled from work.

Figure 2 illustrates functional level, as assessed by ability to carry out work, school, family, and other responsibilities during various periods of an individual subject's illness. For most of their illness, 82% were unable to work or attend school full-time (functional levels 1–4). During the worst periods, nearly half (48%) were confined to their beds or could not engage in any productive activity (functional level 1). Even during their best periods, only about a third of subjects were able to engage in their work or school full-time, albeit it often still meant they had to sacrifice participating in other aspects of life.
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FIGURE 2. Self-reported functional level during various periods of illness. Numbers 1–7 on x-axis correspond to the following functional levels: (1) I am not able to work, go to school, or do anything, and I am bedridden. (2) I can walk around the house, but I cannot do light housework. (3) I can do light housework, but I cannot work or go to school part-time. (4) I can only work part-time at work or school or on some family responsibilities. (5) I can work or go to school full time, but I have no energy left for anything else. (6) I can work or go to school full time and finish some family responsibilities but I have no energy left for anything else. (7) I can do all work, school, or family responsibilities without any problems with my energy.



The mean FSS score of our subjects was 5.9 ± 1.1. The mean MFI-20 scores and standard deviations were: total, 73.8 ± 13.6; general, 17.2 ± 3.0; physical, 16.6 ± 3.3; mental, 13.6 ± 4.2; reduced activity, 15.2 ± 4.1; and reduced motivation, 10 ± 4.4. Scatterplots of the total MFI-20 score and total FSS score vs. duration of illness (Figure 3) and age of the subject (Figure 4) show little correlation with R-squared values ranging from 0.0106 to 0.0234.
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FIGURE 3. Fatigue questionnaire scores vs. duration of illness. Each point represents one subject. (A) Total Multi-dimensional Fatigue Inventory-20 (MFI-20). (B) Average Fatigue Severity Scale (FSS) scores.
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FIGURE 4. Fatigue questionnaire scores vs. age of subject. Each point represents one subject. (A) Total Multi-dimensional Fatigue Inventory-20 (MFI-20). (B) Average Fatigue Severity Scale (FSS) scores.





PERSONAL MEDICAL HISTORY

From a list of 43 different medical and psychiatric conditions, including those purported to frequently co-exist with ME/CFS, subjects indicated which conditions they had been diagnosed with by a healthcare professional. They suffered from a median of 7 ± 4.2 conditions with over 50% of the subjects citing any chronic condition as unresolved. Almost all subjects (97%) suffered from at least one other medical condition and 64% divulged at least one psychiatric condition.

The 15 most prevalent conditions are shown in Table 6: anxiety (48%), depression/ seasonal affective disorder/ dysthymia (43%), fibromyalgia (39%), irritable bowel syndrome (38%), and migraine (37%) comprised the 5 most common chronic diagnoses. Past history of varicella zoster infection and symptomatic infectious mononucleosis episode occurred in 82% and 37% (70% noted Epstein-Barr mononucleosis and 17% cytomegalovirus), respectively, while 27% carried a diagnosis of an autoimmune condition. Cancer afflicted 8% but was not among the top 15 conditions. Only 14% cited any history of post-traumatic stress disorder (data not shown).



Table 6. Most common co-morbid medical and psychiatric conditions reported by our subjects with ME/CFSa compared to the general United States population and previously published prevalence among ME/CFS subjects.
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FAMILY MEDICAL HISTORY: FIRST DEGREE RELATIVES

Thirteen percent recounted at least one first-degree relative (FDR, e.g., blood-related father, mother, sibling, child) who was also diagnosed with ME/CFS and 21%, at least one FDR affected by “chronic fatigue of unclear etiology.” In total, 27% of subjects came from families with FDRs affected by ME/CFS or “chronic fatigue of unclear etiology.” Thirty-five percent of subjects also described at least one FDR afflicted by an autoimmune disorder.



MEDICATIONS

Table 7 shows the five most common categories of medications and specific medications taken by this cohort. Medications included prescription and over-the-counter drugs as well as herbal preparations, vitamins and other supplements. Approximately or slightly over 50% of our subjects took a medication regularly or occasionally to manage symptoms related to sleep, pain (not including migraine headaches), and endocrinological issues. Mood and gastrointestinal symptoms were also noteworthy with about one-third of subjects taking medication to cope with these categories of symptoms.



Table 7. Most common medication categories and specific medicationsa used by our subjectsb.
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The most prevalent specific medications matched those of the medication categories. Four of the top five medications addressed sleep (melatonin, zolpidem) or pain (ibuprofen, acetaminophen) while levothyroxine was prescribed presumably for hypothyroidism. Approximately a quarter of our subjects wrote in a medication other than those listed to treat their sleep and gut symptoms. However, no single written-in treatment was used by a significant number of subjects.



DISCUSSION

This is the first publication to give a broad epidemiologic overview of a US-based, ME/CFS cohort within one paper. While our findings concerning onset, course, function, co-morbid conditions, and personal as well as family medical history are consistent with those of prior studies, we hope to highlight under-examined aspects of this condition: (a) onset is most commonly gradual and precipitated by an infectious incident with stressful/ major life events as the next most frequent precipitant; (b) problems with prolonged standing, alcohol consumption, and temperature regulation, which all may be related to circulatory impairment, are common; (c) while other symptoms may decline over time, cognitive symptoms tend to persist; (d) improvement in our cohort is rare but short, temporary remissions can occur in a minority of patients; (e) increasing age and illness duration do not necessarily portend worsening fatigue or function; (f) events associated with the female reproductive system can negatively impact ME/CFS in women; (g) patients with co-morbid medical or psychiatric conditions are the rule rather than the exception; and (h) ME/CFS, chronic fatigue of unclear etiology, and autoimmune conditions are common in family members. These findings have significant implications for the clinical care and research of patients affected by ME/CFS. We also supply information about medication usage for context.



A GRADUAL ONSET PRECEDED BY AN INFECTIOUS EVENT IS THE MOST COMMON PATTERN

The most common onset pattern was a distinct change in health heralded by an infectious event followed by a gradual progression to becoming consistently sick. Despite offering 14 possible precipitating factors and an open text box, almost two-thirds of our subjects selected only one or two factors. The top three factors were an infectious illness (64%), stress or a major life event (39%, e.g., occupational pressure, family illness, divorce), and exposure to an environmental/ chemical toxin (20%, with mold being the top answer written in) (Table 1). Stressful events were rarely chosen as the only precipitant though, endorsed only by 8% of our subjects, and appeared mostly in conjunction with infection or other precipitants. These results agree with prior studies: 49–93% of subjects reported an infection-like illness while 43–95% noted significant stress in the months or years preceding or surrounding the beginning of their illness (18, 41, 42, 52, 71–74). Becker (72) also found that 99% of their subjects chose only 1 or 2 factors and both he and Evans (52) showed <15% of subjects endorsed stress as the sole precipitant.

Since infectious events have been consistently found to be the foremost factor preceding ME/CFS retrospectively and prospective studies (14, 15) have confirm their progression to ME/CFS, this fact should be emphasized more in educational materials and case definitions. There are already two moves in this direction. The 2015 National Academy of Medicine criteria, also known as Systemic Exertion Intolerance Disease (SEID), incorporated failure to recover from infection as a secondary characteristic of ME/CFS (75) but perhaps this characteristic should be elevated to primary criteria. Lack of or incomplete recovery might provide a valuable clue in the diagnosis of ME/CFS for clinicians faced with a plethora of patients presenting with fatigue. Additionally, the National Institutes of Health have focused on post-infectious cases of ME/CFS in their intramural ME/CFS study (76) to try to decrease the heterogeneity of their research sample. Heterogeneity of study samples is widely acknowledged to be an obstacle for ME/CFS studies (77). As shown in Table 1, we believe that other precipitating factors should be explored. Nevertheless, materials which do not emphasize a post-infectious onset (78) or suggest that all precipitating events are equally common or relevant (79) make it more difficult for clinicians and researchers to discern ME/CFS from other medical conditions or situations.

For a third of subjects each, their preceding infectious event manifested as respiratory symptoms (e.g. sore throat, rhinorrhea, cough, etc.) or constitutional symptoms (e.g., fever, chills, muscle aches, etc.) while 35% claimed that a specific infection was documented (Table 2). This is comparable to Ramsey's early accounts (80) and Becker's (72) study where upper respiratory infections (URIs) were noticed to be the chief infectious event, followed by “flu-like illness[es],” and, trailing far behind, gastrointestinal infections. In our survey, gastrointestinal (GI) infections were also rare, endorsed only by 10% of those with an infection peri-onset and 6% overall (out of 150 subjects). This might clue clinicians in to a diagnosis of ME/CFS even without a specific pinpointed microbe as certain types of infections (e.g., prostatitis, urinary tract infections, etc.) seem much less likely to progress to ME/CFS.

However, respiratory symptoms should not lead researchers to assume that the common causes of URIs (e.g., rhinoviruses, coronaviruses) are implicated in ME/CFS. In 1998, White (81) demonstrated that URIs are much less likely to cause ME/CFS than glandular fever. The pathogens which have been linked to ME/CFS are extraordinarily adept at evading the usual immune defenses through, for example, intracellular or latent states (e.g., Coxiella burnetii, herpes family viruses). Thirty-five percent of our subjects noted documentation of an acute infection, higher than the 23% Salit (71) found. Unfortunately, our survey did not ask respondents to elaborate which initial infections they were diagnosed with, a shortcoming we hope to rectify in the future. Knowledge of which pathogens contribute to the establishment of ME/CFS may stimulate new ideas about disease pathophysiology and treatment.

The frequent presence of stressful/ major life events surrounding ME/CFS onset does not automatically mean that ME/CFS is caused by or perpetuated by psychiatric or psychological factors. Some researchers have proposed or supported psychogenic or psychosomatically-infused theories of ME/CFS which have led to therapies like cognitive behavioral therapy (CBT) and graded exercise therapy (GET). These treatments are predicated on the hypothesis that patients are overly anxious or fearful about normal bodily sensations per se or minor discomfort related to deconditioning and thus limit their activities (82). Both treatments have been shown to not only be much less effective than initially alleged (83) but to actively cause harm to patients (84). Metabolic studies provide objective evidence that patients' bodies are unable to routinely meet energy demands (85).

Other mechanisms may be responsible for the recurring association between stressful/ major life events and ME/CFS. One theory is that stress decreases the immune system's ability to fight off and contain infections (86). Some ME/CFS patients are significantly helped by administration of antivirals (87, 88) while other studies suggest deficient control of infections (89, 90). Alternatively, peri-onset stressful events might act as the “straw that broke the camel's back,” accelerating a pathological process which was already underway. A hallmark feature of ME/CFS is post-exertional malaise (PEM), a severe and often prolonged exacerbation of multiple symptoms (e.g., muscle pain, fatigue, problems thinking, sore throat) which is out-of-proportion to the physical, cognitive, emotional, or positional stressors triggering it (6, 44, 91). PEM can be triggered by activities of daily life (e.g., showering, cooking, reading, etc.) and is often deemed to be the most disabling ME/CFS symptom. Several studies provide evidence that ME/CFS patients' bodies react to these stressors abnormally. For example, compared to healthy people, the rise of serum cortisol and heart rate in response to, respectively, the stress of waking up (92) and aerobic exercise (93), are blunted in ME/CFS patients. Conversely, when the sympathetic nervous system involved in reacting to stress should be dampened, for example, during nighttime to facilitate sleep, its activity is instead elevated, possibly leading to another major ME/CFS symptoms, unrefreshing sleep (56, 94). Combining what is known about onset with these key symptoms suggests that a dysfunctional stress response system may play a major role in the pathophysiology of ME/CFS.

The stress response system in the human body depends on a complex interplay between the neurological, neuroendocrine, and endocrine systems (95, 96). Components involved in the response system include the prefrontal cortex, amygdala, hypothalamus, pituitary gland, sympathetic and parasympathetic ganglia and nerves composing the autonomic nervous system, and adrenal glands. The theory behind CBT depends on defects at the beginning of this system, i.e., the cognitive appraisal and interpretation of challenges. Consequently, it is believed if patients can decrease their fear and anxiety around activity and symptoms then their ME/CFS will be largely resolved. However, problems with any downstream component of the stress response system could also lead to poor adaptation and similar consequences. Autoantibodies to both adrenergic and cholinergic muscarinic receptors (97, 98), part of the signaling pathways in the sympathetic and parasympathetic nervous systems, have been found in a subset of ME/CFS patients. They may account for some patients' bodies reacting inappropriately to stressors. Other individuals' symptoms might instead stem from other components, like the hypothalamus or adrenal glands. Different, dysfunctional components of the stress response system may potentially generate different clinical presentations while still preserving the hallmark feature of PEM.

The aforementioned concepts are not entirely new. In 1995, to explain why 95% of their ME/CFS subjects endorsed a stressful event at onset, Dobbins et al. (73) initially advanced stress as a causative factor or as a byproduct of recall bias but then also considered that “the perception of stress is [also possibly] correlated with some other variable related to the pathogenesis of CFS.” These concepts are testable. By prospectively following adolescents stricken by Epstein-Barr mononucleosis, Katz et al. (99) have already demonstrated that autonomic dysfunction is predictive of ME/CFS several months later. Future studies could attempt to replicate Katz's study, especially in adults, after different types of infections known to be linked to ME/CFS, and in parallel with both subjective measures of challenges (whether physical, cognitive, emotional, or orthostatic) and objective measures of the stress response system (e.g., tilt table, serum cortisol levels, thermoregulatory sweat test, heart rate response to Valsalva maneuver).

Ideas about acuity and its link to infection should also be re-examined. Some past case definitions have included onset within a few hours or days as part of their criteria (100–102). In contrast, for the majority of our subjects, the first intimation of illness to full-blown ME/CFS often occurred over months if not years (Table 3). This is congruent with empirical data: while a few studies reported that around 60% and up to 91% of subjects disclose an “acute” onset (42, 52, 72), the majority of subjects (between 59 and 77%) in many studies describe a “gradual” onset. (37–39, 41, 103). Furthermore, many researchers do not define, are vague, are or inconsistent among themselves about what period of time (e.g., hours, days, weeks) is considered “acute.” When interviewed in detail by Evans et al. subjects choosing a “sudden onset” described time periods ranging from a few hours to a few years and interpreted the term to mean remembering a discrete onset date, experiencing a severe onset, or having an infection around the time of ME/CFS onset (52).

We also found that there was no link between subject endorsement of an infectious precipitant and the time span of ME/CFS development. Some believe that an acute onset is necessarily infectious or an infectious onset is necessarily acute (50). Past studies examining this relationship are mixed, with some agreeing (52, 72) and others disagreeing with our result (104). Clinically, one infectious yet gradual onset sequence we have observed is a stuttering pattern whereby a subject experiences a severe infection, returns to near-normal functioning, but then experiences recurrent infections over months to years, recovering less each time, before succumbing entirely to ME/CFS. Overall, we agree with Evans that onset patterns are complicated and that simple categories do not capture this complexity. In the meantime, researchers should be careful about mandating an acute onset in order for an individual to be diagnosed with ME/CFS and should not make assumptions about the relationship between duration of onset and etiology. Future studies need to be more precise about what they are studying: if it is about time, define the time periods; if it is about infection, ask about infection. Accurate representation of onset is important as it might provide the key to the pathophysiology of ME/CFS.



FURTHER EXPLORATION OF OTHER POTENTIAL TRIGGERS IS NEEDED

Twenty percent of our subjects noted that an exposure to a chemical or environmental toxin might have a played an initiating role in their illness. Two independent Australian research groups published similar results: in Clark et al. (41), 16% endorsed “exposure to environmental toxins” while in Johnston et al. 6% reported “mold”; 11%,“toxic chemicals”; 6%, “poor[ly] recycled air”; and 4%, “heavy metals” (42). In contrast, in Friedberg's US-based study, 44% of subjects perceived “toxic exposure” to be a source of their illness (18). It is unclear why Friedberg's study yielded double the percentages we and the Australians found. None of these researchers commented further on these findings in their articles.

Since this survey was constructed as a broad overview, we did not take a comprehensive history of possible exposures. Additionally, because the published literature in this area is sparse and composed of mostly case studies [e.g., (105, 106)], it is difficult to know what specific substances to concentrate on. Written-in responses from our subjects may provide leads but were too imprecise and disparate to draw any solid conclusions. Subjects' answers might also be influenced by, for example, recall bias, misattribution, other patients' accounts, and media outlets.

Nevertheless, given how often this topic has come up, it is an area deserving of more attention. One initial approach might be to formally survey clinicians about what external, non-infectious triggers they believe to be important. Patients could be asked if anyone around them suffers from similar symptoms and if there are places where or times (of the day, week, or year) when they recurrently feel better. These traits have been suggestive of an environmental factor in other medical conditions. If patients respond affirmatively, clinicians should take a more detailed occupational, residential, and avocational history. Establishing a causal link between a particular agent and a disease is challenging. Definitive answers are often impossible to obtain although well-designed toxicological and epidemiological studies performed in parallel can reach sensible conclusions (107).

We encountered similar issues with replies to our items regarding travel. Patients have occasionally stated that they became ill during or shortly after a trip or that they have a history of widespread travel. Many wonder whether their excursions have any relationship to their illness. Responses collected in this survey were too diverse to generate concrete hypotheses. It is also plausible that the unpredictability and hassles of travel itself (i.e., stress) instead of subjects' destinations were conducive to illness onset.



ALCOHOL INTOLERANCE, THERMOREGULATION, AND DIFFICULTIES STANDING STILL ARE COMMON SYMPTOMS

Our subjects confirmed the high frequency of symptoms often considered important features of ME/CFS by clinicians but not included in the 1994 Fukuda CFS criteria. The prevalence of alcohol intolerance (66%), difficulties managing temperature extremes (87%), and issues with standing (81%) are as high or higher than some of the top 12 symptoms in our Table 4. Additionally, they are within the range of prevalence figures found previously (Table 8): 45–80% for alcohol intolerance (57, 108–110); 54–80% for temperature control issues (16, 108, 109); and 81–95% for problems with remaining immobile in an upright position (111–113). Bansal has suggested that since alcohol intolerance is present in 80% of his ME/CFS patients, its occurrence should increase the likelihood of an ME/CFS diagnosis if there are any doubts otherwise (110). Based on his finding that 81% of ME/CFS patients demonstrated abnormal tilt table testing results, Lapp proposed that all patients should be questioned about orthostatic intolerance (111). The symptom most predictive of an abnormal test was not fainting/ near-fainting but inability to stand in place without getting sick.



Table 8. Prevalence of self-reported alcohol intolerance, thermoregulatory issues, and difficulty standing still in this and other studies.
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Dysfunction of the autonomic nervous system is one mechanism which may account for all three non-Fukuda symptoms. Without appropriate vasoconstriction and vasodilation of blood vessels by the autonomic nervous system, consistent blood pressure and body temperature may not be maintained, resulting in postural and thermoregulatory issues (114). Alcohol not only increases fatigue and disturbs cognition but also has been shown to exacerbate orthostatic intolerance (115), compatible with why some patients affected by ME/CFS would endorse problems with alcohol intake.

Currently, OI is already one of five symptoms highlighted by the NAM (6, 75) but intolerance to climatic shift is not. Both symptoms are included in the CCC (49) and ME-ICC (50) but buried in a long list of other symptoms and are optional. Emphasizing these symptoms would not be a new undertaking but actually a return to Dr. Melvin Ramsey's original conception of ME where “circulatory impairment” manifested as “hypersensitivity to climatic change,” insufficient responses to stress, and “dysfunction of the autonomic nervous system” (80) are repeatedly mentioned. These symptoms could be especially selected for when recruiting subjects so that they may be investigated further.



DISEASE COURSE

Over time, while individual symptoms or the disease overall might fluctuate and even remit temporarily, almost all of our subjects continued to be sick and disabled. During the first 6 months of the illness (Table 4), the most common symptoms were fatigue-, exertion-, sleep-, pain-, cognition- and flu-related, with over 70% of subjects endorsing these symptoms. Similarly, Evans found that exhaustion (57%), cognition (43%), headaches, pain, and sleep were the top symptoms at onset (52). As months and years passed, most symptoms remained among the top 12 most common symptoms even as the percentage of subjects experiencing any symptom declined. Feeling fatigued and unrefreshed after a night's sleep retained their ranking as the most and second most common symptoms. Because the declines associated with troubles paying attention, finding the right word and remembering things were relatively small (between 4 and 10%) compared with those of flu-like symptoms, dead/heavy feelings post-exercise, and muscle pain/ aches (between 17 and 25%), these cognitive symptoms rose in their ranking while the latter three fell off the most common dozen symptoms. Similarly, because of their low declines in prevalence (between 1 and 10%), three other cognitive symptoms (absentmindedness, inability to multi-task, and sensitivity to noise) joined the top 12 symptoms by the time of the survey.

Our results agree with two published studies examining symptoms in subjects who remained sick for over a decade. Sore throat and lymph nodes tenderness tended to improve the most over a mean of 15.4 years of illness (24). On the other hand, Friedberg noted that the third, fourth, and fifth most common symptoms in subjects sick for a median of 18 years were “forgetfulness,” “distractibility by noise,” and “concentration difficulty” (18). Additionally, when Friedberg analyzed which symptoms were significantly more frequent in these long-term subjects vs. his short-term subjects (median length of illness = 3 years), four out of the top five symptoms were cognitive symptoms. After a median of 12.5 years of sickness, we observed remarkably similar shifts in our study sample. Inability to multi-task rose from being the 22nd most common symptom to 8th most common; forgetfulness from 19th to 10th; and nose sensitivity from 15 to 12th. In contrast, Jason (19) found little change in prevalence when comparing Fukuda-associated symptoms assessed at two time points separated by a decade. Discrepancies in findings might be traced back to the cross-sectional vs. longitudinal design of studies, how subjects were selected, whether symptoms were inquired prospectively or retrospectively, varying follow-up times and the stage of subjects' illness when they were questioned. Ideally, research investigating evolution of symptoms should be prospective, longitudinal, and endure beyond a few years.

The reasons why symptoms fluctuated differed according to the individual symptom. Patients recounted that fatigue, post-exertional malaise, and unrefreshing sleep appear to be improved by treatment whereas flu-like symptoms abated spontaneously. This latter claim is supported by Lipkin et al. (116), who found that subjects ill for <3 years demonstrated more robust pro- and anti-inflammatory activity relative to subjects who had been ill longer. We did not ask patients specifically which treatments helped the most but use of a behavioral technique called pacing along with sleep medication are often deemed to be helpful among patients (16, 117). The stubborn presence of cognitive symptoms is concerning. Clinical trials targeting the cognitive symptoms of ME/CFS or including neurocognitive outcome measures are rare: both deficiencies need to be remedied.

The dominance of infections and stressful/ major life events as significant modifiers of disease course underscores the importance of these two factors (Table 5). The third most common answer, “None of the above,” was selected by a quarter of subjects and all other choices were selected by 11% or less of subjects. Intervening medical events (e.g., surgery, accidents, cardiac and neurologic disease) also, unsurprisingly, impacted the overall course of the disease. This result concurs with March et al. and others (24, 117, 118) who have shown that additional co-morbidities tended to worsen ME/CFS symptoms and function. The lack of long-term longitudinal studies means there is very little information about what issues or events influence disease course. Finding out more about this area may aid in understanding ME/CFS and bring up opportunities for secondary prevention (e.g., decrease functional decline). For example, Dr. Charles Lapp (119) has written previously on steps clinicians can take to prepare patients for and minimize the effects of surgery.

Surprisingly, about one-tenth of our subjects experienced complete cessation of their symptoms during their illness course even as their ME/CFS eventually recurred. Similarly, over a short follow-up period of 3 years, Nisenbaum et al. (21) found that about 10% of their subjects sustained “total” remission of at least a year's time. However, since remission was defined by operational criteria rather than direct questioning of their subjects, the authors believed that actual remission rates might be lower. In March's study (24) of long-term ME/CFS subjects, the prevalence of any remission was higher at 30% but they did not specific for how long symptoms were absent. While our median length of remission was 7 months, one subject noted normal health for a decade. This is not without precedent: online anecdotes (120, 121) support long intervening periods of good health between episodes of ME/CFS. These findings accentuate the importance of appropriate control subjects and extended follow-up times. Temporary disappearance of ME/CFS symptoms may confound the interpretation of interventional, longitudinal, and prognostic studies. With a few exceptions, most studies have lasted for <5 years when it is extremely common for study subjects to have been sick for more than a decade. Control subjects and protracted monitoring would help distinguish transient variations from long-term, lasting improvement.

Since the GEISD study was not set up to particularly assess prognosis, we cannot calculate a rate of recovery but the unrelenting illness course of our subjects is consistent with other studies. Only 4% of our subjects felt their medical condition was improving over time with 50% endorsing a fluctuating course. A 2013 survey (16) of 551 subjects found only 1.1% felt they were improving while 54.4% designated their course as “fluctuating/ remitting/ relapsing” and 27%, as “worsening.” Out of 14 subjects she interviewed in-depth, Evans et al. (52) found only 1 (7%) expressing continual improvement while Underhill's rate was 5% (35). These data comport with the low median recovery rate of 5% Cairns (12) found in their 2005 systematic review of prognosis. In individual studies, higher rates of recovery, up to 66%, have been documented but Friedberg et al. (122) as well as Jason (123) have questioned the validity of such figures since recovery definitions have tended to be limited, narrow, and/or unidimensional.



EVENTS ASSOCIATED WITH THE FEMALE REPRODUCTIVE SYSTEM AFFECT ME/CFS

Considering that ~75% of people affected are women (16, 40, 41, 43, 104, 124–126) and that onset often occurs during their reproductive years, i.e., between the ages of 10–40 (16, 23, 39–42), exceptionally few studies have evaluated the impact of female reproductive events on ME/CFS. During casual conversations or in the clinic, patients will occasionally relate that their ME/CFS began during or shortly after pregnancy. In one study of stressful events surrounding onset, women who were pregnant in the previous year were found to be 31.7 times more likely (126) to become ill with ME/CFS compared to women who had not been pregnant. A small but detectable 8% of our subjects (Table 1) connected their illness onset to pregnancy, within the range of 3.5–10% identifying this as an initiating event in earlier studies [18. 52]. When the more ambiguous category “hormonal events” was used instead, this percentage rose slightly to 12% (18, 41).

Although women have discussed amongst themselves premenstrual aggravation of their ME/CFS symptoms for many years, only one other study besides ours has formally surveyed patients. Sixty-seven percent of Clark et al.'s (41) subjects reported worsening of ME/CFS before their periods, close to our figure of 53% (Figure 1). Likewise, there have been scant studies of ME/CFS symptoms during pregnancy. Schacterle (127) showed that approximately equivalent percentages of patients reported no change, deterioration, or a boost in their health status (41, 30, 29%, respectively) during pregnancy, convergent with our figures of 31, 27, and 42%. Conversely, 86% of one Australian cohort (41) reported deterioration while the impression of several US-based ME/CFS specialists (128) was that ME/CFS symptoms tended to attenuate during pregnancy, to the point of remission. One reason for these diverse conclusions might be that ME/CFS symptoms vary depending on the stage of the pregnancy (e.g., first trimester, second trimester, etc.). Without explicit questioning, some subjects might be communicating their average health status during pregnancy while others might inadvertently be focusing on one time period to the exclusion of others.

Despite the highest prevalence of ME/CFS being recorded in the 40–50 age range (124, 129), no other study has asked about the impact of menopause on symptoms. Menopausal symptoms such as increased fatigue, hot flashes, insomnia, and forgetfulness overlap with those of ME/CFS. This fact combined with the 38% of our peri- and post-menopausal subjects (Figure 1) who felt that menopause exacerbated their ME/CFS should prompt further research. Are amplified symptoms during this life phase due primarily to the expected changes of menopause, hormonal adjustments on ME/CFS, or a combination of the two? Should ME/CFS be a consideration when women decide whether and for how long to partake of hormone replacement therapy? In contrast, over three-quarters of women expressed no changes in symptoms while taking exogenous female hormones, whether for birth control, menopause, or other medical conditions. Only eleven percent of our subjects and 7–9% of Friedberg's (18) subjects noted worsening or onset, respectively, with hormonal medications.

Investigating these topics can shed light on the pathophysiology of the disease, answer women's questions about ME/CFS during different stages of their lives, and even result in new treatments. The oscillation of symptoms with these short-term and even repetitive events can provide a naturalistic model for understanding the relationship between biological indices and clinical characteristics. Remissions and flares of various autoimmune diseases during pregnancy have been linked, respectively, to a TH1 or TH2-dominant immunological status (130). Equipped with more knowledge, healthcare professionals can better assist women to make informed decisions about pregnancy and to prepare for menstrual cycles and menopause. New treatment options might even be introduced. For example, anecdotal evidence (131, 132) suggests that some women may be able to moderate their premenstrual intensification of ME/CFS symptoms with judicious use of birth control pills or patches. These management techniques need to be tested in formal clinical trials.



FUNCTION IS LOW BUT APPEARS STABLE OVER TIME

The high rate of unemployment we observed (47%) is in line with the 40–81% rate noted in other studies (7, 16, 21, 23, 24, 39, 41–43, 133). Commencement of ME/CFS decimated the pre-illness employment rate by at least 40% in Japan (43), Australia (41), and the United Kingdom (133). Moreover, surveys rarely asked those still employed if they were able to retain their prior hours, duties, position, salary, or even field: in the Japanese study, only 2% of respondents did not have to modify their occupation whereas both Tiersky (20) and Kingdon (133) found much reduced work hours. Functional levels echoed those of a 2013 survey of over 550 subjects (16): even during their best periods, most subjects could barely attend to school, work, or family responsibilities part-time (but not all three) and during their worst periods, over half were bedridden and unable to participate in any activities (Figure 2).

These low functional levels are supported by the high mean FSS and MFI-20 scores [respectively, 5.9 ± 1.1 (out of 7) and, for example, MFI General Fatigue (GF) subscale 17.2 ± 3.0 (maximum of 20)], which reflect those of prior studies (134–137), are occasionally double the score of healthy controls, and even exceed the mean values of subjects afflicted by depression, stroke, multiple sclerosis, myocardial infarct, systemic sclerosis, and human immunodeficiency virus (134, 136–140). Of the studies examined for comparison, only patients affected by fibromyalgia/ chronic widespread pain (138) or enrolled in palliative care programs for cancer (140) exhibited mean MFI-20 GF scores (respectively, 16 ± 3.2 and 17 ± 3.0) approaching those of ME/CFS subjects.

Despite how severely ME/CFS impaired our subjects, it may be reassuring to clinicians and patients that functional status does not seem to drop with the passage of time. As shown in Figures 3, 4, no relationship was observed between either measure of fatigue and age of subjects or duration of illness. These results agree with studies monitoring Short Form 36 physical function (SF-36 PF) subscale trends across time. In a cross-sectional survey of ~500 subjects, Chu et al. (141) found low, non-significant Pearson correlation coefficients of 0.025 and 0.019 when SF-36 PF scores were plotted against age and duration of illness. In fact, Komaroff (142) found slight improvements in SF-36 PF when following one cohort of 99 subjects over a decade and both Tiersky (20) and Kidd (125) mentioned that long-suffering subjects might develop better psychological coping techniques. One study (143) did indicate increased fatigue, autonomic symptoms and depression in older subjects relative to younger ones but it is unclear how this study's conclusion might apply to the question at hand since they emanate from a sample who did not develop ME/CFS until they were 55 years of age or older, 15–20 years beyond the mean age of ME/CFS onset. Indeed, the authors speculated that ME/CFS beginning in later stages of life might be very different from earlier-onset ME/CFS.

Our results should be interpreted with caution since a) they derive from a cross-sectional instead of longitudinal cohort and b) the FSS is subject to ceiling effects (144). Since cross-sectional designs are based on different subjects, it might not be accurate to extrapolate future function from one individual to another. Because two-thirds of our subjects displayed an average score of 6 or higher on the FSS when 7 is the maximum score, the FSS might not have the capacity to represent or distinguish between more intense levels of fatigue.



MULTIPLE CO-MORBID CONDITIONS ARE THE RULE RATHER THAN THE EXCEPTION

ME/CFS is often accompanied by other co-morbid and psychiatric conditions. Out of 43 listed conditions, almost all our subjects (97%) had been diagnosed with at least one medical condition while 64% revealed at least one psychiatric condition. The mean number of conditions affecting subjects was high, 7.0 ± 4.2. Previously, in separate studies, 80–95% of subjects have declared at least one other condition while 38–90% cited at least one psychiatric condition (19, 24, 28, 29, 39, 51, 52, 105). In Bateman et al.'s study (29), out of 17 conditions listed, women subjects suffered a mean of 2.7 ± 2.1 conditions and men, 3.6 ± 2.1 conditions.

Our 5 most common conditions (anxiety, depression, fibromyalgia, irritable bowel syndrome, and migraine, from most to least common) (Table 6) match 3 of the top 5 condition in Bateman's cohort (fibromyalgia, depression, anxiety, low testosterone, hypothyroidism) (29). We did not ask about low testosterone, which existed in 36.4% of their male subjects, and hypothyroidism was our ninth most common condition albeit our prevalence of 28% is close to their 35%. Their survey did not query about irritable bowel syndrome or migraine headaches.

Our prevalences for individual conditions are generally concordant with those documented in previous ME/CFS studies (Table 6). The exceptions in this comparison are migraine headaches (37% in our study vs. 84%) (53) and chronic sinusitis (33 vs. 66%) (55). As there is meager data on these two conditions in ME/CFS however, these comparisons should not be taken as the final word. In contrast, except for sleep apnea and symptomatic infectious mononucleosis, all 12 of the most common conditions in our study surpassed their prevalence in the general United States population [Table 6, (58–70)]. The similar prevalence of mononucleosis in our subjects compared to the general population [37 vs. 30–50%, (62)] suggests that mere symptomatic infection does not elevate the risk of ME/CFS but rather the severity or aftermath of the infection may be the determining factor for whether ME/CFS manifests. Intriguingly, our prevalence of cancer (8%) is approximately double that of the prevalence in the general population [4.1%, ages 50–59, 14-yr. limited prevalence, (145)], whereas Bateman's cohort had quadruple the prevalence at 16% (29). These results, along with studies showing an increased risk of lymphoma among elderly ME/CFS subjects (146) and an early mean age of death due to cancer (147), warrant further investigation.

Our data underscore the importance of the National Academy of Medicine criteria (6) moving away from ME/CFS being primarily a diagnosis of exclusion and allowing the concurrence of what some clinicians and researchers might have interpreted to be absolute exclusionary diagnoses (e.g., major depression, obstructive sleep apnea, hypothyroidism). Given the ubiquity of co-morbid conditions, many ME/CFS patients might never be diagnosed with or would have lost their ME/CFS diagnosis had the NAM criteria continued to designate exclusionary criteria. Some people (148) have expressed concerns about how the new criteria might unintentionally attract subjects to studies who are actually affected by another diagnosis or have a potentially confounding condition (e.g., major depressive disorder). However, depending on a study's purpose, researchers can always institute additional exclusionary criteria beyond the NAM criteria or alternatively, subgroup or statistically adjust for co-morbid conditions. The internal and external validity of a study must also be balanced (149): strict exclusionary criteria might permit more solid conclusions to be made but the results might not have much applicability for the average ME/CFS patient (150).

Given their unresolved/ active state, the most common co-morbid diagnoses should be actively screened for by healthcare professionals. Treatment options for ME/CFS itself are limited but many of these conditions have standardized, effective treatments. Their improvement can positively influence patients' health, function, and quality of life even as they remain ill with ME/CFS (117, 118). Finally, studying co-morbid conditions might also help provide answers to the pathophysiology of ME/CFS. For example, the high prevalence of autoimmune co-morbid conditions supports the hypothesis that ME/CFS might be an autoimmune condition for at least some subgroups or that the immune system possibly plays a major role in disease pathophysiology. On the other hand, the unexpected high prevalence of migraines reinforces the idea of ME/CFS being a condition of poor autonomic dysfunction. Some (151) have postulated that imbalance of the sympathetic and parasympathetic arms and changes in cranial blood vessel dilation are two of the many steps leading to a migraine headache.

Aside from natural variation in study samples, the wide range of prevalence for the same co-morbid condition could be due to issues like which conditions clinicians were alert to, how study subjects were asked about medical conditions, the accuracy of subject recall, and how subjects were assessed for a co-morbidity. For example, March did not ask about co-morbid conditions overall but only about conditions after onset of ME/CFS. Conditions which are less recognized by clinicians will also be less likely to be diagnosed: this might account for why only 13–40% of subjects stated they were diagnosed with POTS (Table 6) whereas unfiltered screening of all ME/CFS patients in Lapp's study (111) yielded an 81% prevalence of POTS.



ME/CFS, CHRONIC FATIGUE OF UNCLEAR ETIOLOGY, AND AUTOIMMUNE DISEASE ARE COMMON IN FIRST-DEGREE RELATIVES

The pervasiveness of ME/CFS, chronic fatigue of unclear etiology, and autoimmune disease in the FDRs of subjects may yield clues to the genetic basis and pathophysiology of the disease. Thirteen percent of our subjects imparted that they had at least one FDR affected by ME/CFS. Because ME/CFS is known to be widely underdiagnosed (152–154), we also asked whether any FDRs sustained chronic fatigue without a specific diagnosis. When this category was added, 21% of our subjects replied affirmatively and the percentage of subjects who did or might have a relative afflicted by ME/CFS rose to 27%. Our results are consistent with Pheby (34), who found that 12.1% of his subjects had at least one FDR affected, and the 5.3–18.3% of subjects noted in multiple studies (30, 32, 35, 36, 41, 155) to have at least one other blood-related family member, regardless of degree, affected. In two studies asking about both ME/CFS and chronic fatigue of unclear etiology in family members, 25% (31) and 46% (35) replied affirmatively.

ME/CFS has also been shown to be present in second- and third-degree relatives (33, 35) in a dose-response matter, i.e., the more genetic distance between the ME/CFS patient and a relative, the lower the risk. Since second- and third-degree relatives are less likely to share the same household or lifestyle factors as FDRs, this pattern strengthens the argument that there might be a shared genetic rather than environmental factor increasing the risk of disease. Astonishingly, hardly any studies have examined families where multiple members are sick with ME/CFS. More than 2 decades ago, Levine (156) showed a gradient of natural killer cell activity with family members affected by ME/CFS having the lowest values, followed by those unaffected but related, and finally, un-related friends of the family having the highest and normal values. By evaluating such family pedigrees, especially in conjunction with genetic or other biomarkers, we might better comprehend the risk factors behind and the mechanisms of ME/CFS.

About one-third of our subjects suffered from an autoimmune condition (Table 6) and a similar percentage had an FDR with an autoimmune condition. These figures are congruent with prior research: autoimmune conditions were noted in 15–27% (40, 54) of ME/CFS patients and in 18–47% (40, 54, 155) of their family members. Autoimmune thyroid disease was the most common co-morbid diagnosis while a variety of conditions, including rheumatoid arthritis, psoriasis, lupus, and Sjogren's syndrome, were observed among family members.

The commonality of autoimmune conditions within patients and among their family members is compatible with some researchers' theories (157, 158) that ME/CFS might have an autoimmune basis. It is well-known that individuals with one autoimmune disease are more likely to be affected by another autoimmune disease (159). The same but also diverse autoimmune diseases might affect families; the former phenomenon is labeled as a “familial autoimmune disease” while the latter is known as “familial autoimmunity” (160). Furthermore, many of the traits displayed by ME/CFS fit Rose and Witebsky's circumstantial criteria (161, 162) for determining when a condition qualifies as an autoimmune condition. For example, ME/CFS is more common in women, runs in families, can be triggered by infections, can be alleviated by immunosuppressants and is associated with autoantibodies [e.g., to adrenergic and cholinergic receptors (97, 98)]. Fluge et al. (163) also demonstrated in vitro that serum transferred from patients' bodies adversely affected the function of healthy, cultured muscle cells. This serves as a more direct piece of evidence for autoimmunity. Rose and Witebsky's criteria could operate as a guideline for future studies to prove or disprove the role of autoimmunity in ME/CFS. For example, to test maternal transfer of autoantibodies, infants of ME/CFS patients could have their blood tested for ME/CFS-specific autoantibodies and be followed serologically and clinically for ME/CFS symptoms. Four percent of our subjects and 6% of Jason's (164) admit to being sick as long as they can remember. Another project might devise animal models capable of developing ME/CFS: if exposure to patient serum or a putative antigen replicates the illness in these animals, that would corroborate the autoimmune foundations of ME/CFS.



MEDICATIONS

Unsurprisingly, the most common specific medications and categories of medications used (Table 7) correspond to well-known ME/CFS symptoms (sleep, muscle/ joint pain, headaches) and co-morbid conditions (mood disorders, fibromyalgia, irritable bowel syndrome, hypothyroidism). Our findings are similar to the medication survey which Reeves et al. (165) conducted in 2003. Their top six medication categories were pain relievers (88%), hormones (52%), antidepressants (41%), allergy-related drugs (32%), gastrointestinal therapies (30%), and cold medications (25%). Sixty-two percent of their subjects took supplements and vitamins.

Reeves did not ask subjects why they used specific medications and attributed allergy-related/ cold medications to the alleviation of sore throats, which are part of ME/CFS. While it also possible subjects are taking these medications for hay fever or sinusitis (see Table 6), subjects may also be consuming antihistamines to assist with sleep. (Reeves et al. classified antihistamines as both allergy and cold medications.) This claim is reinforced by patient comments from a survey conducted for a US Food and Drug Administration workshop in 2013 (16).

The pervasiveness of over-the-counter medications, herbal preparations, and supplements underscores the need for research directed at symptom control. For example, Gotts et al. have mentioned targeting the different phenotypes of sleep issues in ME/CFS with different medications (166). Subjects also expressed that side effects or hypersensitivity to customary doses of medications restricted what they could use. Effective management of symptoms can help patients greatly while progress is being made toward a disease-modifying treatment.



STRENGTHS AND LIMITATIONS

The major strength of this study lies in its use of a collaboratively-designed survey covering a broad range of topics relevant to clinicians, researchers, and patients. Consequently, except for a few items, the overall amount of missing data was small. Because data were collected from a single cohort, we were able to make connections between different areas (e.g., onset time and infectious onset) and confirm that, despite claims that ME/CFS is a heterogenous disease, separate aspects of epidemiological information collected from many cohorts based in different locations and at different times are in concordance with the data captured from one cohort. Our results also contribute to the paucity of data on the evolution of symptoms longitudinally and the impact of female reproductive events on ME/CFS.

Limitations of this study include the study sample recruited, reliance on subject self-report, recall bias, and relative superficiality of some survey items. Although we tried to recruit subjects from a diverse range of sources, our study population still consisted primarily of middle-aged, self-identified Caucasian women who had been sick for over a decade. Most ME/CFS studies end up with a similar sample. Therefore, the results of our study may be less applicable to younger, male, non-Caucasian, and recently afflicted patients. During the recruitment stage of this study, in 2012, the prevailing research case definition was the Fukuda 1994 criteria. In 2017, the US National Institutes of Health announced that either the CCC or NAM criteria should be used instead (167). Despite this study's use of the Fukuda 1994 criteria, we believe that our results will also apply to subjects fitting CCC or NAM criteria: at least 71 and 72% of our subjects qualified, respectively, for these criteria.

Because items answers were based on subject self-report instead of medical records or clinical examinations, some portions of the survey (e.g., peri-onset factors, comorbid conditions) might be less accurate than others. Moreover, since our subjects had been sick a median of 12.5 years, forgetfulness on the one hand or recall bias on the other might affect answers concerning onset or course. However, research on memory shows that events of great importance to a person are much more likely to be remembered accurately (52, 155, 168) than otherwise. For many patients, ME/CFS is a life-changing event so patients often pay extra attention to their condition. In fact, some patients keep extensive notes and even computerized worksheets documenting their symptoms, treatments, and other factors. The agreement between much of what our subjects describe and what other studies found also testifies to memory issues perhaps being less of a concern. Finally, since we attempted to ask about a broad range of subjects, we had to cut down on details to obtain a high survey response rate.

To overcome or reduce these limitations in the future, research should attempt to recruit subjects from various settings (e.g., from the community, primary and specialty clinics), employ the CCC and/or NAM criteria during subject recruitment, gather information prospectively rather than retrospectively, and complement subject-reported accounts with third-party reports (e.g., medical records) and/or objective measures where possible. Areas which would have benefitted from greater detail include which documented infections preceded ME/CFS, what treatments specifically helped with which symptoms, and how ME/CFS symptoms might vary depending on which stage of pregnancy, menstrual cycle, or menopause a woman is occupying.



CONCLUSION

This paper gives a broad epidemiologic overview of one ME/CFS cohort in the United States. While our findings concerning onset, course, function, co-morbid conditions, and family history support those of prior studies, by examining these topics together, we were able to interpret our findings within the complicated context of this condition and offer unique insights into how epidemiologic data can be utilized to inform both clinical care and improve future research. We also contribute new information about how ME/CFS symptoms change longitudinally and with events associated with the female reproductive system throughout a woman's life. Finally, we advance hypotheses centered around the human stress response system, autonomic nervous system, and autoimmune mechanisms to explain the similar yet heterogenous elements of ME/CFS.

In the future, we hope to investigate the relationship between clinical characteristics identified in this study and biomarkers, how epidemiological features may vary contingent on different case definitions, and the influence of human leukocyte antigens on ME/CFS initiation and perpetuation. We also hope that other researchers will verify the findings in this paper and probe further into the areas and issues we have identified.
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Introduction: Myalgic Encephalomyelitis/ Chronic Fatigue Syndrome (ME/CFS) is a multifactorial illness of unknown etiology with considerable social and economic impact. To investigate a putative genetic predisposition to ME/CFS we conducted genome-wide single-nucleotide polymorphism (SNP) analysis to identify possible variants.

Methods: 383 ME/CFS participants underwent DNA testing using the commercial company 23andMe. The deidentified genetic data was then filtered to include only non-synonymous and nonsense SNPs from exons and microRNAs, and SNPs close to splice sites. The frequencies of each SNP were calculated within our cohort and compared to frequencies from the Kaviar reference database. Functional annotation of pathway sets containing SNP genes with high frequency in ME/CFS was performed using over-representation analysis via ConsensusPathDB. Furthermore, these SNPs were also scored using the Combined Annotation Dependent Depletion (CADD) algorithm to gauge their deleteriousness.

Results: 5693 SNPs were found to have at least 10% frequency in at least one cohort (ME/CFS or reference) and at least two-fold absolute difference for ME/CFS. Functional analysis identified the majority of SNPs as related to immune system, hormone, metabolic, and extracellular matrix organization. CADD scoring identified 517 SNPs in these pathways that are among the 10% most deleteriousness substitutions to the human genome.

Keywords: myalgic encephalomyelitis/chronic fatigue syndrome, genome-wide, single-nucleotide polymorphism, immune system, hormone, metabolic


INTRODUCTION

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a complex illness characterized by disabling fatigue, disturbed sleep patterns, pain, and flu-like symptoms. Patients report a high degree of physical disability, and a decreased quality of life with 24% being homebound (1), causing a US economic loss ranging from of $9.1 to $51 billion (2). Currently, there are three main sources of diagnosis criteria, the Center for Disease Control (CDC) Empiric (3), Fukuda (4), and Canadian Consensus (5), showing 2.54, 1.0, and 0.10% of the population affected, respectively. This variation highlights the lack of a concrete illness definition. Although research studies have identified various aspects such as immune abnormalities and exposure to toxins relevant to the pathogenesis of ME/CFS (6), ME/CFS is still not yet fully understood. The genetic and environmental pathogenesis of ME/CFS remains unclear. Currently, treatment of ME/CFS is dependent on management of symptomology and improvement on quality of life (6). An improved understanding of the molecular mechanisms affected and dysfunction in the regulatory systems will translate into better diagnostic methods and more targeted approaches to treatment. There are numerous studies suggesting that genes and single nucleotide polymorphisms (SNPs) within those genes might play a role in the development and progression of ME/CFS (7–9). Results of these studies are very interesting and useful, however, one of these studies was focused on mitochondrial DNA (7), and the other two were limited by 80 study subjects (8, 9). The aim of the current study is to increase the size of the ME/CFS cohort and identify the most harmful variants associated with ME/CFS.



MATERIALS AND METHODS


Patient Population

Individuals with ME/CFS were selected through an online English pre-screening questionnaire via the RedCap platform. The study was restricted to adults (18–70 years of age) that endorsed a clinically diagnoses of chronic fatigue syndrome (CFS), post-infection fatigue (IF), or myalgic encephalomyelitis (ME) and endorsed criteria meeting the 1994 CDC definition of CFS (4): four or more of the following symptoms over a minimum of 6 consecutive months and not predating fatigue: sore throat, tender cervical or axillary lymph nodes, muscle pain, multiple joint pain without swelling or redness, headaches of new type, pattern or severity, unrefreshing sleep, post-exertional malaise, and impaired memory or concentration. Furthermore, study subjects were excluded if they had HIV infection, or dementia precluding full participation/consent. Qualified prescreened participants then completed an online consent form describing the study in detail, asking them to accept or decline the opportunity to continue with the study, via the RedCap online platform. Consenting participants then securely uploaded their genotyping data received from 23andMe into a secure database using the RedCap online platform.

Ethics Approval and Consent to Participate

All study subjects signed an informed consent approved by the Institutional Review Board (IRB) of Nova Southeastern University (NSU). Ethics review and approval for data analysis was also obtained by the IRB of NSU.



23andME Genotyping

23andME processes saliva containing DNA that was sent by the study subjects collected with the 23andMe kits according to the supplied instructions. The 23andMe CLIA-certified lab extracted DNA and processed the DNA on a genotyping chip that reads hundreds of thousands of variants in the human genome. Samples were collected starting in July 2016 until August 2018 and processed with 23andMe chip versions 4 (~570 k SNPs; prior to August 2017) and version 5 (~640 k SNPs; after August 2017). Genotyping calls were performed by 23andMe. Personalized reports based on well-established scientific and medical research were returned to study subjects and subsequently uploaded to the NSU RedCap online platform.



SNP Filtering and Analysis

All variants received from study participants were annotated using SeattleSeq 138 (10) for Genes, Distance-To-Nearest Splice Site, and microRNAs. Based on the annotation we focused our analysis on only non-synonymous and non-sense SNPs located in the gene's coding regions, near the splice sites and in microRNAs. The frequency of each of these SNPs was calculated in ME/CFS cohort (study participants). We compared these frequencies with the frequencies of the corresponding SNPs from the reference database Kaviar [hg19 (GRCh37)] (11). Kaviar contains over 162 million SNPs from 35 projects, including dbSNP, 1000Genomes and other and does not include the data from cancer genomes.

For functional analysis we selected SNPs that satisfied following criteria: the frequency at least 10% in either reference or ME/CFS cohort and the ratio in frequencies between the ME/CFS cohort and the reference cohort is more than two in either direction (Supplementary Table 1).

All variants that prevail in ME/CFS cohort were also scored using the Combined Annotation Dependent Depletion algorithm (CADD) (12) (Supplementary Table 2).



Functional Annotation

Functional annotation of SNPs was performed using the ConsensusPathDB (13–15) to provide biological pathway information. Over-representation analysis (13) incorporating the Kyoto Encyclopedia of Genes and Genomes (KEGG) (73.0) (16), Netpath (1.1.2015) (17), the Integrating Network Objects with Hierarchies (INOH) (1.1.2015) (18), Biocarta (2009_05_12) (19), Humancyc (18.5) (20), Signalink (8.1.2015) (21), Edinburgh human metabolic network (Ehmn) (1.1.2015) (22), Reactome (51) (23), Wikipathways (9.1.2015) (24) and the Pathway Interaction Database (PID) (2014_02_14) (25) pathway sets was used to interpret the functions the identified SNPs may play. Here the significance of the observed overlap between the gene module and the members of known pathways, compared to random expectations, was calculated based on a hypergeometric distribution. A minimum overlap of two genes between the gene module and the pathway set at a p-value cutoff of 0.01 was required. Specifically, the p-value was calculated as the probability of randomly finding k or more successes from the population in N total draws. Thus, small p-values indicate a greater over-representation than expected by chance. As many of the identified pathways share SNP genes the relation between functions was mapped as a network between identified pathway nodes where edges indicate a number of shared genes. These networks were visualized with Cytoscape version 3.3.0 (26). Pathways sharing at least 30% of SNPs were clustered and organized via circular layout, while the remainder were organized via a perfuse force-directed layout based on the number of shared genes.




RESULTS AND DISCUSSION

Functional analysis of SNPs identified three main clusters of pathways as sharing at least 30% SNP related genes (Figure 1). The first is dominated in size via the pathway Cytokine Signaling in Immune System and includes other immune-related pathways such as interferon signaling, autoimmune responses, and T-cell receptor signaling. This cluster highlights a module of immune-related SNPs.
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FIGURE 1. Pathway overlap networks. Pathways identified via over-representation analysis (nodes) connected by shared genes with SNPs (edges). Upper panel gives total number of SNPs per pathway and likelihood of annotation (p-value). Lower panel shows pathways most affected by deleterious SNPs.



The second cluster is dominated in size via the Nuclear-Receptors Meta-Pathway and includes hormone related pathways such as steroid hormone, estrogen, and androgen biosynthesis, glucuronidation, and the pregnane x receptor pathway. This cluster highlights modules of hormone-related SNPs.

The final cluster is dominated in size by Pathways in Cancer, however, closer inspection shows many metabolic processes such as enzyme reactions (protein kinase A, calcium and calmodulin signaling), and G proteins signaling which regulate metabolic enzymes, which are all involved in the regulation of glycogen, sugar and lipid metabolism. This cluster highlights a module of metabolism-related SNPs.

While there is an overlap between the metabolic and immune modules, the hormone module remains isolated with main connections only formed via Ovarian Steroidogenesis and the Wnt signaling pathway. Finally, there is a group of loosely connected pathways involved in an extracellular matrix organization.

While this organization highlights the interplay between immune, hormone and metabolic activity underlying ME/CFS, overlay of the location of CADD scores illustrates where the most deleterious effects occur (Figure 1; lower panel).

Of the 11,485 SNPs that passed prefiltering according to the annotations (see Methods), 8,593 SNPs had frequency more than 10% in either reference or ME/CFS cohort. Out of them, 5,693 SNPs had a two-fold difference between ME/CFS and the reference cohorts in either direction (Supplementary Table 1).

SNPs that prevailed in ME/CFS cohort were scored using the CADD algorithm (12). According to the CADD algorithm, C-scores above 10 indicate that these SNPs are predicted to be among the 10% most harmful, and C-scores above 20 indicate the 1% most deleterious substitutions (12). Table 1 shows 50 SNPs that are the most frequent in the ME/CFS cohort and have C-scores above 10.



Table 1. 50 most frequent deleterious SNPs in ME/CFS cohort compared to reference cohort.
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Of the 50 most frequent deleterious SNPs found in our ME/CFS cohort compared to the reference database (Table 1), 10 were found to have a frequency of 70% or more in the ME/CFS group. This includes CYP2D6, PRRT4, and PRSS56 at a frequency over 90%, C14orf37, ANKDD1B, at over 80%, and GPBAR1, LHB, ADAMTS19, VARS2, and CPLX2 at over 70%.

CYP2D6 (Cytochrome P450 2D6) is primarily expressed in the liver, but also highly expressed in areas of the central nervous system, including the substantia nigra, and is one of the most important enzymes involved in the metabolism of xenobiotics in the body. A significantly higher frequency of polymorphisms CYP2D6 was found in ME/CFS study subjects with Fibromyalgia than in controls and could differentiate these study subjects s from study subjects with multiple chemical sensitivity (27). CYP2D6 was found in the xenobiotics metabolism, androgen and estrogen biosynthesis and metabolism, tyrosine metabolism, codeine and morphine metabolism, oxidation by cytochrome P450, metapathway biotransformation phase I and II, and cytochrome P450—arranged by substrate type pathways all of which belong to the hormone related cluster.

PRSS56 (putative serine protease 56) is a serine protease that has been implicated in human eye development (28) and in the regulation of cerebellum activity of mice in exercise (29). It was not found to be a member of any of the annotated pathways.

GPBAR1 (G Protein-Coupled Bile Acid Receptor) functions as a cell surface receptor for bile acids and participates in the production of intracellular cAMP and activation of a MAP kinase signaling pathway. This receptor plays a big role in the suppression of macrophage functions and regulation of energy homeostasis by bile acids (30). Finding of the deleterious SNP in GPBAR1 (Table 1) is in agreement with the results of the recent study that showed disturbances in bile acid metabolism in ME/CFS study subjects (31). GPBAR1 was not among any of the pathways annotated.

LHB (luteinizing hormone beta polypeptide) is expressed in the pituitary gland and is essential for spermatogenesis and ovulation by stimulating the testes and ovaries to synthesize steroids (32, 33). LHB was found among the GnRH signaling pathway and ovarian steroidogenesis pathway.

ADAMTS19 is a member of the large ADAMTS (a desintegrin-like and metalloprotease with thrombospondin type 1 motif) family of metalloproteases (metal binding enzymes). ADAM proteins are responsible for the proteolytic cleavage of many transmembrane proteins and the release of their extracellular domain. ADAMTS19 is considered as a possible candidate for premature ovarian failure (34). Only the O-linked glycosylation pathway was found to contain ADAMTS19.

VARS2 (valyl-tRNA synthetase 2, mitochondrial) is important for the mitochondrial protein synthesis. Mutations in this gene are associated with cardiomyopathy (35), microcephaly and epilepsy (36), deficiency of the mitochondrial respiratory chain complex I and oxidative phosphorylation deficiency (37). VARS2 was not found among any of the annotated pathways.

CPLX2 gene encodes the complexin 2 protein that participates in neurotransmitter release by directly interacting with the neuronal SNARE complex (38). CPLX2 is known to be overexpressed in aging and downregulated by sleep deprivation (39), and this shows a connection of CPLX2 expression to fatigue. CPLX2 was also not found among any of the annotated pathways.

The remaining genes PRRT4, C14orf37, and ANKDD1B are obscure without much literature to support their function and not found among any of the annotated pathways. It was determined that PRRT4 (proline-rich transmembrane protein 4) showed biased expression in adult ovary, lung, adrenals, CNS and whole brain, while C14orf37 showed bias in brain, kidney, and ovary (ncbi.nlm.nih.gov). Little information was found for ANKDD1B (ankyrin repeat and death domain containing 1B).

Although SNPs in MYBPC3 and HLA genes have lower frequencies in ME/CFS cohort (0.19 for MYBPC3 and 0.13-0.44 for various HLA isoforms, respectively), these SNPs could be used for subgrouping of ME/CFS study subjects in larger studies because of their possible association with ME/CFS and fatigue. Multiple deleterious SNPs in HLA genes are in agreement with known impairment of the immune system in ME/CFS (40). Increased frequency of HLA-DQA1 alleles and decreased expression of HLA-DRB1 was found to be associated with ME/CFS (41). MYBPC3 (myosin binding protein C, cardiac) dysfunction is also associated with hypertrophic cardiomyopathy and corresponding fatigue (42).

These results contrast with previous SNP studies in ME/CFS (9, 43–45) which have found statistically significant associations in multiple loci including in neuroendocrine effector and receptor genes (43), TRP ion channels and AChRs (44, 45), and genes regulating the HPA axis (9, 46). This difference is most likely due to a combination of factors such as, (i) differences in array types used between studies, (ii) difference in the methods of analysis, (iii) differences between cohorts and the general heterogeneity of ME/CFS, and (iv) small-effect variants due to the relatively small sample sizes in each of these previous studies, compared to our relatively large cohort.

To date, this is the largest study known using SNP data and its affected pathways in combination with study subjects' self-reported symptoms. The results generated from our study will enhance the current understanding of ME/CFS and will generate new studies, all of which will lead to a better method for diagnosis and targeted genetic therapy. Replicative larger studies are warranted to improve the reliability of the results.

While these results are novel there are some limitations to the current analysis that are worth noting. First, there is no control over the chip version used by 23andMe for genotyping. This can result in loss of precision in the determination of study subject genotyping signature. Second, this initial pilot analysis was only conducted on SNPs in protein coding regions, miRNA regions, and regions close to splice junctions. SNPs in non-coding regions may be important in the cause of the illness. Finally, this analysis does not include rare variants. Moving forward, future studies based on this on-going collection of study subject information will address these limitations, will increase sample size, and provide more detailed statistical analyses. Building on this dataset we also aim to correlate these findings with our on-going research on gene expression (47), miRNA expression and DNA methylation (48).
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Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) is a chronic multisystem disease characterized by a variety of symptoms, and exhibits various features of an autoimmune-like disease. Subtypes are well recognized but to date are difficult to identify objectively. The disease may be triggered by infection with a variety of micro-organisms, including Epstein-Barr virus (EBV). A subset of CFS/ME patients exhibit up regulation of EBV virus induced gene 2 (EBI2) mRNA in peripheral blood mononuclear cells (PBMC), and these patients appear to have a more severe disease phenotype and lower levels of EBNA1 IgG. EBI2 is induced by EBV infection and has been found to be upregulated in a variety of autoimmune diseases. EBI2 is a critical gene in immunity and central nervous system function; it is a negative regulator of the innate immune response in monocytes. Its heterogeneous expression in CFS/ME could explain the variable occurrence of a variety of immune and neurological abnormalities which are encountered in patients with CFS/ME. The EBI2 subtype occurred in 38–55% CFS/ME patients in our studies. Further work is required to confirm the role of EBV and of EBI2 and its oxysterol ligands in CFS/ME, and to identify the most practical means to identify patients of the EBI subtype. There are two EBI2 antagonists currently in development, and these may hold promise in the treatment of CFS/ME patients of the EBI subtype.

Keywords: Chronic Fatigue Syndrome, Myalgic Encephalomyelitis, Epstein-Barr virus, Epstein-Barr virus induced gene 2, autoimmune, microarray, real-time polymerase chain reaction


INTRODUCTION

Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) is a chronic multisystem disease characterized by at least 6 months of fatigue and a variety of other symptoms, including headache, sore throat, muscle pain, joint pain, muscle weakness, post-exertional malaise, sleep abnormalities, and secondary anxiety and depression (1). It is most likely that heterogeneity in CFS/ME is the reason that although there have been many immune and other abnormalities found in patients, none are universal and so there are currently no biomarkers of CFS/ME per se. This is used as evidence against a biological pathogenesis of the disease, however, the most plausible explanation is that CFS/ME is a heterogeneous autoimmune-like disease with a variety of subtypes, a phenomenon typical of autoimmune disease.

Particular problems are, first, that the CFS/ME is unique as a chronic autoimmune-like disease, in that there is no objective means to confirm the diagnosis. Secondly, there are a variety of names and diagnostic criteria some of which do not exclude major depression, as is required by the CDC criteria (1) and Canadian criteria (2). Thirdly, there has been a push to combine biological and unrelated psychological approaches in CFS/ME research. Of course, psychological aspects must be included, but only in terms of what we know is relevant to current knowledge of CFS/ME. Namely, that psychological stress can trigger the disease, and that anxiety and depression are secondary phenomena in CFS/ME (1, 2).

By analogy to autoimmune diseases, psychological aspects are known to be almost universal, for example, anxiety in ulcerative colitis, rheumatoid arthritis, psoriasis, asthma, etc. And the anxiety is believed to underlie relapses and flare-ups which may precipitate hospital admission and use of immune-modifying treatments in a variety of autoimmune diseases.

In this paper, I will review the heterogeneity of CFS/ME, its clinical presentation and triggering factors including Epstein-Barr Virus (EBV) reactivation, CFS/ME as an autoimmune-like disease, Epstein-Barr virus induced (EBI) gene 2 (EBI2) dysregulation in CFS/ME, the “EBI subtype” and the future possibility for therapeutic pharmacological EBI2 antagonism in CFS/ME patients.



HETEROGENEITY OF CFS/ME

Heterogeneity among CFS/ME patients is well recognized. There are clear differences in type of onset (sudden vs. gradual), duration of illness, and different types of illness (predominant pain, predominant flu-like illness, predominant neurological type illness, etc.). In a comparative review of systemic and neurological symptoms in 12 outbreaks of CFS/ME, epidemic neuromyasthenia and ME, marked heterogeneity in the range of neurological symptoms was observed (3), and outbreaks could be grouped into four levels of increasing neurological involvement. Janal et al. (4) subtyped CFS/ME patients according to “minor” symptoms, and identified three subtypes; neurological, musculoskeletal, and infectious. Extreme scores in one or more of these factors accounted for 66% of the sample. Depression and anxiety were not more prevalent in any particular subtype. Jason et al. (5) analyzed data from 18,675 CFS/ME patients and found strong evidence for the existence of a variety of subtypes based on sociodemographic status and disability. Jason et al. (6) have outlined the importance of subtyping of CFS/ME patients, both for the study of pathogenesis and for response to available treatments. These authors identified CFS/ME subtypes based on level of disability, viral, immune, neuroendocrine, neurological, autonomic, and genetic aspects. Proper identification and study of CFS/ME subtypes has been hampered by the lack of concensus as to how to diagnose the disease.



CFS/ME AS A CHRONIC FLU-LIKE ILLNESS TRIGGERED BY VIRUS INFECTION

At its most simple, CFS/ME can be considered to be a chronic flu-like illness triggered by virus infection, and that the symptoms of CFS/ME are those of a resulting flu-like illness (fatigue, impairment in short term memory or concentration, sore throat, muscle pain, joint pain without swelling or redness, headaches, unrefreshing sleep, and post-exertional malaise) (7). Psychological symptoms (anxiety and depression) are common during flu-like illnesses, and are secondary in otherwise healthy persons. There is a biological basis for such secondary psychological symptoms in that circulating proinflammatory cytokines result in activation of glial cells in the brain and secretion of proinflammatory cytokines by these cells, causing the symptoms of depression, lethargy and anxiety (8). We are all familiar with such short term illness and its symptoms, including the secondary psychological symptoms. We are familiar with the sickness behavior we exhibit during these short term illnesses. For example, we prefer to go to bed early rather than stay out late (8). The principal difference between a short term flu-like illness secondary to virus infection, and CFS/ME, is the duration, severity and the global effect on the lives of patients. In the case of CFS/ME, generally 6 months of symptoms are required (1), while a short term flu-like illness would typically last < 2 weeks.



PSYCHOLOGICAL STRESS IS KEY TO VIRUS TRANSMISSION, INFECTION, AND CFS/ME

For any given virus infection, outcomes vary according to many factors. However, for the purposes of CFS/ME, the key factor is psychological stress. It has been shown for a variety of viruses that psychological stress is necessary for successful virus transmission from one person to another (9). Furthermore, it has been shown that psychological stress is necessary for symptoms to develop after successful transmission, as opposed to asymptomatic infection (9). It is well known that psychological stress is key in the reactivation of herpes viruses, and this precedes the recurrence of cold sores (herpes simplex virus) (10), shingles (varicella-zoster virus) (11), and Epstein-Barr virus (EBV) (12, 13). Psychological stress has been shown to be important in triggering a large proportion of cases of CFS/ME, and this fits perfectly with a viral pathogenesis. Psychological stress is universal and is expected under various circumstances, for example, student examinations, loss of a parent or partner, etc.



IMPORTANT MICROBIAL TRIGGERS OF CFS/ME

Micro-organisms which have been documented to trigger CFS/ME include EBV, enteroviruses, cytomegalovirus (CMV), human herpesvirus-6 (HHV-6), human parvovirus B19, hepatitis C, Chlamydia pneumonia, and Coxiella burnetii (Table 1). EBV is known to infect 90% humans, the majority of which become infected in childhood due to transmission in oral secretions. Following acute infection, EBV persists life-long. It is not clear what percentage of CFS/ME patients are infected with EBV, but in one UK study, it was 90% (34). It is recognized that for each microbial trigger of CFS/ME, that there are a variety of possible clinical outcomes of acute infection, including CFS/ME. It is also recognized, that of those patients who suffered an acute microbial infection which led to development of CFS/ME, there are a number of possible resulting CFS/ME phenotypes, and that this varies depending on other, as yet unknown factors. Therefore, of those patients who developed CFS/ME following parvovirus B19 infection, for example, some will have a CFS/ME phenotype with predominant musculoskeletal pain, while others will have less predominant pain, and more problems with sleep, memory, and concentration, for example. Therefore, there is a lack of correlation between the particular microbial or other trigger and the resulting CFS/ME phenotype.



Table 1. Microbial infections which have been shown to trigger CFS/ME.
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CFS/ME EXHIBITS FEATURES OF AN AUTOIMMUNE DISEASE

A variety of features suggest that CFS/ME may be an autoimmune-like disease. CFS/ME may be triggered by virus infection, and its course characterized by a typical “viral” flu-like illness (7). These observations have led to the recognition that the immune response plays a large and significant role in the pathogenesis of the disease. There are striking similarities between CFS/ME and various autoimmune diseases, for example, Multiple Sclerosis (MS). And, the existence of subtypes of CFS/ME is a further parallel to autoimmune diseases, in which subtypes are well recognized. There are various examples of subtypes of autoimmune diseases exhibiting specific pathogenetic mechanisms, such that particular subtypes of particular autoimmune diseases may be amenable to specific treatments while other subtypes of the same autoimmune disease are not. Studies have demonstrated a variety of immune abnormalities in CFS/ME patients (Table 2), many of which are also found in patients with autoimmune disease. A variety of autoantibodies have been demonstrated in serum of CFS/ME patients including those against nuclear and membrane structures, neurotransmitters and their receptors, cytoplasmic intermediate filaments, EBV dUTPase, and neoepitopes resulting from oxidative or nitrosative damage (53). There is considerable co-morbidity of CFS/ME with other immune or autoimmune diseases, including fibromyalgia (30–77%), postural orthostatic tachycardia syndrome (POTS) (11–40%), Hashimoto's thyroiditis (17–20%), and a family history of an autoimmune disease (18–41%) (53). We have also found upregulated EBI2 mRNA expression in a subset of CFS/ME patients which also occurs in autoimmune diseases (see below).



Table 2. Various immunological abnormalities which have been reported in CFS/ME patients.
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Two clinical trials of monoclonal anti-CD20 antibody, rituximab, in CFS/ME patients demonstrate partial or complete benefit in 60%, and in some of these the remission was sustained. This treatment, in both trials, exhibited a delayed onset of response of ~4 months, suggesting that benefit was not directly mediated by CD20 depletion, but by plasma cell depletion followed by washout of short-lived autoantibodies (54, 55).



EBV REACTIVATION IS A MODEL FOR PSYCHOLOGICAL STRESS AND TRIGGERING OF CFS/ME

Acute EBV infection has been shown to be an important virus trigger of CFS/ME (20–22). Study of acute EBV infection in medical students shows that EBV preferentially reactivates during the psychologically stressful time of examinations as compared with other less stressful periods of the academic year (56). This has also been shown for military recruits in training at examination times (57). This reactivation is also paralleled by changes in a large variety of immune markers of cellular immunity which are important in the long-term control and suppression of replication of persistent and asymptomatic EBV in the normal person (12, 13). These studies elegantly document the importance of the balance between persistent EBV and cellular immune system competency which can be disrupted by psychological stress, leading to reactivation and replication of EBV, and subsequent manifestation of symptoms of EBV infection, which if the stress is maintained, can become prolonged and lead to CFS/ME and other diseases, such as nasopharyngeal cancer and post-transplant lymphoproliferative disorder (PTLD) (58). The various types of stress that can adversely affect the efficacy of the cellular immune response include marital stress (59), student examination stress (56), attachment anxiety or fear of abandonment and rejection (60), loneliness (61), etc. But physical stress by itself does not have this effect (62).

Psychological stress triggers release of glucocorticoids which activate EBV lytic infection through the upregulation of the immediate early BZLF1 gene expression (63). The cause of the pro-inflammatory state with EBV reactivation is the EBV-encoded deoxyuridine triphosphate nucleotidohydrolase (dUTPase) which modulates innate immunity in human primary monocyte-derived macrophages through toll-like receptor (TLR)-2 signaling leading to NF-κB activation and the production of pro-inflammatory cytokines. EBV dUTPase induces sickness responses in mice (64). Restraint stress (unavoidable stress which causes autonomic and behavioral changes) results in impairment of learning and memory which is due to expression of EBV dUTPase (65).

CFS/ME patients exhibit prolonged raised antibody titers against EBV dUTPase and EBV DNApol which are neutralizing, and may be used to identify CFS patients in which their disease pathogenesis is due to ongoing EBV reactivation (66). However, global screening of serum antibody responses to an EBV peptide array in serum of CFS/ME patients compared with controls revealed strikingly similar patterns (67).



EPSTEIN-BARR VIRUS (EBV) INDUCED GENE 2 (EBI2)

Epstein-Barr Virus (EBV) induced gene 2 (EBI2) is a G-Protein Coupled Receptor (GPCR), also known as GPR183, which was originally identified as the main induced gene in Burkitt's Lymphoma cells upon infection with EBV (68). EBI2 has been found to be highly expressed in peripheral blood mononuclear cells (PBMC) (B, T, NK, monocytes, and granulocytes) during EBV reactivation (68–70), is a regulator of B cell partitioning in tissues of the lymphoid system and is critical for T-cell mediated antibody responses (71–74) and inflammation (71, 72, 75). EBI2 has also been found in dendritic cells and monocytes (76). EBI2 is activated by oxysterols and pertussis toxin-sensitive heterotrimeric G proteins, resulting in decreased cyclic AMP, mobilization of calcium and activation of the extracellular signal related kinase (ERK) pathway (69, 77). High affinity EBI2 agonists are the oxysterol, 7α 25-dihydroxycholesterol (7α25HC) and related compounds (78, 79). Activation of EBI2 with 7α25HC results in a wide range of functional responses including cell migration and calcium mobilization (78, 79). 7α25HC is synthesized from cholesterol (80). Other oxysterols also activate EBI2 but with lower potency (78).

EBI2 also plays an important role in the central nervous system (69). Astrocytes are the macrophages of the brain and protect it against invading pathogens and astrocyte abnormalities are implicated in multiple sclerosis (MS), Parkinsons Disease (PD), Amyotrophic Lateral Sclerosis (ALS), and Alzheimer Disease (AD). Oligodendrocytes are the main cells involved in myelination of nerve fibers of the brain and are implicated in leukodystrophies and leukoencephalopathies. Cholesterol is a crucial component of myelin and cholesterol deficiency results in motor symptoms (81). Abnormal levels of oxysterols have been found in AD, MS and Experimental Allergic Encephalomyelitis (EAE). Mutations in CYP7B1 gene have been demonstrated in Spastic Paraplegia Gene 5 (SPG5) and lead to lesions of upper motor neurones, periventricular areas and subcortical white matter (82, 83). Brain cholesterol is synthesized in the brain as it can't traverse the blood brain barrier (BBB) (84, 85). The cholesterol metabolite, 24(S)-hydroxycholesterol (24(S)HC) is a brain-specific oxysterol which is thought to be synthesized exclusively in the brain and secreted into the circulation via the BBB to maintain steady levels of brain cholesterol (85). Circulating 24(S)HC is believed to be a biomarker for brain cholesterol homeostasis and neurodegenerative disease (MS, PD, AD) (85–87). Oxysterols also have detrimental effects on myelin and oligodendrocyte viability (88, 89).

Dysregulation of EBI2 expression has been demonstrated in EBV infection (68, 69, 73, 74, 76), melanoma metastasis, lymphoblastic leukemia, glioblastoma, bone cancer metastasis, systemic lupus erythematous, chronic rhino sinusitis with nasal polyps, Type 1 Diabetes (69), and CFS/ME (90) (see below). Aberrant oxysterol signaling has been demonstrated in Multiple Sclerosis, Experimental Allergic Encephalomyelitis (EAE), Alzheimer's disease, Parkinsons Disease, Motor Neurone Disease, Cerebrotendinous Xanthomatosis, Hereditary spastic paraplegia type 5 (SPG5), Huntingdon Disease, Age related macular degeneration, atherosclerosis, Inflammatory bowel disease, and osteoporosis (69). EBI2 regulates several genes, important in monocyte function, which are important in the pathogenesis of glioblastoma multiforme and Type 1 Diabetes Mellitus. Knock down of the EBI2 gene in rat monocytes, results in upregulated IRF7 expression. As IRF7 is a critical regulator of the type 1 interferon response, this suggests that EBI2 is a negative regulator of the innate immune response in macrophages (91). However, the precise role played by EBI2 in EBV infection remains to be clarified (68, 69).



EXPRESSION OF EBI2 IN CFS/ME

We have previously found that CFS/ME patients exhibit significantly upregulated expression of EBI2 in PBMC as compared with normal controls, in gene expression arrays and reverse-transcriptase polymerase chain reaction (RT-PCR) confirmation assays (90). EBI2 mRNA (NM_004951) expression was found to be significantly upregulated by a factor of 1.3 in microarray experiments using PBMC from 25 CFS patients vs. 50 normal human controls matched 2:1. This upregulation was confirmed using RT-PCR in 55 CFS/ME patients vs. 75 normal human controls at a fold difference of 3.44 (P = 0.0012) using ABI assay number Hs00270639_s1 (90). In this study, EBI2 was found to be unregulated in 55% CFS/ME patients, one of whom was a 26 year old woman whose CFS/ME had been triggered by laboratory documented EBV infection 10 years prior (90). All those with raised expression of EBI2 were also positive for serum anti-VCA IgG.

Microarray experiments identified 88 human genes which were upregulated in CFS/ME, and the RT-PCR expression data on these 88 human genes in 52 CFS patients was then clustered and this identified seven gene expression subtypes. These gene expression derived subtypes differed significantly in measures of clinical symptomatology and neurocognitive functioning (90). Of these 88 human genes which were differentially expressed in CFS patients, they could be divided into two groups each with 44 genes, one group of which showed quite predictable up regulation across most CFS/ME patients and in the other group, the expression was much more variable. EBI2 was one of those which was more variably upregulated in PBMC of CFS/ME patients. This is illustrated in Figure 1, in which 12 of 31 (38%) patients exhibited EBI2 up regulation as compared with none of 40 normal controls.
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FIGURE 1. Expression of Epstein-Barr Virus (EBV) induced gene 2 (EBI2) (open ellipse) and Neuropathy Target Esterase (NTE) (asterisk) genes in 40 healthy blood donors (shown on the Left) and 31 Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) patients (shown on the Right). Upregulated EBI2 mRNA expression was demonstrated in 12 of 31 CFS/ME patients, and in none of the controls.



Although it was known in 2008 that EBI2 was upregulated in PBMC of CFS/ME patients (90), the significance was not understood at the time as little was known about the gene and its function. However, with the recent identification of EBI2 as a critical regulator of the immune response with importance for a variety of autoimmune diseases and cancer, its significance in the pathogenesis of CFS/ME has been recognized.



POSSIBLE LINK BETWEEN EBI2 EXPRESSION, EBV LATENCY, AND CLINICAL SEVERITY IN CFS/ME

As part of a separate study of microbial infections in CFS/ME, we analyzed EBV antibody markers in 117 CFS/ME patients which had been grouped into eight subtypes (A-H) based on clustering of RT-PCR expression data for 88 CFS/ME-associated genes (34). These 117 CFS/ME patients included 55 CFS/ME patients who had been included in the previous study (90), 56 CFS/ME patients who had not previously been studied and six whose disease had been triggered by acute Q fever (QFS) (34). The CFS/ME patients exhibited 90% EBV seropositivity which is to be expected (34).

Subtype D was the most interesting in terms of EBV infection markers and clinical phenotype (34). Subtype D consisted only of females and had the most severe clinical phenotype, with the lowest functional level on SF-36 scoring (physical role, vitality, general health, bodily pain, and total score) and a high frequency of muscle pain and sleep problems (Figures 2A,B). EBI2 was expressed at the highest level in PBMC of subtype D patients [fold difference (CFSME/Normal), 14.93] as compared with the other subtypes [Mean fold difference (CFSME/Normal), 3.004] (34). There were no discernible differences in EBV antibody markers [viral capsid antigen (VCA) IgM and IgG, early antigen (EA) IgG, and Epstein-Barr nuclear antigen (EBNA) IgG] between subtypes, except that in Subtype D, CFS/ME patients had a markedly reduced titer of EBNA IgG (Figure 2D).
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FIGURE 2. (A) Medical Outcomes Survey Short Form-36 (SF36) domain and total scores for each chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) subtype: physical function (PF), physical role (RP), bodily pain (BP), general health (GH), vitality (VIT), social functioning (SF), emotional role (RE), mental health (MH), and total score (Total). (B) Scores indicating occurrence and severity of 11 clinical symptoms for each CFS/ME subtype: headache (HA), sore throat (ST), swollen glands (GLA), cognitive defect (COG), muscle pain (MP), joint pain (JP), muscle weakness (MW), post-exertional malaise (PEM), sleep problems (SLE), fainting/dizziness (F/D), gastrointestinal complaints (GI), numbness/tingling (N/T), spatial span (SSP), verbal recognition memory (VRM). (C) Histogram showing the numbers of CFS/ME patients of each subtype occurring in each of the six geographical locations. (D) Epstein-Barr virus (EBV) antibody titers [viral capsid antigen (VCA) IgM, VCA IgG, early antigen (EA) IgG, Epstein-Barr nuclear antigen (EBNA) IgG] in each CFS/ME subtype and the normal comparison group. (E) Distribution of categories of EBV serostatus (seronegative, primary/re-activation, late phase of infection) in the CFS/ME subtypes, A-H, in CFS/ME (all subtypes combined) and in normal controls. (F) Log (base 2) of fold-difference values of 10 human genes known to be important in EBV infection, in eight CFS subtypes (A-H). Reproduced from Figure 1 of reference no. 34 with permission from BMJ Publishing Group Ltd. (License number 4413611406714).



Epstein-Barr virus nuclear antigen 1 gene (EBNA1) is important in establishing and maintaining the altered state that cells undergo during EBV infection, and is the only EBV protein found in all EBV-associated malignancies. EBNA1 has a glycine-alanine repeat which stabilizes the protein, prevents its breakdown, impairs antigen processing, and MHC class I-restricted antigen presentation, resulting in inhibition of the CD8-restricted cytotoxic T lymphocyte response against EBV infected cells, thus favoring latency (92). The finding that CFS/ME patients of subtype D with EBI2 mRNA upregulation had lower titers of EBNA IgG than the other subtypes (Figure 2D), supports the idea that subtype D is associated with a higher prevalence of EBV latency, as lytic infection is required to expose this antigen to circulating lymphocytes, a necessary step in developing serum EBNA IgG positivity.

In one study, it was shown that in 10% CFS/ME patients, EBNA IgG titers were low or absent (93). Multicolor flow cytometry revealed that the frequencies of EBNA-1-specific triple TNF-α/IFN-γ/IL-2 producing CD4(+) and CD8(+) T-cell subsets were significantly diminished in CFS/ME patients (93).

Within the CFS/ME-associated gene signature of 88 human genes, 12 had recognized associations with EBV infection. One of these was EBI2, as discussed, and the others were NFKB1, EGR1, ETS1, GABPA, CREBBP, CXCR4, HIF1A, JAK1, IL6R, IL7R, and PIK3R1. Striking associations were found for these 12 genes across subtypes, and subtype D had the highest levels of all of them in PBMC (Figure 2F).



HETEROGENEOUS EBI2 UPREGULATION MAY CONTRIBUTE TO THE VARIABILITY OF IMMUNE AND NEUROLOGICAL ABNORMALITIES IN CFS/ME

The following have been variably been found in CFS/ME patients; increase in the number of circulating B lymphocytes, increase in activated T lymphocytes, reduction in NK cell numbers and/or function, deficiency in antibody-mediated cellular cytotoxicity (ADCC), Th2 profile of helper T cell responsiveness, reduced TGF1 expression, increased neutrophil apoptosis, and deficiencies in particular IgG subsets (Table 2). During the normal humoral immune response, activated B cells upregulate EBI2 which mediates their journey to the outer follicle where they interact with T helper cells. After CD40 engagement, EBI2 expression results in cells moving away from the B-T boundary toward the outer and inner areas of the follicle (73), differentiation into plasmablasts, and mounting of a rapid antibody response. Some B cells move to the central follicle, differentiate into germinal center B cells, to later exhibit antibody affinity maturation (71–75). A higher than normal expression of EBI2 could result in both increased numbers of B cells in the circulation, and in reduced T cell help and therefore deficiencies in particular IgG subsets, and reduced antibody affinity maturation. EBV reactivation is associated with expansion of differentiated and activated CD4 and CD8 T lymphocytes and later with decline in these cells as exhaustion takes over (94), and so the timing of EBV infection in CFS/ME will affect research studies on immune abnormalities. NK cells are important in defense during the early stages of primary EBV infection (94). Innate immune control of lytic EBV infection by early differentiated NK cells was found to attenuate infectious mononucleosis (IM) (95). It has been proposed that NK cells are important in the long-term control of EBV (96), which may account for the variable findings related to NK numbers and function in CFS/ME, as not all CFS/ME patients will have EBV reactivation at the time of sampling.

Abnormalities in white matter, gray matter and in cerebral perfusion have been found in CFS/ME patients, and these occur in a similar presentation to those of MS patients. Both CFS/ME and MS patients have reduced cerebral perfusion, gray matter reduction and white matter hyper intensities, although individual patients are variably affected (97). As EBI2 expression and oxysterol dysregulation have been linked with the pathogenesis of MS (69), and as MS is characterized by a relapsing and remitting course, in which subtypes exist and in which EBI2 is variably upregulated in some of these, it is logical to suggest that heterogeneous EBI2 expression may similarly play a role in the neurological abnormalities found in CFS/ME.

Although we know that there are a variety of immune abnormalities which occur with regularity in CFS/ME patients, these do not occur invariably, and none can be used as a marker for the presence of the disease. However, the upregulation of EBI2 in a subset of CFS/ME patients may contribute to this phenomenon.



EBI2 MODULATORS

EBI2 is a key receptor in B, T and dendritic cells, modulating the T and B cell response to blood borne antigens (76). As EBI2 and/or its oxysterol ligands are upregulated in B cell malignancies and autoimmune diseases (Type 1 Diabetes, rheumatoid arthritis, systemic lupus erythematosus, and multiple sclerosis), two EBI2 modulators are being developed. GSK682753A is a small molecule, potent EBI2 antagonist which blocks 7a25HC stimulation of the EBI2 receptor in a recombinant system (98). NIBR189 is a potent selective antagonist of EBI2, which has been developed in paradigms relevant to cardiovascular disease (99).



LIMITATIONS OF THE HYPOTHESIS THAT EBI2 UPREGULATION IS IMPORTANT IN A SUBSET OF CFS/ME PATIENTS

The raw data underpinning the present review were generated by only one research group. Therefore, it would be important that these findings are replicated in additional CFS/ME patients and normal controls by independent research groups.

Elevated levels of antibodies to EBV VCA, EA, and DNase have been reported to occur in CFS/ME patients (20, 21, 66, 100–105) albeit inconsistently (106–108). However, it is important to understand that EBV antibody markers may associate with CFS/ME, but this does not prove that EBV has triggered the disease in those particular cases. The seroprevalence of EBV in the general population and in CFS/ME patients is ~90%. And the proportion of CFS/ME patients with EBI2 upregulation was found to be between 38 and 55% CFS/ME patients, all of whom had IgG to EBV VCA. For a disease in which a variety of microbial triggers are recognized, our findings are consistent with the hypothesis that upregulation of EBI2 is important in the pathogenesis of disease in a subset of CFS/ME patients. However, this hypothesis remains wholly unproven and it is not understood what factors, in addition to EBV infection, are required for upregulation of EBI2 in an individual patient.

Although EBI2 was found to be the most upregulated gene in EBV-infected Burkitt lymphoma cells (68) and has been shown to be important in a variety of autoimmune diseases and cancers, the particular role of EBI2 in the pathogenesis of EBV infection still remains to be elucidated. Therefore, the possible pathogenetic role of EBI2 upregulation in CFS/ME patients remains speculative at present.



CONCLUSION

CFS/ME is a heterogeneous disease which is frequently triggered by virus infection, including EBV. Subtypes are well recognized but to date are difficult to identify objectively. Evidence is presented to document that a subset of CFS/ME patients exhibit up regulation of EBI2 mRNA in PBMC. EBI2 is a gene which is induced by EBV infection and which has been found to be upregulated in a variety of autoimmune diseases. EBI2 is a critical gene in immunity and central nervous system function; it is a negative regulator of the innate immune response in monocytes. Its heterogeneous expression in CFS/ME may indicate an ongoing host response to EBV reactivation and on this basis, could explain the heterogeneous occurrence of many of the immune and neurological abnormalities reported in CFS/ME patients. The EBI subtype may account for 38–55% CFS/ME patients. EBI2 antagonists may hold promise for the treatment of CFS/ME patients of the EBI subtype. Further work is required to confirm the role of EBV and of EBI2 and its oxysterol ligands in CFS/ME, and to identify the most practical means to identify patients of the EBI subtype.
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One of the key requirements of a reliable case definition is the use of standardized procedures for assessing symptoms. This article chronicles the development of the DePaul Symptom Questionnaire (DSQ) to assess symptoms of the major chronic fatigue syndrome (CFS) and myalgic encephalomyelitis (ME) case definitions. The original questionnaire has been modified and expanded over time to more fully capture symptoms from various adult case definitions, and a brief as well as pediatric version have also been developed. The DSQ has demonstrated very good psychometric properties in terms of test-retest reliability and sensitivity/specificity, as well as construct, predictive, and discriminant validity. The DSQ allows for a clear characterization of a patient's illness and allows scientists and clinicians to improve diagnostic reliability and validity when employing case definitions of ME and CFS.
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Since 1994, many researchers have used the Fukuda et al. (1) chronic fatigue syndrome (CFS) case definition to select cases, but problems emerged in part due to this case definition not requiring core symptoms of CFS (2). In contrast, myalgic encephalomyelitis (ME) and CFS specialists have developed several adult case definitions that require essential symptoms of ME and CFS: the Canadian Consensus Criteria [CCC; (3)], ME (4), ME-International Consensus Criteria [ME-ICC; (5)], and Systemic Exertion Intolerance Disease [SEID; (6)]. These case definitions are a set of rules that allows investigators and clinicians to determine who has and who does not have an illness. In other words, the goals involve sensitivity (selecting those with the illness) and specificity (not selecting those without the illness).

Criterion variance represents the largest source of diagnostic unreliability for case definitions, and it involves specifying symptoms to classify patients' symptoms into diagnostic categories (7). Criterion variance can occur when there are multiple case definitions without a consensus on which symptoms need to be manifested to arrive at a diagnosis. In addition, case definition unreliability occurs when there is no consensus on scoring rules that specify how to determine whether a particular symptom is severe enough to qualify as satisfying criteria for the case definition, or when symptoms are not assessed by standardized instruments (8). These issues can result in investigators selecting samples of patients who are different on fundamental aspects of this illness. The consequences of these types of unreliability include difficulties replicating findings at different laboratories, estimating prevalence rates, identifying biomarkers, and determining effective treatments (9).

ME and CFS case definitions (1, 3–6, 10) have some overlapping and some different diagnostic criteria. In spite of the fact that there are currently alternative case definitions, it is still important to develop standardized ways to measure the symptoms just as this has occurred with other illnesses (11). The National Institutes of Health/Centers for Disease Control and Prevention (NIH/CDC) Common Data Elements (CDE) working group has recently recommended a set of instruments to be used by researchers, and for baseline symptoms the working group recommended using either the DePaul Symptom Questionnaire [DSQ; (12)] or a combined instrument using both the CDC's Symptom Inventory [SI; (13)] as well as items from the DSQ (even though the SI and DSQ differ on a number of dimensions, including the time period in which symptoms are measured and anchor points for the assessment of symptoms). Because of the recommendation for the use of the DSQ, this article reviews the genesis and psychometric properties of the different versions of the DSQ.


EARLY EFFORTS TO ASSESS SYMPTOMS

The DePaul research team's first attempt to measure CFS symptoms based on the Fukuda et al. (1) case definition involved the development of the CFS Screening Questionnaire. The instrument assessed 22 symptoms and was administered to four groups including those with CFS, lupus, multiple sclerosis (MS), and healthy controls (14). While the screening scale had excellent test-retest and interrater reliability, and patients with CFS could be differentiated from healthy controls, those with CFS could not be differentiated from the other illnesses. Subsequently, Hawk et al. (15) developed the CFS Questionnaire, which assessed whether each of a patient's symptoms had been present for 6 months or longer, how often the symptoms were experienced (never, seldom, often/usually, always), and the intensity of each symptom on a 100 point scale (0 = no problem and 100 = the worst problem possible). We decided to measure both symptom frequency and severity, as a severe symptom that occurs infrequently, or a very mild symptom that occurs frequently might not negatively affect patients. The items had adequate reliability, and Hawk et al. (16) later found that just six variables (i.e., percentage of time fatigue reported, postexertional malaise severity, unrefreshing sleep severity, confusion–disorientation severity, shortness of breath severity, and self-reproach) could differentiate with 100% accuracy patients with CFS from those with major depressive disorder (MDD).

In the next DePaul investigation, Jason et al. (17) administered a 22-item ME/CFS Fatigue Types Questionnaire to patients with ME and CFS, and controls. Factor analyses revealed a five-factor structure for participants with ME and CFS (with one factor being PEM, whose items were later used in the original DSQ), but the controls evidenced only a one-factor solution. This questionnaire focused on different aspects of fatigue, and our next effort attempted to assemble a more comprehensive questionnaire of symptoms.



DSQ-1

The original version of the DSQ (termed “DSQ-1”) is a self-report measure of ME and CFS symptoms, demographic characteristics, and medical, occupational, and social history (12). The DSQ-1 includes 99 items, 54 of which assess the frequency and severity of ME and CFS symptoms required by several case definitions (See Data Sheet 1). A particular focus is placed on symptoms that fall within domains specified in the CCC (3), including fatigue, PEM, neurocognitive, sleep, pain, autonomic, neuroendocrine, and immune. Participants rate each symptom's frequency over the past 6 months on a 5-point Likert-type scale (e.g., 0 = none of the time, 2 = about half the time, 4 = all of the time). Likewise, participants rate each symptom's severity over the past 6 months on a 5-point Likert-type scale (e.g., 0 = symptom not present, 2 = moderate, 4 = very severe). While frequency and severity scores are considered separately in order to determine whether participants fulfill case definitions (see Data Sheet 1), researchers can also examine each symptom's intensity by multiplying frequency and severity scores by 25 to create 100-point scales (for ease of interpretation), then averaging each symptom's frequency and severity score to create a symptom composite score.

Considerable developmental work and testing have occurred over time with this instrument. For example, Jason et al. (8) found that that a symptom of moderate or greater severity occurring at least half of the time accurately distinguishes patients from controls. A study by Evans and Jason (18) suggested that the DSQ-1's 6-month timeframe (compared to 1-week or 1-month timeframes) led to the most reliable reports of ME and CFS symptoms. Jason et al. (19) found that the DSQ exhibited good to excellent test–retest reliability, with Pearson's or kappa correlation coefficients that were 0.70 or higher for the majority of items. An early factor analysis of the DSQ-1 symptoms (n = 189) resulted in a three-factor solution (which included one named PEM), and these factors evidenced good internal consistency (20). A later factor analysis with a larger sample (n = 969) found four factors: PEM, cognitive dysfunction, sleep difficulties, and a factor consisting of neuroendocrine, autonomic, and immune symptoms (21). Using the DSQ-1, Huber et al. (22) were able to extract six potential illness subtypes after performing a latent class analysis of symptoms that loaded onto the combined factor, including those who were likely to endorse all non-core symptoms; none of the non-core symptoms; primarily gastrointestinal symptoms; primarily circulatory symptoms; gastrointestinal and circulatory symptoms; and finally those with circulatory symptoms and orthostatic intolerance.

Other research has also confirmed different psychometric properties of the DSQ-1.When Murdock et al. (23) evaluated the performance of three self-report symptom measures (the DSQ-1, Multidimensional Fatigue Inventory, and RAND SF-36) in a sample of ME and CFS patients and controls, Cronbach's alpha statistics of the 40 DSQ-1 items that loaded onto four previously-identified factors (8) were indicative of excellent internal consistency reliability (α = 0.89–0.96). This study also found that the DSQ-1 PEM items were able to differentiate between patients and controls. Furthermore, the DSQ-1 did not have problems of ceiling effects that occurred with two other patient-reported symptom measures. In another study, Jason et al. (24) found that the five PEM items from the DSQ-1 captured the widest group of patients (97%), which was higher than any other item or series of items from different scales designed to measure PEM. Strand et al. (25) compared the agreement between a physician's diagnosis [using the Canadian ME/CFS criteria; (3)] and the DSQ-1's, and found a sensitivity of 98% (n = 55/56); while this study initially reported a specificity of 38% (n = 3/8), a correction was made after subsequent analyses revealed that the five DSQ-1 “false positive” participants had documented exclusionary conditions in their DSQ-1 responses and therefore should have been classified as true negatives. In addition, our group has recently developed a subscale to measure PEM (called the DSQ-PEM scale) that includes 10 items from the DSQ-1, and findings indicate it has good sensitivity (82%) and specificity (83%) (26).

The DSQ-1 has been used for a variety of purposes, including documenting specific ME and CFS vision-related abnormalities (27). In addition, using QEEG recordings, Zinn et al. (28) estimated cortical sources and perform a functional connectivity analysis on 84 Brodmann areas representing the entire cortex. Neurocognitive impairment, as measured by the DSQ-1's cognitive composite score, was negatively associated with small-worldness index for the delta band under observation. Finally, Kemp et al. (29) found seven DSQ-1 self-reported symptoms of autonomic dysfunction [seven autonomic symptoms: bladder problems, irritable bowel problems, nausea, feeling unsteady on feet (like you might fall), shortness of breath or trouble catching your breath, dizziness or fainting, and irregular heartbeats] were found to have a significant association with low frequency heart rate variability, a measure of increased sympathetic activity.

The DSQ-1 has been translated in multiple languages, including Norwegian, Spanish, Japanese, and Persian, and used in countries around the world including Canada, England, Iran, Norway, Spain, Mexico, France, and Japan. It has been employed in data collection efforts with the Solve ME/CFS Initiative's Biobank, the CDC multi-site study, and the Chronic Fatigue Initiative.

Consistent with its primary purpose, the DSQ-1 has been successfully utilized to operationalize various ME and CFS case definitions in order to compare the symptom profiles and functional status associated with different criteria (30–33). Scoring rules enable investigators to determine which of a variety of case definitions are met (see Data Sheet 1 for the syntax of the scoring rules as well as the questionnaire). The DSQ-1 is freely available at REDCap's (34) shared library: https://redcap.is.depaul.edu/surveys/?s=H443P9TPFX. Participants are able to save their responses and return to the questionnaire as many times as needed, as severely ill individuals many not be able to complete the full questionnaire at once. This feature is available for all of the DSQ instruments that are described in this article.



DSQ-2

After several years of using the DSQ-1, feedback from patients and researchers as well as new developments in the field prompted our group to revise the DSQ-1. The revised questionnaire is called the “DSQ-2” (see Data Sheet 2), and we added several symptoms described in the ME-ICC case definition and primer for medical practitioners (5, 35) (See Table 1). Given that the DSQ-1's development coincided with the publication of the ME-ICC (5), we were only able to use approximations for several symptoms included in this criteria. As an example, rather than ratings of frequency and severity, we only asked whether patients had experienced intolerance to extremes of temperature or viral infections with prolonged recovery periods. The DSQ-2 now collects frequency and severity data on these two ME-ICC items. We also added other items due to findings related to orthostatic intolerance and mold sensitivity, and the DSQ-2 included new PEM items based on Ramsay's (36) writings. Furthermore, two items were added based upon feedback from patients who had completed the DSQ-1. Additionally, past participants reported difficulty answering questions related to exercise and activity that referenced the past 6 months, as they had purposefully limited activity in concordance with the Energy Envelope Theory (37). To address this limitation, we added an item to address this issue. In addition, we realized that two of our items on the DSQ-1 were double-barreled, meaning they measured more than one domain. With the DSQ-2, both of these items were split into two separate symptoms. Finally, we learned that the issue of alcohol intolerance was not well-phrased in the DSQ-1, as many patients did not have this symptom over the past 6 months due to not drinking during this period of time. We thus made this a hypothetical question asking what would occur if the respondent were to drink alcohol.



Table 1. New Items added to the DSQ-2.

[image: image]




Using this expanded list of 78 symptoms from the DSQ-2, our team was able to extract an eight-factor structure (i.e., PEM, cognitive impairment, fever and flu, pain, sleep disruption, orthostatic intolerance, genitourinary problems, and temperature intolerance) that better tapped domains of a number of case definitions (38). In addition, using machine learning with the DSQ-2, we were able to differentiate those with ME and CFS from those with MS utilizing five symptoms, including one of our PEM items (“Next-day soreness after non-strenuous activities”) (39). Current work with the DSQ-2 has also found that patients with ME have more severe symptoms than those with MS (40) and post-polio syndrome (41).

As the DSQ-2 includes almost all of the items found in the DSQ-1, it can also be used to operationalize various ME and CFS case definitions. The DSQ-2 is freely available at REDCap's (34) shared library: https://redcap.is.depaul.edu/surveys/?s=4NJ9CKW7JD.



DSQ-SF (SHORT FORM)

In response to the expressed need of researchers and clinicians for a shorter symptom screen, our team has developed a short form of the DSQ (termed “DSQ-SF”) (see Data Sheet 3). In validating our DSQ-SF, we used two distinct samples: a multisite sample [comprised of individuals with ME and CFS (n = 928) and controls (n = 46)] and a chronic illness sample [comprised of individuals with ME and CFS (n = 294), and a control group of individuals with MS (n = 111)]. We aimed to select a small number of symptoms from each of the domains identified in the CCC [i.e., fatigue, PEM, neurocognitive, sleep, pain, autonomic, neuroendocrine, and immune; (3)], as the DSQ-1 was originally developed to measure these criteria.

Based upon the prevalence rate of symptoms and outcomes from decision trees, the following 14 items were selected for inclusion in the DSQ-SF: fatigue (fatigue domain), next-day soreness after non-strenuous activities (PEM domain), minimum exercise makes you physically tired (PEM domain), unrefreshing sleep (sleep domain), muscle pain (pain domain), bloating (pain domain), problems remembering things (neurocognitive domain), difficulty paying attention for a long period of time (neurocognitive domain), irritable bowel problems (autonomic domain), feeling unsteady on your feet, like you might fall (autonomic domain), cold limbs (neuroendocrine domain), feeling hot or cold for no reason (neuroendocrine domain), flu-like symptoms (immune domain), and some smells, foods, medications, or chemicals make you feel sick (immune domain). Sunnquist et al. (42) found, for example, in the multisite sample that relatively similar numbers of patients were identified by the DSQ-1 and the DSQ-SF (69.7% met the CCC case definition as measured by the DSQ-1, and 65.8% met the CCC as measured by the DSQ-SF algorithm).

Our findings suggest that the DSQ-SF may serve as an effective, brief symptom screen for use in time-limited research studies and clinical practice. The DSQ-SF is freely available at REDCap's (34) shared library: https://redcap.is.depaul.edu/surveys/?s=HCT7J8EWPC



DSQ-PED (PEDIATRIC)

Prior to the development of the DSQ-1, our research group had been using a pediatric symptom inventory (43) based on the CCC case definition (3). This symptom inventory was used to assess symptoms found in the Pediatric ME/CFS case definition developed by Jason et al. (43), which had been endorsed by the International Association of Chronic Fatigue Syndrome. We called this instrument the DePaul Pediatric Health Questionnaire, but we will now refer to it as the “DSQ-Ped.” This instrument consists of a parent form (Data Sheet 4) and a child form (Data Sheet 5). Researchers are encouraged to collect data from both children and their parents (i.e., use both forms) to obtain a thorough understanding of the child's illness. Children under the age of 12, or those with reading or comprehension difficulties, complete this questionnaire with the assistance of a parent or guardian. The symptom categories that were assessed in order to meet diagnostic criteria included fatigue, PEM, unrefreshing sleep or disturbance of sleep quantity, pain (myofascial, joint, abdominal, and/or head pain), two or more neurocognitive manifestations, and at least one symptom from two of the following categories: autonomic, neuroendocrine, or immune manifestations. There are a list of symptoms within these categories, and as with the other DSQ instruments, if the respondent indicates that a symptom meets the required frequency and severity rating, then it is counted as fulfilling that domain criterion. Rather than inquiring about symptoms within the past 6 months [as seen in the adult (1) case definition], we used a 3-month time frame. This decision was supported by the work of Fowler et al. (44), as no significant differences emerged between 8 and 17 years old with 3 vs. 6 months of chronic fatigue.

Jason et al. (45) used the DSQ-Ped in a study that compared 33 physician-referred young people with ME and CFS to 21 controls. Findings indicated that the Fukuda et al. (1) criteria in comparison to the Pediatric ME/CFS criteria were less accurate (43) in identifying cases of the illness (24% of patients would be misdiagnosed using the Fukuda criteria vs. only 3% with the Pediatric ME/CFS criteria). Jason et al. (46) also found that the DSQ-Ped was effective in distinguishing between those with severe vs. moderate pediatric ME and CFS. The severe vs. moderate categories were defined by how many symptoms the pediatric samples met, with more symptoms required for the severe category.

We are currently using an updated version of the DSQ-Ped in a community-based epidemiologic study of pediatric ME and CFS (47). This updated version, which is completed by both children and their parents/guardians in the present study, has some small differences from the original instrument, including the elimination of items that may be difficult for children to understand (e.g., next day soreness, muscle twitches, or bloating) as well as the inclusion of child-friendly phasing (e.g., using “no appetite,” “some smells, foods, or chemicals make your child feel sick,” and “upset stomach” in lieu of “nausea”). While psychometric studies of this updated questionnaire are ongoing, the symptoms assessed in this questionnaire were explicitly derived from pediatric case definitions, and the structure of the instrument mirrors that of other well-validated DSQ instruments. Furthermore, to our knowledge, the DSQ-Ped is the only pediatric-specific instrument that assesses all ME and CFS symptoms identified in case definitions. In one recent study, Schultz and Jason (48) found the orthostatic domain of the DSQ-Ped (dizziness, chest pain, shortness of breath, feeling unsteady when standing, and irregular heartbeat) significantly correlated (r = 0.58) with the Autonomic Symptom Checklist, which is a valid questionnaire for assessing various autonomic symptoms.

The DSQ-Ped is freely available at REDCap's (34) shared library:

DSQ-Ped (Parent Report Form): https://redcap.is.depaul.edu/surveys/?s=3FPRX49778

DSQ-Ped (Child Report Form): https://redcap.is.depaul.edu/surveys/?s=7N399W47JF



DSQ-PSQ (PEDIATRIC SCREENER)

We developed a pediatric screening questionnaire (termed “DSQ-PSQ,” see Data Sheet 6) for use in large-scale epidemiological studies to screen potential participants for symptoms of ME and CFS, as full medical evaluations of all participants would not be feasible. Through this questionnaire, parents or guardians are asked to report upon the health status of each of their children. There are three parts of this questionnaire; the first part focuses on whether any children in the household are experiencing prolonged fatigue or exhaustion; the second part has questions pertaining to whether any of the children are experiencing cognitive difficulties or a disruption in their school activities, as some children may be more likely to report school or cognitive challenges to their parents instead of describing the fatigue (a more complex construct to verbalize) that is causing these challenges (49). The third part of the questionnaire evaluates the (1) presence, (2) frequency, and (3) severity of 13 additional ME and CFS-related symptoms, including: frequent headaches, sore throat, joint pain, muscle pain, abdominal pain, lymph node pain, rashes, fever/chills/shivers, eye pain/light sensitivity, problems sleeping, impaired memory or concentration, feeling worse, sick, or being exhausted after exercise, and dizziness.

The DSQ-PSQ “screen positive” criteria are purposefully broad in order to avoid overlooking children with non-traditional presentations, as children who screen positive should subsequently participate in thorough medical and psychiatric exams prior to diagnosis. To screen positive, a parent must endorse that their child reports either fatigue (of at least moderate severity and present at least half of the time) or one of the school or cognitive difficulties listed in the second part of the questionnaire (at any frequency or severity level). Finally, consistent with guidelines from the Fukuda et al. (1) criteria [one of the least restrictive research criteria (30)], screen positive youth must experience at least four symptoms from the third part of the questionnaire (at any frequency or severity). Preliminary psychometric analyses show that parent ratings of their child's symptoms according to these 18 items among screen-positive children and controls, internal reliability is good (α = 0.83).

The DSQ-PSQ is also freely available at REDCap's (34) shared library: https://redcap.is.depaul.edu/surveys/?s=MFF8TXRPC8.



DISCUSSION

In 1994, our team began the initial development of a ME and CFS symptom scale (14). After multiple rounds of testing and refinement, we believed that we have arrived at an instrument, the DSQ-1, that is capable of effectively capturing many of the critical symptoms of ME and CFS. The evidence reviewed in this article suggests that the DSQ-1 has very good psychometric properties including test-retest reliability, sensitivity/specificity, construct, predictive, and discriminant validity. Over the past decade, ongoing efforts have broadened the instrument to include new symptoms (DSQ-2), a briefer version (DSQ-SF), a pediatric version (DSQ-Ped), and a pediatric screener (DSQ-PSQ). Developing questionnaires to ensure that key information is elicited from an interview is one of the critical tasks in operationalizing any case definition.

There are other instruments with excellent psychometric properties that have been developed to measure symptoms such as fatigue and pain (11). However, these instruments have not captured some of the core symptoms of patients with ME and CFS, such as PEM. For example, individuals with other chronic illnesses do experience some version of PEM, but their exertion-induced symptoms are primarily within the fatigue domain, whereas those with ME and CFS have post-exertion symptoms that involve multiple domains, including immune functioning such as flu-like symptoms or swollen lymph nodes (24). In addition, the onset (sometimes delayed) and duration (frequently over 24 h) of their symptoms can vary, which is also not typical of other chronic illnesses. Finally, sometimes symptoms can be reduced significantly by reducing dramatically the amount of activity engaged in. But the individuals would still experience that symptom if they exerted themselves by exceeding their energy boundaries (37). Certainly, the unique characteristics of these atypical symptoms need to be considered when assessing patients with ME and CFS.

While reliability of a case definition is enhanced with the development of questionnaires to standardize the collection of symptom data, it is also essential that a consensus be reached within the scientific community on the symptoms that must be present to satisfy a particular case definition. It is instructive to follow developments in another research area regarding issues involving the reliability of criteria for case definitions. In the 1950s and 1960s, the American Psychiatric Diagnostic and Statistical Manual (DSM)I and -II were comprised of unreliable clinical descriptions of psychiatric illnesses (7). Low interrater reliability in determining a psychiatric diagnosis was due to the inability of two interviewers to agree on the symptoms needed to be present before making a diagnosis. Low interrater reliability was due to criterion variance, deciding what symptoms or criteria were to be used to classify patients' into diagnostic categories.

In 1972, the psychiatric diagnostic Feighner criteria were developed for 16 diagnostic categories of the DSM II. This effort to be explicit about what symptoms were included within each of the 16 categories led to improvements in clinician to clinician diagnostic reliability (50). But it was not enough to have explicit, objective criteria because clinicians also needed to ensure that the diagnostic information could be elicited from an interview. Next, structured interview schedules were developed such as the Structured Clinical Interview for DSM-IV (51), and now diagnostic criteria are elicited by standardized the questions. In other words, these questionnaires reduce differences in the way clinical information is elicited. There are several lessons learned from the DSM; it is essential to develop explicit, objective criteria for a case definition, and standardized interviews can significantly improve the reliability of clinical diagnosis.

In addition to symptoms used in case definitions being clearly identified and assessed through standardized procedures, there is also a need to develop rules regarding whether a symptom is severe enough to count as a symptom for a particular case definition. As an example, the DSQ defines symptom presence as symptoms of at least moderate severity that occur at least half of the time, and there is empirical support for this cut-off. Jason et al. (32) employed a data analytic system whereby the threshold was dynamically adjusted for each DSQ-1 symptom based on observed frequency and severity scores. The results were similar to the cut-off involving at least moderate severity and occurring at least half the time, thus confirming the usefulness of this simpler-to-use criterion. Yet other cut-offs have been recommended, such as Baraniuk et al. (52), who considered complaints of mild or more severe sufficient for CFS attribution. In addition, even case definitions have at times been unclear about these cut-off points. For example, the ME-ICC case definition initially published (5) indicated a severity level of “mild” was equated to a 50% reduction in activity levels but later (35) a “moderate” severity level was equated to a 50% reduction. The above suggests there is still not a consensus on whether to use mild vs. moderate severity as cut-off thresholds, and consequently, this will influence the number of individuals identified as having ME or CFS symptoms.

As another example of this variation, Reeves et al. (53) Symptom Inventory requires symptoms to occur within the past month rather than the past 6 months (as required by the DSQ). The 1-month requirement may inflate the number individuals classified as having ME and CFS and capture, for example, those who experienced severe sore throats in the past month due to influenza. It is not just the rules governing cut-off thresholds and length of time that varies among investigators, but also how symptoms are summed to determine whether a person meets ME or CFS criteria. For example, the case definition proposed by Reeves et al. (53) would be met if an individual rated only two symptoms as occurring all the time, and one was of moderate and the other of severe severity. Therefore, the overall level of symptoms might be low for some patients with this summary method.

The reliability of a case definition also depends upon the operationalization of other frequently included criteria. For example, this includes a “substantial reduction in functioning” (54–56), “lifelong fatigue” (57), “fatigue not substantially alleviated by rest,” and “fatigue that is the result of excessive exertion” (56). Attempts to concretely define these criteria have been met with considerable controversy [e.g., (58)]. For example, Reeves et al. (53) operationalized the way a patient's substantial reduction in functioning was measured using what was called the “empiric criteria.” These researchers selected an instrument [i.e., the 36-Item Short Form Health Survey; SF-36, (59)], and if a patient met criteria for one of several specified subscales within the SF-36, the patient would meet the substantial reduction criteria for having CFS. However, one of these domains was “role emotional” functioning, and every person with a diagnosis of MDD would meet the criteria for “role emotional” functioning (60). This example demonstrates the necessity of specifying not only the instruments to be used, but also which of the instrument's subscales are appropriate and what the cut-off points are for meeting the threshold for disability. If mistakes occur on these critical choice points, it is possible that individuals with other illnesses will be misdiagnosed. To illustrate this point, using the Reeves et al. (53) “empiric criteria”, with its decision to use “role emotional” functioning as a measure of substantial reduction, over one-third of individuals with MDD might have been inappropriately classified as having CFS (60). These types of decisions on how to assess substantial reductions in functioning as well as other decisions such as counting a symptom as needing to occur for only 1 rather than 6 months could be responsible for the estimated 10-fold increase in CDC prevalence estimates of CFS that occurred from 2003 to 2007 (9).

As mentioned in the introduction, the CDC/NIH CDE tasks were to recommend instruments that could be used by investigators to study ME and CFS, but they did not specify what subscales to use or scoring rules regarding thresholds that needed to be met. Criterion variance can occur when specifications of subscales, scoring rules or case definition are not specified. Without such specification, the same symptoms may not be described in different case definitions (1, 3, 5, 6, 61). As stated by Janson et al. (9), in addition to recommending measures, reducing criterion variance will only occur when there is a consensus on what subscales, scoring rules, and research case definition is to be employed in different settings (7).

A report from the IOM (6) recommended a “continuing surveillance of the evidence and revisiting of the criteria in no more than 5 years” (p. 188). Two years later, an NIH request for funding of ME/CFS centers recommended “that the investigators utilize the Canadian Consensus Criteria for ME/CFS as proposed by Carruther[s] and colleagues in 2003 and revised by Jason and colleagues in 2010, and the recent case definition from the Institute of Medicine Report on ME/CFS” (62). This NIH funding request suggests that the federal government has preferences for grant applications that use these two sets of criteria. Yet these case definitions were developed as clinical rather than research case definitions. Some prefer a broader perspective and others a more narrow one in the diagnosis and case definition, and both positions have some merit, and we might eventually call one more clinical criteria and the more research oriented. As an example, Jason et al. (63) suggested the following classification system, those with just chronic fatigue of 6 or more months would be the broadest category (similar to the Oxford criteria), those who meet a ME/CFS clinical criteria would be represented by the IOM (6) criteria (with few exclusionary illnesses), and a purer ME criteria could be based either on the Canadian Consensus Criteria (3) or work of Ramsay (36). Sophisticated and methodologically sound research methods could also be used to select and operationalize criteria for a research case definition (22, 31, 32, 64).

Our article highlights the development of DSQ in various forms. This type of interview schedule ensures that necessary symptom information is elicited reliably from an interview. This instrument is one of a variety of measures being recommended by the CDC NIH/CDE to assess ME and CFS domains, but there is now a need to also recommend a research case definition, as well as reach a consensus on other critical case definition criteria, such determining which subscales to use, what thresholds determine symptoms counting as a problem, and how to operationalize substantial reduction in functioning, lifelong fatigue, fatigue not substantially alleviated by rest, and fatigue that is the result of excessive exertion. Using large data sets and sophisticated research methods, we can work toward coming to a consensus on these issues.

An international, transparent, and inclusive effort, involving scientists, patient organizations, and government groups, could be assembled to resolve these fundamental reliability and diagnostic issues.
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Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a chronic illness that causes a range of debilitating symptoms. While most research has focused on adults, the illness also presents in children and adolescents. Many physicians find it difficult to diagnose the illness. In this commentary paper, we discuss a range of salient themes that have emerged from our ongoing research into the prevalence of ME/CFS in children and adolescents. We discuss reasons why pediatric prevalence estimates vary widely in the literature, from almost 0% to as high as 3%. We argue that there is considerable misdiagnosis of pediatric cases and over-inflation of estimates of pediatric ME/CFS. Many children and teenagers with general fatigue and other medical complaints may meet loose diagnostic criteria for ME/CFS. We make recommendations for improving epidemiological research and identifying pediatric ME/CFS in clinical practice.
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INTRODUCTION

Children and adolescents with suspected myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) regularly present with persistent fatigue, sleep disturbance, and an array of other symptoms, such as headaches and cognitive difficulties (1). ME/CFS is noted for being a major cause of long-term school absence and has profound negative ramifications for social development, educational achievement, and future employment (2, 3). The illness is associated with co-morbid anxiety and depression (4). It is known that children with chronic health problems exhibit higher rates of distress, anxiety, and depression (5). Taking these factors together, it is vital that young patients with this illness are correctly identified, so that they might receive a speedy diagnosis and appropriate medical care and social support.

Epidemiological studies report a wide range of prevalence estimates of ME/CFS in this age group. Some estimates are as low as 0.1% (6), while others suggest rates of 2.6% (7); and rates for CFS-like illness go as high as 4.4% (8). Girls are at greater risk of developing ME/CFS, particularly post-puberty (9). This wide spread in prevalence estimates appears to result from researchers using different diagnostic criteria to classify cases and applying different methods to sample and identify cases, such as postal or telephone questionnaires, community-based surveys, and clinical interviews. Given the general lack of consistency in methodologies applied, inconsistency in prevalence estimates is not surprising. However, such inconsistency suggests a problem with the methods used to identify young ME/CFS sufferers. It is clear, with estimates as low as 0.1% and as high as 3–4%, many young patients are being misdiagnosed, either under or over. Misdiagnosis in this vulnerable group has profound implications, since a false positive diagnosis may lead to inappropriate labeling of a child with ME/CFS and improper intervention with treatment (10), while under-diagnosis might mean a child or teen not receiving the care they require. If researchers are unable to reliably identify pediatric cases of ME/CFS, how confident can we be that clinicians are able to diagnose cases at the clinic level? We know doctors often find it difficult to diagnose ME/CFS and adult sufferers commonly wait an average of 5 years for a diagnosis (11).



THE ROOT OF THE PROBLEM

The International Chronic Fatigue Syndrome Study Group Criteria (12) is one of the most cited in the literature. The Fukuda Criteria requires severe and disabling new-onset fatigue lasting at least 6 months, accompanied by four or more of eight symptoms: impaired memory or concentration, sore throat, tender cervical or axillary lymph nodes, muscle pain, multiple joint pain, headaches, unrefreshing sleep, and post-exertional malaise (PEM). However, in the UK an alternative case definition, known as the Oxford Criteria (13), is promoted, that is much broader, given it only requires a single symptom—severe and disabling fatigue of definite onset that is present for at least 6 months and affects physical and mental function. Other symptoms often found in ME/CFS patients, headaches, sleep problems, orthostatic intolerance and so on, may be present, but are not required to be diagnosed with ME/CFS using Oxford Criteria.

In 2015, a report by the US Institutes of Health found the Oxford Criteria too broad to be of value in investigations of ME/CFS (14). The report stated that use of this case definition could impair progress and cause harm by conflating fatigue as a complaint with the illness ME/CFS. The Fukuda case definition has also been criticized; while it requires the presence of other symptoms to render a diagnosis, it does not specifically mandate that patients experience post-exterional malaise (PEM), which is considered a cardinal symptom of the illness. There are newer case criteria for ME/CFS, such as the Canadian Consensus Criteria and the International Consensus Criteria or the U.S. Institute of Medicine (now known as the National Academy of Medicine) Systemic Exertional Intolerance Disease formulation, that require the presence of PEM, however there continues to be a lack of consensus on which diagnostic criteria should be used (15). Researchers studying children or teens with the illness arbitrarily select a criterion to identify cases.

Most research in ME/CFS has focused on adults with the illness. In many adult studies, broad case definitions that require little more than fatigue as the presenting complaint, have been used to recruit patients into clinical trials of treatment interventions; commonly psychological and behavioral treatments, such as cognitive behavioral therapy (CBT) and graded exercise therapy (GET). For example, the largest clinical trial of psycho-behavioral treatments in adults, the UK PACE trial, tested CBT and GET against standard medical care and a pacing therapy (16). The PACE trial reported CBT and GET to be moderately effective compared with pacing treatment or standard medical care. However, recent commentaries have questioned whether PACE recruited true-positive ME/CFS cases (17, 18)—-the Oxford Criteria was employed to select participants. Recent reanalyses of data from the PACE trial suggests treatment benefits were grossly over-stated (19).

Another major problem in this field of research is the ubiquity of “fatigue” or “chronic fatigue” as a medical complaint and its conflation with “chronic fatigue syndrome.” Pediatric studies of ME/CFS that apply broad diagnostic criteria may recruit cohorts with generalized fatigue, rather than cohorts with the cardinal symptomology of myalgic encephalomyelitis (20), proposed by Ramsay (21). The Oxford Criteria requirement to only need ongoing fatigue as a presenting complaint means many young patients with general fatigue issues could be misclassified as having ME/CFS. Up to 20% of adult patients seen in community/primary care settings present to doctors complaining of fatigue and up to 33% of adolescents experience fatigue at least 4 days per week (22, 23). UK community doctors are encouraged to refer young patients with suspected ME/CFS to be treated within specialized CFS clinics that offer CBT and exercise therapy (24). However, for adult ME/CFS patients referred to these clinics, there is a diagnostic error rate of at least 40% (25, 26) and the majority of patients treated (90%+) still report having ME/CFS at long-term follow up (27). In one of these clinics, many patients were eventually diagnosed with other conditions to explain their fatigue; 47% being diagnosed with a chronic disease, 20% a primary sleep disorder, 15% a psychological/psychiatric illness (most commonly, depression, anxiety, and post-traumatic stress disorder), and 4% a cardiovascular disorder (26). Community doctors find it difficult to differentiate fatigue linked to undiagnosed medical or mental health complaints, from clear ME/CFS.

A series of epidemiological studies into ME/CFS prevalence in teenagers conducted at the University of Bristol used a birth cohort database called the Avon Longitudinal Study of Parents and Children (ALSPAC). This database includes information on 14,500 families from Bristol and the surrounding region, with health status monitored through self-reported questionnaires filled out by both parents and children. The ALSPAC database, in conjunction with follow-up questionnaires, has been used to assess pediatric chronic fatigue prevalence, with rates reported of 1.47% at age 13 years, 2.22% at age 16 years, and 2.99% at age 18 years (28). Here “chronic disabling fatigue” is used as a proxy measure of chronic fatigue syndrome. In one of these studies published in Pediatrics, 41% of parents (n2201) reported their teenager being tired or lacking energy in the last month. Clearly, fatigue is a common complaint among adolescents. Of 2,201 possible CFS cases identified, after exclusions (e.g., fatigue not causing loss of activity), 4.17% (n207) with fatigue > 3 months and 2.76% (n137) with fatigue > 6 months were classified as possible cases (29). After a “Life at 16 Questionnaire” was administered to this cohort to match 16-year olds with self-reported fatigue–this generated a CFS prevalence estimate of 1.9% (29). Across the ALSPAC studies, estimation of prevalence uses proxy measures of CFS (chronic disabling fatigue), parental reported fatigue, self-reported fatigue and or school absence; however, there is a lack of detailed clinical screening or the requirement for cardinal symptoms of ME/CFS to be present, such as post-exertional malaise. As such, the near 2% prevalence rate to emerge from the ALSPAC studies, is likely to be an over-estimation of pediatric ME/CFS.



NOT ALL FATIGUE IS THE SAME

Since fatigue is a common complaint among children and adolescents and up to half of all parents perceive their children to have “a problem” with fatigue (29, 30), there is a clear need for robust clinical investigations to assess the causes of presenting fatigue in young patients–whether it is the usual fatigue many teenagers experience, or whether it is the type of fatigue that is characteristic of ME/CFS (not all fatigue is the same). Any methodological approach that conflates the symptom of fatigue with ME/CFS is likely to inflate case estimates. For example, in the 2.99% prevalence rate of chronic disabling fatigue reported at age 18 years (28), only 29% of this CDF cohort meet the US CDC/Fukuda criteria for CFS; whereas presumably most would meet UK guidelines for CFS (31). In UK pediatric prevalence studies that apply the CDC criteria, pediatric prevalence falls to 0.019–0.05% (32, 33). This is an illuminating finding.

In the Crawley et al. prevalence study of chronic disabling fatigue at age 13, only 30.7% of teens identified as possible CFS cases had presented to a doctor complaining of fatigue (34). Presumably, the other 69.3% didn't feel their fatigue was related to a medical condition like ME/CFS, that required medical attention. Even when children or teenagers (most likely with concerned parent) present to doctors complaining of fatigue, a diagnosis of ME/CFS requires a triangulation approach, using multiple strands of information to build up a clinical case profile that helps exclude other potential medical or psychological conditions (35). Where careful clinical screening is applied, with clinicians undertaking a detailed case history, laboratory tests or psychological screening, pediatric prevalence rates fall to as low as 0.1% (6) or 0.06% (36).

Depression, mental health complaints and substance abuse, are a major cause of unexplained fatigue in young ME/CFS patients (6), thus there is a clear need for pediatric patients to be carefully screened before being given a ME/CFS diagnosis (37). The difficulty for any physician will be how to differentiate co-morbid depression and anxiety from primary depression or anxiety, as the cause of presenting fatigue. Failure to robustly assess mental health as a possible cause of fatigue is likely to lead to inflated estimates of ME/CFS. In the study of CFS rates among 16 year-olds, rates of CFS fell by more than two-thirds, from 1.89 to just 0.6%, after investigators removed those with high levels of depressive symptoms from their analysis (29). This lower 0.6% figure is much closer to rates of ME/CFS reported among adults, which commonly fall between 0.1 and 0.5% (38).



IMPLICATIONS FOR TREATMENT

The problem with over-estimation of pediatric ME/CFS is an epidemiological one that is likely to impact resource allocation and health planning. However, misdiagnosis at the clinic level is even more concerning–many children and teenagers may be wrongly diagnosed with ME/CFS. These young patients will most likely trust a diagnosis given by a physician and they are likely to follow recommended care, which might include being offered psycho-behavioral therapies like CBT or graded exercise (which are recommended based on clinical trials that apply the same loose diagnostic tools that generate inflated prevalence estimates). The Bristol ALSPAC research team, that report prevalence rates as high as 2%, are active in testing CBT and GET on children and teenagers with suspected ME/CFS (39, 40). There is a concern that psychological therapies may help teenagers that perhaps have undiagnosed psychological complaints or general fatigue complaints, who are inappropriately included into clinical trials. Basically, many teenagers with general chronic fatigue issues may meet UK Oxford/NICE criteria for ME/CFS. However, data on the success of these therapies is contaminated by the inclusion of significant numbers of false-positive cases. This concern might be evidenced in data from the ALSPAC studies that show that only 11% of teens identified as possible ME/CFS cases continued to have a problem with chronic disabling fatigue over two time points: 85.25% (6 months fatigue) between the ages of 13–16 years recovered and 79.80% (6 months fatigue) between the ages of 16–18 years recovered (CMRC Conference Presentation on ALSPAC recovery rates 2014). Essentially, 8 out of every 10 teens identified as possible CFS cases recovered by age 18 (or were wrongly classified as CFS).

A current large clinical trial (FITNET) of internet-based CBT and tele-support with activity management for teenagers (age 11–17 years) with ME/CFS uses broad (Oxford/NICE) criteria to select participants (40). A major justification used by the trial team is that teenagers have a 63% chance of recovery using FITNET vs. just 8% chance using standard medical care (40). This data is taken from a pediatric CBT trial of FITNET in the Netherlands (41). The Dutch trial has been criticized for over-stating benefits via post-hoc selection of recovery measures and for including young patients with general fatigue issues (42). Interestingly, at long-term follow up in the Dutch FITNET study (2 years+), recovery stood at 64% for CBT-GET participants, but 52.8% for usual care participants (43). Remarkably, teenagers in the standard care group (which is often nothing more than usual general practice care) improved over time, with relatively little difference between the CBT cohort and the de facto no-treatment control. This same phenomenon is visible in adult CBT trials, with the gap closing between the intervention and standard care in the PACE trial (44) and FINE trial (45). What we can take from this observation is that CBT or exercise therapy perform little better than no care over the longer term. There are other reasons some trials show modest benefits over the short-term, such as selection of milder cases and strong treatment promotion effects (18, 46). Taking this into consideration, in addition to noting high rates of natural recovery in children and adolescents, the case for early intervention with psycho-behavioral therapy is rather weak. Good quality primary care support should always be available. For more severe cases, treatment in specialist secondary care should be available also. This care should include symptomatic support, advice on nutrition, sleep support, pain control, infection control, allergies, and mental health issues (35). There is no evidence to support GET for severe ME/CFS cases (clinical trials do not include severe homebound sufferers). Very little is known about patients with severe ME/CFS. They are often housebound, bedbound and are rarely studied. Overall, much more research is needed around all aspects of pediatric ME/CFS.



CONCLUSION

There is a clear need for robust prevalence estimates of childhood and adolescent ME/CFS to guide clinical practice and inform health care decision-making. The wide range of prevalence rates observed in the literature is concerning. This range reflects a lack of agreement about the diagnostic criteria used to identify pediatric cases and a lack of consistency in the methods used to collect data. Broad diagnostic criteria, such as the Oxford Criteria, result in inflated prevalence rates and fail to adequately distinguish true-positive cases from non-cases. Psychological and behavioral therapies continue to be tested on young patients with ME/CFS, but if children or teens are wrongly labeled as having ME/CFS and enrolled in trials of CBT or exercise therapy, findings from these studies are likely to be misleading and erroneous. Researchers need to agree on sampling strategies to identify true pediatric cases of ME/CFS and clinicians need to use a comprehensive triangulation approach to diagnose children and teenagers with ME/CFS, while carefully excluding young patients with health problems that mimic the illness.



AUTHOR CONTRIBUTIONS

KG conceived the paper. KG and CA contributed to the final draft. CA assisted with a systematic review of the literature discussed in this paper.



ACKNOWLEDGMENTS

We wish to thank the UK Tymes Trust for donating the open access publication fees.



REFERENCES

 1. Oliver LM, Patel K. Co-morbid conditions in children with chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME)-a retrospective case note review of a large cohort. Arch Dis Child. (2012) 97:A105. doi: 10.1136/archdischild-2012-301885.248

 2. Dowsett EG, Colby J. Long-term sickness absence due to ME/CFS in UK schools: an epidemiological study with medical and educational implications. J Chronic Fatigue Syndr. (1997) 3:29–42. doi: 10.1300/J092v03n02_04

 3. Nijhof SL, Maijer K, Bleijenberg G, Uiterwaal CS, Kimpen JL, Van De Putte EM. Adolescent chronic fatigue syndrome: prevalence, incidence, and morbidity. Pediatrics (2011) 127:e1169–75. doi: 10.1542/peds.2010-1147

 4. Collin SM, Nuevo R, van de Putte EM, Nijhof SL, Crawley E. Chronic fatigue syndrome (CFS) or myalgic encephalomyelitis (ME) is different in children compared to in adults: a study of UK and Dutch clinical cohorts. BMJ Open (2015) 5:e008830. doi: 10.1136/bmjopen-2015-008830

 5. Pao M, Bosk A. Anxiety in medically ill children/adolescents. Depress Anxiety (2011) 28:40–9. doi: 10.1002/da.20727

 6. Jones JF, Nisenbaum R, Solomon L, Reyes M, Reeves WC. Chronic fatigue syndrome and other fatiguing illnesses in adolescents: a population-based study. J Adolesc Health (2004) 35:34–40. doi: 10.1016/S1054-139X(03)00372-0

 7. Gunn WJ, Connell DB, Randall B. Epidemiology of chronic fatigue syndrome: the centers for disease control study. Ciba Found Symp. (1993) 173:83–93; discussion 93–101.

 8. Mears CJ, Taylor RR, Jordan KM, Binns HJ. Sociodemographic and symptom correlates of fatigue in an adolescent primary care sample. J Adolesc Health (2004) 35:528.e21–6. doi: 10.1016/j.jadohealth.2004.02.012

 9. Haines LC, Saidi G, Cooke RW. Prevalence of severe fatigue in primary care. Arch Dis Child. (2005) 90:367–8. doi: 10.1136/adc.2003.039917

 10. Nacul L, Lacerda EM, Kingdon CC, Curran H, Bowman EW. How have selection bias and disease misclassification undermined the validity of myalgic encephalomyelitis/chronic fatigue syndrome studies? J Health Psychol. (2017) 1:1359105317695803. doi: 10.1177/1359105317695803

 11. Cairns R. A systematic review describing the prognosis of chronic fatigue syndrome. Occupat Med. (2005) 55:20–31. doi: 10.1093/occmed/kqi013

 12. Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A. The chronic fatigue syndrome: a comprehensive approach to its definition and study. International chronic fatigue syndrome study group. Ann Intern Med. (1994) 121:953–9. doi: 10.7326/0003-4819-121-12-199412150-00009

 13. Sharpe MC, Archard LC, Banatvala JE, Borysiewicz LK, Clare AW, David A, et al. A report–chronic fatigue syndrome: guidelines for research. J R Soc Med. (1991) 84:118–21. doi: 10.1177/014107689108400224

 14. Green CR, Cowan P, Elk R, O'neil KM, Rasmussen AL. National institutes of health pathways to prevention workshop: advancing the research on myalgic encephalomyelitis/chronic fatigue syndrome. Ann Intern Med. (2015) 162:860–5. doi: 10.7326/M15-0338

 15. Nacul L, Kingdon CC, Bowman EW, Curran H, Lacerda EM. Differing case definitions point to the need for an accurate diagnosis of myalgic encephalomyelitis/chronic fatigue syndrome. Fatigue (2017) 5:1–4. doi: 10.1080/21641846.2017.1273863

 16. White PD, Goldsmith KA, Johnson AL, Potts L, Walwyn R, Decesare JC, et al. Comparison of adaptive pacing therapy, cognitive behaviour therapy, graded exercise therapy, and specialist medical care for chronic fatigue syndrome (PACE): a randomised trial. Lancet (2011) 377:823–36. doi: 10.1016/S0140-6736(11)60096-2

 17. Geraghty KJ. ‘PACE-Gate’: when clinical trial evidence meets open data access. J Health Psychol. (2017) 22:1106–12. doi: 10.1177/1359105316675213

 18. Geraghty KJ. Further commentary on the PACE trial: biased methods and unreliable outcomes. J Health Psychol. (2017) 22:1209–16. doi: 10.1177/1359105317714486

 19. Wilshire CE, Kindlon T, Courtney R, Matthees A, Tuller D, Geraghty K, et al. Rethinking the treatment of chronic fatigue syndrome-a reanalysis and evaluation of findings from a recent major trial of graded exercise and CBT. BMC Psychol. (2018) 6:6. doi: 10.1186/s40359-018-0218-3

 20. Twisk F. Myalgic Encephalomyelitis (ME) or what? an operational definition. Diagnostics (2018) 8:64. doi: 10.3390/diagnostics8030064

 21. Ramsay AM. Encephalomyelitis in north west london. Lancet (1957) 270:1196–200. doi: 10.1016/S0140-6736(57)90163-0

 22. Rosenthal TC, Majeroni BA, Pretorius R, Malik K. Fatigue: an overview. Am Fam Phys. (2008) 78:1173–9.

 23. Viner R, Christie D. Fatigue and somatic symptoms. BMJ (2005) 330:1012–5. doi: 10.1136/bmj.330.7498.1012

 24. Brigden A, Loades M, Abbott A, Bond-Kendall J, Crawley E. Practical management of chronic fatigue syndrome or myalgic encephalomyelitis in childhood. Arch Dis Child. (2017) 102:981–6. doi: 10.1136/archdischild-2016-310622

 25. Devasahayam A, Lawn T, Murphy M, White PD. Alternative diagnoses to chronic fatigue syndrome in referrals to a specialist service: service evaluation survey. JRSM Short Rep. (2012) 3:1–5. doi: 10.1258/shorts.2011.011127

 26. Newton JL, Mabillard H, Scott A, Hoad A, Spickett G. The newcastle NHS chronic fatigue syndrome service: not all fatigue is the same. J R Coll Physicians (2010) 40:304–7. doi: 10.4997/JRCPE.2010.404

 27. Collin SM, Crawley E. Specialist treatment of chronic fatigue syndrome/ME: a cohort study among adult patients in England. BMC Health Serv Res. (2017) 17:488. doi: 10.1186/s12913-017-2437-3

 28. Norris T, Collin SM, Tilling K, Nuevo R, Stansfeld SA, Sterne JAC, et al. Natural course of chronic fatigue syndrome/myalgic encephalomyelitis in adolescents. Arch Dis Child. (2017) 19. doi: 10.1136/archdischild-2016-311198

 29. Collin SM, Norris T, Nuevo R, Tilling K, Joinson C, Sterne JAC, et al. Chronic fatigue syndrome at age 16 years. Pediatrics (2016) 137:e20153434. doi: 10.1542/peds.2015-3434

 30. Farmer A, Fowler T, Scourfield J, Thapar A. Prevalence of chronic disabling fatigue in children and adolescents. Br J Psychiatry (2004) 184:477–81. doi: 10.1192/bjp.184.6.477

 31. Baker R, Shaw EJ. Diagnosis and management of chronic fatigue syndrome or myalgic encephalomyelitis (or encephalopathy): summary of NICE guidance. BMJ (2007) 335:446–8. doi: 10.1136/bmj.39302.509005.AE

 32. Rimes KA, Goodman R, Hotopf M, Wessely S, Meltzer H, Chalder T. Incidence, prognosis, and risk factors for fatigue and chronic fatigue syndrome in adolescents: a prospective community study. Pediatrics (2007) 119:e603–9. doi: 10.1542/peds.2006-2231

 33. Chalder T, Goodman R, Wessely S, Hotopf M, Meltzer H. Epidemiology of chronic fatigue syndrome and self reported myalgic encephalomyelitis in 5-15 year olds: cross sectional study. BMJ (2003) 327:654–5. doi: 10.1136/bmj.327.7416.654

 34. Crawley E, Hughes R, Northstone K, Tilling K, Emond A, Sterne JAC. Chronic disabling fatigue at age 13 and association with family adversity. Pediatrics (2012) 130:e71–9. doi: 10.1542/peds.2011-2587

 35. Rowe PC, Underhill RA, Friedman KJ, Gurwitt A, Medow MS, Schwartz MS, et al. Myalgic encephalomyelitis/chronic fatigue syndrome diagnosis and management in young people: a primer. Front Pediatr. (2017) 5:121. doi: 10.3389/fped.2017.00121

 36. Jordan KM, Jason LA, Mears CJ, Katz BZ, Rademaker A, Huang CF, et al. Prevalence of pediatric chronic fatigue syndrome in a community-based sample. J Chronic Fatigue Syndr. (2006) 13:75–8. doi: 10.1300/J092v13n02_04

 37. Jones JF, Lin J-MS, Maloney EM, Boneva RS, Nater UM, Unger ER, et al. An evaluation of exclusionary medical/psychiatric conditions in the definition of chronic fatigue syndrome. BMC Med. (2009) 7:57. doi: 10.1186/1741-7015-7-57

 38. Nacul LC, Lacerda EM, Pheby D, Campion P, Molokhia M, Fayyaz S, et al. 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) 9:91. doi: 10.1186/1741-7015-9-91

 39. Loades M, Brigden A, Crawley E. Current treatment approaches for paediatric CFS/ME. Paediatr Child Health (2017) 27:432–4. doi: 10.1016/j.paed.2017.05.007

 40. 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) 19:136. doi: 10.1186/s13063-018-2500-3

 41. Nijhof SL, Bleijenberg G, Uiterwaal CS, Kimpen JL, Van De Putte EM. Effectiveness of internet-based cognitive behavioural treatment for adolescents with chronic fatigue syndrome (FITNET): a randomised controlled trial. Lancet (2012) 379:1412–8. doi: 10.1016/S0140-6736(12)60025-7

 42. Ghatineh S, Vink M. FITNET's internet-based cognitive behavioural therapy is ineffective and may impede natural recovery in adolescents with myalgic encephalomyelitis/chronic fatigue syndrome. A review. Behav Sci. (2017) 7:52. doi: 10.3390/bs7030052

 43. Nijhof SL, Priesterbach LP, Uiterwaal CS, Bleijenberg G, Kimpen JL, Van De Putte EM. Internet-based therapy for adolescents with chronic fatigue syndrome: long-term follow-up. Pediatrics (2013) 131:e1788–95. doi: 10.1542/peds.2012-2007

 44. Sharpe M, Goldsmith KA, Johnson AL, Chalder T, Walker J, White PD. Rehabilitative treatments for chronic fatigue syndrome: long-term follow-up from the PACE trial. Lancet Psychiatry (2015) 2:1067–74. doi: 10.1016/S2215-0366(15)00317-X

 45. Wearden AJ, Dowrick C, Chew-Graham C, Bentall RP, Morriss RK, Peters S, et al. Nurse led, home based self help treatment for patients in primary care with chronic fatigue syndrome: randomised controlled trial. BMJ (2010) 340:c1777. doi: 10.1136/bmj.c1777

 46. Geraghty KJ, Blease C. Cognitive behavioural therapy in the treatment of chronic fatigue syndrome: a narrative review on efficacy and informed consent. J Health Psychol. (2018) 23:127–38. doi: 10.1177/1359105316667798

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Geraghty and Adeniji. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	ORIGINAL RESEARCH
published: 27 November 2018
doi: 10.3389/fneur.2018.00992






[image: image2]

Hand Grip Strength as a Clinical Biomarker for ME/CFS and Disease Severity


Luis Carlos Nacul1*, Kathleen Mudie1, Caroline C. Kingdon1*, Taane G. Clark2 and Eliana Mattos Lacerda1


1Department of Clinical Research, Faculty of Infectious and Tropical Diseases, International Centre for Evidence in Disability, London School of Hygiene and Tropical Medicine, London, United Kingdom

2Department of Infectious Disease Epidemiology, Faculty of Infectious and Tropical Diseases, Faculty of Epidemiology and Population Health, London School of Hygiene and Tropical Medicine, London, United Kingdom

Edited by:
Kenneth Joseph Friedman, Medical School, Rutgers, The State University of New Jersey, United States

Reviewed by:
Leonard A. Jason, DePaul University, United States
 Betsy Keller, Ithaca College, United States

* Correspondence: Luis Carlos Nacul, luis.nacul@lshtm.ac.uk
 Caroline C. Kingdon, caroline.kingdon@lshtm.ac.uk

Specialty section: This article was submitted to Pediatric Neurology, a section of the journal Frontiers in Neurology

Received: 25 August 2018
 Accepted: 05 November 2018
 Published: 27 November 2018

Citation: Nacul LC, Mudie K, Kingdon CC, Clark TG and Lacerda EM (2018) Hand Grip Strength as a Clinical Biomarker for ME/CFS and Disease Severity. Front. Neurol. 9:992. doi: 10.3389/fneur.2018.00992



Background: The diagnosis of myalgic encephalomyelitis (ME/CFS) in research and clinical practice has largely relied on clinical history, which can be subjective in nature. Clinical signs are often subtle, overlap with other conditions, and are not formally included as part of diagnostic workup. The characterization of clinical signs and biomarkers is needed for better diagnosis and classification of patients and to monitor treatment response. Hand grip strength (HGS) has been used as an objective measure of muscle strength and fatigue, which is a primary symptom of ME/CFS. We assessed the potential usefulness of HGS as a diagnostic marker in ME/CFS.

Methods: We compared HGS measurements from participants in the UK ME/CFS Biobank, with groups consisting of people with ME/CFS of differing severity (n = 272), healthy (n = 136), multiple sclerosis (n = 76) controls, and others with chronic fatigue not meeting the diagnosis of ME/CFS (n = 37). We correlated the maximum and minimum of, and differences between, 3 repeated HGS measurements with parameters of disease severity, including fatigue and pain analog scales, and physical and mental component summaries from the SF-36v2TM questionnaire across recruitment groups.

Results: HGS indicators were associated with having ME/CFS, with magnitudes of association stronger in severely affected than in mild/moderately affected patients. Compared with healthy controls, being severely affected was associated with a reduction in minimum HGS of 15.3 kg (95%CI 19.3–11.3; p < 0.001), while being mild/moderately affected was associated with a 10.5 kg (95%CI 13.2–7.8; p < 0.001) reduction. The association persisted after adjusting for age, sex and body mass index. ME/CFS cases also showed lower values of maximum HGS and significant drops in values from the first to second and third trials, compared to other study groups. There were significant correlations between HGS indicators and clinical parameters of disease severity, including fatigue analog scale (Spearman's Rho = −0.40, p < 0.001), pain analog scale (Rho = −0.38, p < 0.001), and physical component summary (Rho = 0.42, p < 0.001).

Discussion: HGS is markedly reduced in ME/CFS, particularly in patients with more severe disease, and may indicate muscle and fatigue related symptoms. HGS is a potential diagnostic tool in ME/CFS, and could also be used to enhance patient phenotyping and as an outcome measure following interventions

Keywords: ME/CFS, fatigue, biomarker, hand grip strength, severity, phenotyping


INTRODUCTION

Fatigue is common in the general population (1–3), and often accompanies infections and chronic disorders of the nervous, cardiovascular, respiratory, musculoskeletal, metabolic, and endocrine systems as well as mood disorders, such as depression and anxiety (4). It also commonly, and temporarily, affects healthy individuals in certain circumstances, such as following periods of excessive or prolonged physical or mental effort, or reduced periods of rest or of good quality sleep.

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) presents with disabling symptoms lasting for at least 6 months and resulting in a substantial reduction in activity levels and quality of life (5–7). The etiology is unknown and there are no diagnostic biomarkers for the disease. Prevalence is difficult to determine, ranging from 0.1% to 0.7% (8). Among other symptoms, including post-exertional malaise, unrefreshing sleep, memory, and concentration problems, fatigue is the most recognizable and is considered a central symptom of ME/CFS.

Nevertheless, fatigue may be difficult to characterize and may be confounded by malaise, pain and other issues such as somnolence, dyspnea (difficulty with breathing) and muscle weakness. Patients may use several terms to describe it, such as tiredness, lack of energy or “brain fog,” to represent the difficulty or inability in initiating activity (perception of generalized weakness) (9), reduced capacity in maintaining activity (easy fatigability), and difficulty with concentration, memory and emotional stability (mental fatigue) (10).

The measurement of fatigue in research studies has been subjective and has relied on questionnaires or scales. Symptoms may be exaggerated or underestimated by the individual, and they can vary according to cultural aspects and other factors, such as the presence of other symptoms and mood changes. For these reasons, objective measures of fatigue and disease status are highly desirable, both for diagnostic and classification purposes of people with ME/CFS.

Hand grip strength (HGS) is a reliable measurement of localized muscle strength and reflects the force derived from the combined contraction of extrinsic hand muscles. Originally developed for hand surgery to determine capacity after trauma or surgery, hand grip strength correlates well with other muscle function tests such as knee extension strength (11). Moreover, reduced HGS has been associated with morbidity and mortality, with low values associated with falls, disability, impaired health-related quality of life and prolonged length of stay in hospital (11–13). It has also shown to be strongly correlated with post-operative complications and has been reported as a predictor of loss of functional status and short-term survival in hospitalized patients (14, 15).

In this study, we assess the potential use of HGS parameters as objective measures of disease status and severity in ME/CFS, and correlate it with fatigue and pain severity and with physical and mental functioning.



METHODS


Study Design and Population

This was an analytical cross-sectional study using baseline data from participants in the UK ME/CFS Biobank (UKMEB). Participants included people with a medically confirmed ME/CFS diagnosis from the UK National Health Service (NHS) and assessed for compliance with study criteria, i.e., Centers for Disease Control (CDC-94) (6) and/or Canadian Consensus Criteria (CCC) (5); people with apparently normal function and no symptoms of fatigue nor any severe disease (“healthy controls” or “HC”); people with multiple sclerosis (MS) confirmed by an NHS neurologist (“MS cases”); and people with chronic fatigue not compliant with the study criteria (“CF/nonME”).

Procedures for recruitment, selection, and diagnosis have been described previously (16). In summary, participants were recruited through NHS general practices (GPs) and specialist services. All potential UKMEB participants who were aged 18–60 years and gave informed consent were re-assessed by the research team at the recruitment stage for eligibility into the study, which included assessment for compliance with ME/CFS diagnostic criteria for this cohort of participants. The inclusion/exclusion criteria are summarized in Table 1. People with ME/CFS (PWME) were then further stratified by disease severity into two categories: mild/moderately affected (MEmm) if they are ambulatory, and severely affected (MEsa) if they are house- or bed-bound.



Table 1. UKMEB inclusion and exclusion criteria.
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Ethical approval was granted by the London School of Hygiene & Tropical Medicine (LSHTM) Ethics Committee (ref. 6123), the National Research Ethics Committee (REC; ref. 11/LO/1760, IRAS ID: 77765), and the NHS Research Governance and Developments Offices (R&D), which oversee the recruitment of research participants from government health services.



Data Collection

Data collection ran from March 2012 to December 2015. The study protocol was identical for all participants, regardless of recruitment category.

HGS was quantified during the participant's clinical assessment and examination, by a team member (research nurse or doctor), using a simple precision instrument that offers a quantitative and objective measure of isometric muscular strength of the hand and forearm. We followed standard procedures using a Jamar Hydraulic Hand Dynamometer (model #5030J1–JA Corp) for that aim (17). Participants were seated with back, pelvis, and knees as close to 90 degrees as possible. The shoulder was abducted and neutrally rotated with the elbow flexed at 90 degrees, the forearm neutral, and the wrist held between 0 and 15 degrees of ulnar deviation. The dynamometer was presented vertically, in line with the forearm, to the participant's dominant hand. Grip size was adjusted for comfort (9, 18). Participants were then instructed to squeeze the hand grip as hard as they could, which took ~ 3 s, in three successive trials with 30 s in between each. The entire procedure took ~ 3 min to complete, including instructions.

The strength values were scored using force production in kilograms (0–90). HGS has been shown to have excellent test-retest reliability (intraclass correlations (ICC) 0.97–0.99) and intra-rater reliability (ICC 0.96–0.98) in healthy adults (19) and has been used in various diseases (20–22).

During the clinical assessment, alongside clinical parameters that included height and weight, measures of fatigue and pain intensity were recorded on fatigue (23) and pain (24) analog scales, respectively. The fatigue and pain analog scales are unidimensional measures of intensity and have been widely used in diverse adult populations, e.g., in rheumatic diseases, chronic hepatitis-C infection and systemic lupus (23–26). Each of them can be described as a continuous scale comprised of a horizontal line, 10 centimeters in length, and anchored by two vertical descriptors, one for each symptom extreme (no fatigue/pain and worst imaginable fatigue/pain). High scores, with a maximum of 10, indicate greater intensities of fatigue and pain. Fatigue and pain analog scales have been shown to exhibit good test-retest reliability (r = 0.94 for both) and to have high construct validity with 5-point verbal descriptive scales (r = 71 and r = 0.78, respectfully) (23, 24). Body mass index (BMI) in kg/m2 was calculated using participants' height and weight.

In addition, participants completed an extended questionnaire, which includes the SF-36V2TM questionnaire (27), the Fatigue Severity Scale (FSS) (28), and socio-demographic data, such as age and sex, among other variables. The SF-36v2TM comprises of 36 questions providing information on functional status and well-being (29). The answers form eight distinct domains considering physical and mental functions, were summarized into physical (PCS) and mental (MCS) component summary scores. Low scores indicate reduced functional status and reduced mental vitality, respectively. The SF-36v2TM is recognized as a reliable tool that has been used and validated across different populations, and has been used extensively in ME/CFS [L. a. (7, 30, 31)]. A full report of the development of this instrument has been published elsewhere (29). The FSS contains 9 items that relate to statements of fatigue, which are scored between 1 (strongly disagree) and 7 (strongly agree) by the participant. The total score is calculated by adding those attributed to each question, and varies from 9 to 63. Due to the strong correlation between FSS and the fatigue analog scales (r = 0.8, p < 0.001 in our sample), we opted to use the latter only in our analysis.



Statistical Analysis

Answers to the SF-36v2TM questions were scored in health domains using the SF Health OutcomesTM Scoring Software 4.5 (QualityMetric Inc., RI, United States) and are presented as “normalized” physical and mental summary scores.” Data were analyzed using STATATM version 15.0 (StataCorp, TX, United States). The maximum and minimum (of three measurements) of HGS were obtained for each participating individual.

Descriptive characteristics were obtained for the whole study population, separated by category of recruitment. Histograms of HGS were visually inspected for shape of distributions. For categorical variables, total numbers and percentages were obtained. For continuous variables, means and standard deviations were provided for normally distributed variables and medians and inter-quartile ranges otherwise. Mean scores (and standard deviations) were calculated for the hand grip strength values. Chi-squared tests and ANOVA F-statistics were used in simple univariate analyses to compare categorical and continuous variables between recruitment categories (32).

To investigate whether HGS was associated with being a ME/CFS case, we plotted minimum and maximum HGS (HGSmin and HGSmax, respectively) against recruitment categories. Bivariate linear regression was used to further explore the associations with indicators of HGS entered into the model as a continuous score and healthy controls (HC) as the baseline comparator. We then adjusted for potential confounding by age, gender, and BMI in multivariate regression analyses.

To examine the change in HGSmin and HGSmax over the three successive measurements, we plotted their means at each time point within each recruitment category. Differences between HGS indicators (HGSmax and HGSmin) means at each time point were compared in the following way: time point 1–time point 2, time point 1–time point 3, and time point 2–time point 3.

As the difference between mean HGS at the second and third time points was not statistically different (p = 0.21) in the overall study population or in any of the study groups, the average of these two measurements was used for calculating the difference between the first and a subsequent measurement. Therefore, the difference between the first and the average of 2nd and 3rd values represented the overall drop or increase in HGS over subsequent trials, referred to as the HGS-difference (HGSdiff). Positive values represent a drop in values from the first to subsequent trials. Paired t-tests were used to determine whether the means were significantly different within recruitment categories.

To examine whether HGS was correlated with parameters of disease severity, Spearman's rank-order correlations were computed. A correlation matrix was obtained, and graphs produced. To further explore the association of disease severity parameters with indicators of HGS, multivariate regression analyses were performed adjusting for recruitment category, age, sex, and BMI.




RESULTS

The distributions of participant characteristics by recruitment category are shown in Table 2. Females were over-represented (72%) in the study. Mean age varied across study groups; HC (45.4 years; 95% Confidence Interval (CI) 43.4, 47.4) and CF/nonME (45.4 years; 95%CI 43.4, 47.4) were slightly younger and cases of MS were slightly older (52.5 years; 95%CI 50.6, 54.4). Mean BMI ranged from 24.3 (95%CI 23.0, 25.7) in MEsa to 26.4 (95% ci 25.3, 27.4) in MEmm.



Table 2. Characteristics of the study population, separated by recruitment category.
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The mean values for the fatigue analog scales were 7.4 (95%CI 7.0, 7.7) for MEsa and 6.7 (95%CI 6.4, 7.0) for MEmm. These values were significantly (p < 0.0001) higher than for HC (1.5; 95%CI 1.2, 1.8), CF/nonME (4.5; 95%CI 3.4, 5.5) and MS cases (5.4; 95%CI 4.7, 5.9). The pain analog scales were also significantly higher in ME/CFS cases (P < 0.0001); the mean values were: 5.3 (95%CI 4.6, 6.0) for Mesa, 4.9 (95%CI 4.6, 5.3) for MEmm, and 1.0 (95%CI 0.7, 1.2) for HC, with values for other groups in between these. The Physical Component Summary (PCS) in particular, and also Mental Component Summary (MCS) scores were much lower (p < 0.001) in MEsa, (19.0 PCS; 95%CI 17.7, 20.4 and 44.2 MCS; 95%CI 41.4, 46.9) and MEmm (31.0 PCS; 95%CI 30.0, 32.2 and 39.2 MCS; 95%CI 37.8, 40.6) compared with HC (57.0 PCS; 95%CI 56.2, 57.9 and 52.1 MCS; 95%CI 50.7, 53.5), CF/nonME (45.7 PCS; 95%CI 42.9, 48.6 and 43.7 MCS; 95%CI 40.6, 46.8) and MS cases (38.4 PCS; 95%CI 35.6, 41.2 and 46.1 MCS; 95%CI 43.6, 48.5), indicating reduced functional status and mental vitality among people with ME/CFS (Table 2).

When mean values of HGS were observed over time (i.e., over successive trials), no trend was seen within HC, MS cases, and CF/nonME (Figure 1). Among these recruitment categories, there was a slight (non-significant) drop in values between the first and second trials, which was typically followed by a slight increase in values from the second to the third trials. A similar trend was found for MEmm, except that the drop in values between the 1st and 2nd trials was more marked (p < 0.01). However, among MEsa, the mean HGS decreased markedly from first, to second (P = 0.03), and then again to the third time point (P = 0.13), whereas HGS for MEmm increased from second to third trial (P = 0.19).
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FIGURE 1. Mean hand grip strength at each time point within each recruitment category. HC, healthy controls; MS, multiple sclerosis; CF/nonME, chronic fatigue not meeting study criteria for ME/CFS; MEmm, ME/CFS mild/moderately affected; MEsa, ME/CFS severely affected.




Associations of Hand Grip Strength Parameters with Being a ME/CFS case (HGSmax, HGSmin, and HGSdiff)

The mean of the HGSmax measurements was highest among HC (36.2 kg; 95%CI 33.8, 38.6) and lowest among MEsa (22.9 kg; 95%CI 20.4, 25.4) (p < 0.0001). The same was true for the average HGSmin measurements, with HC producing a mean of 32.0 kg (95%CI 30.7, 33.4) and MEsa,16.7 kg (95%CI 14.2, 19.2). Among HC, MS and CF/nonME cases, both the HGSmax and HGSmin values were similar (Figure 2).
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FIGURE 2. Means of maximum and minimum hand grip strengths within recruitment categories, with 95% confidence intervals. HC, healthy controls; MS, multiple sclerosis; CF/nonME, chronic fatigue not meeting study criteria for ME/CFS; MEmm, ME/CFS mild/moderately affected; MEsa, ME/CFS severely affected.



Table 3 shows the difference between HGS parameters of various study groups and HCs, with negative values indicating values below that of HCs. Compared with HCs, the values of HGmin were on average 15.3 kg lower in MEsa (−15.3 Kg; 95%CI −19.3, −11.3), 11.8 kg lower in MS cases (−11.8 kg; 95%CI −15.3, −8.2), and 10.5 kg lower in MEmm cases (−10.5 kg; −13.2, −7.8). These differences were all statistically significant at P < 0.001. CF/nonME values were similar to that of HCs (−3.0; 95%CI −7.6, 1.5; P = 0.19). The same trend was found for HGSmax but was less pronounced. After adjusting for age, sex, and BMI, changes in mean HGS compared with HC were attenuated for all but CF/nonME. MEsa still showed the lowest HGSmin value (−10.2 kg; 95%CI −13.3, −7.1) compared with HC, however MS cases (−5.9 kg; 95%CI −8.8, −2.9) now showed similar values to CF/nonME cases (−5.5; 95%CI −10.0, −1.0).



Table 3. Crude and adjusted associations of minimum and maximum hand grip strengths with recruitment categories, compared with healthy controls using ANOVA.
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The results for the HGSdiff are shown in Table 4. Overall, for all recruitment categories, there was a slight decrease in mean HGSdiff (1.07 kg; 95%CI 0.68, 1.47; p < 0.001). For HC (0.39 kg; 95%CI −0.20, 0.99 p = 0.19), MS cases (0.64; 95%CI −0.32, 1.60; p = 0.19), and CF/nonME (0.79; 95%CI −0.74, 2.32; p = 0.30), none of these differences were significant. However, for ME/CFS cases (both MEmm and MEsa), the HGSdiff were higher and statically significant (P < 0.01).



Table 4. Comparison of difference between hand grip strength at time point 1 and the average of hand grip strength at time points 2 and 3 within each recruitment category, using paired t-test.
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Correlations of Hand Grip Strength with Parameters of Disease Severity

Overall, HGSmax and HGSmin were low to moderately correlated with clinical parameters of disease severity, including fatigue and pain analog scales and PCS, but weakly correlated with MCS (Supplementary Table 1).

Results from bivariate and multivariate regression analyses for the association of HGS indicators and parameters of disease severity are presented in Table 5. For every one unit increase in kilograms of HGSmin, fatigue severity and pain severity analog scales decreased by 0.23 (95%CI −0.29, −0.17) and 1.47 (95%CI −1.86, −1.08), respectively. Alternatively, PCS increased by 0.33 kg (95%CI 0.26, 0.41) and MCS increased by 0.21 kg (95%CI 0.10, 0.32) for each unit increase in kilograms of HGSmin. The same can be seen for HGSmax, but less markedly. Adjustment for the variables age, sex, and BMI resulted in slightly weaker, but still significant, associations in all cases.



Table 5. Crude and adjusted associations of hand grip strength indicators with disease severity parameters.
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DISCUSSION


Concepts of Fatigue, Strength, Physical Functioning, and Their Measurement

The concept of fatigue is multidimensional and lacks a universally accepted definition. It may be central or peripheral in origin. Central fatigue refers to a state of less-than-optimal outputs from the brain, in particular, from cortical motor area to motor units where nervous fibers stimulate muscle fibers to produce contraction. In contrast, peripheral fatigue represents an impairment of the contractile function of skeletal muscle fibers and the inability of the muscle to produce force (33, 34).

In ME/CFS, fatigue is a key symptom, used for the diagnosis and the assessment of disease severity. However, there is no single descriptor that accurately defines it. It is usually assessed by direct questioning and reported presence of the symptom during diagnosis workup; symptom classifiers may include duration, frequency, persistence or recurrence, and intensity. When establishing compliance with diagnostic criteria, people may be asked, for example, how long they have experienced fatigue, and whether it is present for more than 50% of the time.

Questionnaires, such as the UKMEB symptoms assessment or clinical phenotyping questionnaires (16), or the DePaul Symptoms Questionnaire (35) have been used to establish the presence and severity of fatigue and other symptoms. The fatigue (23) and pain analog scales (24), which are used in this study, are simple and widely used instruments to ascertain fatigue and pain severity; they do, however, rely on self-reporting. This undoubtedly carries some subjectivity and, although both internal validity and test-retest reliability have been shown to be high (24), it is more difficult to establish comparability in the way different individuals interpret and report on fatigue and its severity. This may be particularly problematic in the case of ME/CFS, where the experience of fatigue is usually both physical and mental–described as “lack of stamina or physical energy” and “brain fog and cognitive problems,” respectively—and is closely associated with a range of other symptoms. Such symptoms may or may not be interpreted as part of the same symptom complex, which may include post-exertional malaise, pain, flu-like symptoms and unrefreshing sleep, to name a few associated symptoms. The pathological fatigue experienced by people with ME/CFS, which some refer to as “ME fatigue”, to distinguish from fatigue or tiredness that represent everyday experience, may be very hard to express and quantify in objective terms.

The experience of fatigue or of feeling ill (with ME/CFS) may also be measured indirectly through the impact on people's lives, such as on the ability of individuals to perform physical or mental tasks, including self-care or engaging in work, study and social activities. Some fatigue scales incorporate the impact of fatigue on functioning (28), but more generally, instruments that measure functionality or quality of life have been used to indicate the impact of the health status on individuals affected. The SF-36v2TM is one such well-validated and widely used instrument, and we used in our analyses the Physical and Mental Component Summaries derived from answers given by participants, as proxy measures for the impact of fatigue and disease on the life of individuals studied.

With the challenges involved in measuring fatigue, and more broadly disease severity in ME/CFS, the importance of an objective measurement cannot be overestimated, particularly one which could be used in research studies to aid diagnosis and clinical phenotyping. Assessments indicating levels of severity and impact could be used on a longitudinal basis to inform disease progress and, potentially, disease prognosis.



Hand Grip Strength as a Tool for Measuring Disease Status

Although the testing of HGS was originally created to evaluate patients undergoing hand surgery, this measurement has been shown to be associated with reduced muscle strength and decreased physical fitness more broadly (36). The latter is one of the strongest predictors of individual future health status, characterized by the ability to perform daily activities with vigor and without overdue fatigue. Physical fitness is an important predictor of mortality and morbidity for older and younger adults and teenagers, which can be applied in socially, economically and culturally diverse populations (36–39).

Reduced muscle strength and decreased hand grip have been associated with a few specific situations, such as muscle or nerve injury and malnutrition. More broadly, though, grip strength has been shown to be a simple, yet powerful indicator of overall physical health status and as a predictor of future disability, morbidity, health deterioration (40) and mortality (15), and to assess treatment in various diseases, such as chronic obstructive pulmonary disease (41) and rheumatoid arthritis (20, 42). HGS has also been used to predict cardiovascular risk in pre-diabetic and diabetic patients (38). Associations of poor HGS and future disability and mortality have been observed even among healthy subjects (43), suggesting it could perhaps be used as an early, though nonspecific, indicator of risk for health deterioration.

The underlying mechanisms explaining the association between grip strength and health status are poorly understood, except in cases where local factors such as upper limb muscle damage are in place. Nevertheless, there is sufficient evidence that HGS is a measurement of not only muscle strength, but also of overall physical health. However, unlike cardiorespiratory fitness testing, which demands special location and equipment, measurement of HGS is a simple and mobile tool; making them particularly useful for community-based health evaluations, especially for severe cases of ME/CFS, who normally are house-bound.



Summary of Results and Interpretation

Overall, patients with ME/CFS and MS had significant lower HGS values than HC. MS is the most common immune-mediated inflammatory demyelinating disease of the central nervous system. One of the most prominent features of MS is motor weakness. Therefore, it is expected people with MS to display lower HGS (44, 45). However, it is interesting that ME/CFS patients also had significantly lower HGS values compared to HC, even after controlling for age, sex, and BMI, with even mild cases showing lower HGS. People with ME/CFS are not malnourished and have preserved muscle tonus, suggesting that other than local factors related to the integrity of upper limb must be involved. We suggest these might relate to ongoing inflammation or disruption of signaling mechanisms between central nervous system and periphery, and it may also represent an overall measurement of “physical health and functioning.”

Furthermore, HGS among people with ME/CFS significantly dropped in measured strength between the first and subsequent trials, when compared with HC. This effect was not observed in cases of MS nor in those with chronic fatigue which did not meet the criteria for ME/CFS. This finding may relate to early fatigability, where an already reduced ability to produce substantive muscle power in the first trial is further compromised in subsequent attempts. The understanding of the mechanisms behind the lack of rapid recovery in demonstrable muscle force produced between subsequent (hand grip) trials, may be the key to explaining the pathological nature of fatigability and post-exertional symptoms in people with ME/CFS. It is possible that disruptions in muscle energy metabolism or in the continuous production and release of energy by muscle cells, or in nervous system signaling could be involved, however, further experiments would be required for any conclusions to be made.

We have also shown that higher HGS was associated with lower fatigue and pain intensities and with higher functional status and mental vitality. The correlations were stronger for physical than mental component summaries of the SF-36v2TM, suggesting a lesser role for lack of motivation as a single factor explaining poorer results in those with ME/CFS. Such significant correlations of HGS values and indicators of symptom severity and disease status provide further indications for the value of including of HGS as an objective test to enhance patient phenotyping in ME/CFS as part of clinical practice and in research.

Our results are in line with previous small studies, and reinforce the importance of HGS as part of the clinical assessment of people with ME/CFS (46). Patients meeting the CDC-94 criteria for ME/CFS (6) had previously shown significantly reduced HGSmax compared to non-fatigued individuals, with example values for right hand force of 31 Kg in ME/CFS vs. 42 Kg in healthy sedentary controls (n = 8 in each group) (47) and 24.3 Kg in ME/CFS vs. 35.8 Kg in healthy controls (n = 30 and 15 in CFS and controls, respectively) (48). However, no difference in values was found comparing PWME to those with major depression (48). HGS was also used to assess the effects of an exercise intervention among 11 women with ME/CFS meeting either CDC-1994 (6) or International Consensus Criteria [B. M. (49)], who showed a significant improvement in left hand HGS (from 20 to 26 Kg), but not in right hand HGS following the intervention (50), suggesting a role for HGS as an outcome measure in the evaluation of interventions. People with ME/CFS were also previously shown to have slower and incomplete recovery of HGS values following effort challenge, compared with non-fatigued (51, 52) and controls with MS (51). These studies included 48 and 10 ME/CFS cases, respectively.



Study Strengths and Limitations

The study included a relatively large number of participants with ME/CFS (N = 272), including different levels of severity, and used both healthy and diseased individuals for comparison groups. We used standardized methods for diagnosis and characterization of participants, which included rigorous procedures for selection, clinical assessment and phenotyping, according to the UK ME/CFS Biobank protocol (16). This was, however, an observational cross-sectional study, and the use of HGS as a diagnostic tool and the mechanisms by which variation in values reflect pathophysiology will require further studies. Similarly, validation of the study in individuals with a range of disease durations, including those with more recent disease as well as in different geographical locations and ethnicities, will be needed to widen the representativeness of the study to other populations and in patients at various disease stages. Furthermore, there are multiple types of MS, and by combining cases of MS all into one category, the results may have been diluted. However, this is not likely to have made a significant difference as differences in dynamic fatigability have been found when comparing MS and healthy controls but not when comparing types of MS (45).




CONCLUSIONS AND IMPLICATIONS

In this study, we investigated the potential use of HGS as an objective measure of disease status and severity in people with ME/CFS and assessed the correlation of HGS with fatigue/pain severity and physical/mental functioning. HGS was markedly reduced in people with ME/CFS, particularly in those who were severely affected. Furthermore, strength decreased with each successive measurement among people with ME/CFS, which suggests early fatigability, or that they tire more easily than healthy or diseased controls. The abnormal pattern of handgrip strength shown in ME/CFS cases give further indications of the distinct nature of ME/CFS and shed more light into the pathological nature of the fatigue symptom complex experienced by those with the disease. The exact mechanisms involved in reduced power and fatigability require further exploration. Nevertheless, the results shown here have practical implications in better defining a fatigue phenotype that help identify cases of ME/CFS and that can be used as an objective tool for diagnosis and measuring disease severity.
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Background: Concise methodological directions for administration of serial cardiopulmonary exercise testing (CPET) are needed for testing of patients with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS). Maximal CPET is used to evaluate the coordinated metabolic, muscular, respiratory and cardiac contributions to energy production in patients with ME/CFS. In this patient population, CPET also elicits a robust post-exertional symptom flare (termed, post-exertional malaise); a cardinal symptom of the disease. CPET measures are highly reliable and reproducible in both healthy and diseased populations. However, evidence to date indicates that ME/CFS patients are uniquely unable to reproduce CPET measures during a second test, despite giving maximal effort during both tests, due to the effects of PEM on energy production.

Methodology: To document and assess functional impairment due to the effects of post-exertional malaise in ME/CFS, a 2-day CPET procedure (2-day CPET) has been used to first measure baseline functional capacity (CPET1) and provoke post-exertional malaise, then assess changes in CPET variables 24 h later with a second CPET to assess the effects of post-exertional malaise on functional capacity. The second CPET measures changes in energy production and physiological function, objectively documenting the effects of post-exertional malaise. Use of CPET as a standardized stressor to induce post-exertional malaise and quantify impairment associated with post-exertional malaise has been employed to examine ME/CFS pathology in several studies. This article discusses the results of those studies, as well as the standardized techniques and procedures for use of the 2-day CPET in ME/CFS patients, and potentially other fatiguing illnesses.

Conclusions: Basic concepts of CPET are summarized, and special considerations for performing CPET on ME/CFS patients are detailed to ensure a valid outcome. The 2-day CPET methodology is outlined, and the utility of the procedure is discussed for assessment of functional capacity and exertion intolerance in ME/CFS.

Keywords: functional capacity, stress test, oxygen consumption, post exertional malaise, functional impairment


BACKGROUND

A 2-day cardiopulmonary exercise test methodology (2-day CPET) was cited by the Institute of Medicine (IOM) (1) as a potentially useful tool to aid in the diagnosis and assessment of functional capacity in patients with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS). The IOM report concluded that ME/CFS is a neuroimmune pathology that affects multiple systems and contributes to exertion intolerance or an inability to recover normally following physical, cognitive or emotional exertion (1, 2). The IOM determined that “ME/CFS patients often have a level of fatigue that is more profound, more devastating, and longer lasting than that observed in patients with other fatiguing disorders” (1). The fatigue in ME/CFS differs from that experienced by controls and is unlike the fatigue associated with deconditioning. It is often described as “flu-like” and frequently includes “brain fog” or cognitive difficulties and other symptoms. This abnormal response to exertion is a hallmark symptom of ME/CFS referred to as post-exertional malaise (PEM). PEM is among the primary debilitating symptoms of ME/CFS, as well as fatigue-related impairment lasting more than 6 months, unrefreshing sleep, and usually cognitive impairment (brain fog) and/or dysautonomia. Muscle and/or joint pain often accompany these other symptoms, any of which could force a person with ME/CFS to stop work, avoid physical activity and, consequently, further reduce functional ability.

The lack of definitive biomarkers and no known cause or cure for ME/CFS contribute to patients suffering through medical misinterpretation, misunderstanding, and an overt bias toward characterizing the illness as a psychosomatic disorder. However, studies of exercise capacity reveal that a 2-day CPET procedure can provide evidence of the pathophysiology underlying the PEM that characterizes patients with ME/CFS (3–6). CPET methodology is standardized as a well-accepted procedure to assess physiological responses to exertion in many illness conditions (7). Adaptation of this valid, standardized and reliable procedure to assess abnormalities associated with PEM is particularly useful for identifying impairment in patients with fatigue-related illnesses. The purpose of this paper is to provide guidelines and helpful practices to applying CPET techniques in patients with ME/CFS.


Cardiopulmonary Exercise Testing

Analysis of expired gases during an exercise test generates values that are useful in the assessment of functional capacity, illness severity, and illness characterization in ME/CFS. For instance, peak oxygen consumption (VO2peak) is a well-recognized objective indicator of functional capacity (8–11), and may be used to assess disease severity and predict coronary heart disease and all-cause mortality (12–14). Additionally, VO2peak provides a foundation to evaluate metabolic functional impairment. A CPET allows for the comprehensive and integrated analyses of cardiovascular, respiratory, metabolic and work indices to help discern the etiology of exertion intolerance in a growing population of patients with multiple chronic comorbidities (15). It can be applied similarly to better understand disease pathology in ME/CFS.

Classically, a single CPET provides physiological measures at rest and throughout incremental exercise to determine energy producing capacity at metabolically relevant time points including anaerobic threshold and peak effort. However, for ME/CFS patients, serial exercise tests are particularly useful to explore the unique post-exertional pathology associated with the illness. With a 2-day CPET, baseline functional capacity is determined with the first test, which also serves as a standardized stressor to elicit a post-exertional symptom flare. The second exercise test 24 h later provides a metric of change in physiological function due to the post-exertional response, and can indicate magnitude of impairment associated with a patient's compromised recovery. Doing the second exercise test 24 h following the first test allows comparison of performance capability without confounding influences of delayed onset muscle soreness. This serial CPET methodology is not unique to ME/CFS, and was reported previously to assess hormonal responses following an exercise stressor in overtrained athletes (16). Use of the 2-day CPET methodology in ME/CFS is of increasing interest for the same purpose; to assess a patient's ability to recover normally following exertion.



CPET Measures Are Reliable and Reproducible

The 2-day CPET methodology is useful for assessing impaired recovery because CPET measures are readily reproduced in both healthy and diseased populations. Therefore, a failure to reproduce CPET measures on a subsequent test, despite peak effort on both tests, indicates a derangement of homeostasis.

Peak Oxygen Consumption

VO2peak is a highly reliable and objective measure of functional capacity (11, 17, 18). The reproducibility, or variability of this measure from one day to the next is also low. This is true across a broad population of healthy adults (11, 13, 17), children (19), and in those with pathologies such as heart failure (20–22), pulmonary hypertension (23), end-stage renal disease (24), cystic fibrosis (25), mild-moderate COPD (26), and stroke (27). Thus, VO2peak provides an objective measure of baseline functional capacity or maximal ability to produce energy for work. Failure to reproduce VO2peak during a second serial CPET, despite peak effort on both tests, implicates impairment of recovery mechanisms. This impaired recovery is consistent with PEM and suggests an underlying pathophysiology that contributes to an abnormal post-exertional state. Further, the magnitude of a test-retest decrement in VO2peak can be used to quantify the degree of impairment associated with PEM.

Anaerobic Threshold

While VO2 at peak effort is an objective measure of maximum energy producing capacity; perhaps one of the most metabolically and functionally relevant transition points during an incremental exercise test is VO2 at anaerobic threshold. The VO2 and work intensity at anaerobic threshold are important indices of capacity to do continuous work, as activity above the anaerobic threshold is rapidly fatiguing and cannot be sustained. Anaerobic threshold is the exercise intensity at which the anaerobic contribution to energy generation is significant enough to cause non-linear increases in muscle and blood pH, lactate and carbon dioxide concentration. This transition is typically identified using serial measures of blood lactate obtained throughout an incremental exercise test to ascertain at which VO2 a non-linear increase in blood lactate occurs. The ventilatory stimulus of carbon dioxide causes a similar response in expired ventilation to that of blood lactate. This makes the ventilatory threshold a good non-invasive metric for the anaerobic threshold, which is referred to as the ventilatory anaerobic threshold (VAT).

Test-retest measures of oxygen consumption and work that correspond with VAT are stable over time with the same test modality, and vary within about 7–12% in both healthy individuals (5, 6, 18, 28) and a number of other pathological conditions (21, 22). Because VO2@VAT is a reliable and reproducible measure, a reduction in VO2@VAT over serial exercise tests indicates an underlying limitation in the capacity to meet daily energy demands via aerobic energy production.



Functional Capacity of ME/CFS Patients

Peak oxygen consumption of ME/CFS patients obtained during a single CPET has been used to characterize functional status in adults with ME/CFS (5, 29–35) as well as adolescents (36, 37). However, patients and/or physicians typically seek this type of assessment after an individual has been physically inactive or low active for at least 6 months. Because of this it is often argued that low VO2peak in a patient with ME/CFS is due simply to physical deconditioning.

Compared to healthy controls, VO2peak of adults with ME/CFS varies from about 30-91% of predicted values for age and sex (5, 30–35, 38). This compares to values for adolescents with ME/CFS between 86 and 90% of predicted VO2peak for healthy controls of similar age and sex (36, 37). While low, values for some ME/CFS patients may be consistent with physical deconditioning, and may not be considered clinically remarkable. Consequently, VO2peak measured during a single CPET does not necessarily provide objective evidence of impaired recovery or PEM, whereas PEM is a cardinal symptom of ME/CFS, and management of PEM is a primary goal of treatment. Therefore, provocation of PEM may be accomplished using a standardized stressor of a single CPET. However, quantifying functional decrement due to PEM following the first CPET requires a second CPET administered 24 h later to determine if the patient can reproduce CPET measures within normal test-retest variability. Assessing the severity of PEM is useful for treatment for ME/CFS, and also provides objective evidence of impairment for purposes of disability review. The balance of this paper will detail the effects of PEM on recovery in ME/CFS and special considerations for testing those with ME/CFS for a valid and objective assessment of functional capacity and exertion intolerance.




RESULTS


Studies of 2-Day CPET in ME/CFS

Studies of exertion intolerance in ME/CFS using a 2-day CPET methodology indicate an impaired ability of patients to reproduce CPET results. Several studies have shown that ME/CFS patients are unable to reproduce values for VO2peak on serial CPETs (5, 6), VO2 at ventilatory threshold (6), and/or peak workload, or workload at ventilatory threshold (4). Additionally, abnormal responses to exercise such as hemodynamic or ventilatory responses may be observed in ME/CFS patients. Abnormalities in hemodynamic and ventilatory responses may or may not appear in some patients during the first exercise test, whereas others only display abnormalities during CPET2 following the onset of PEM.

Values for VO2, work rate and heart rate obtained at the VAT can also be examined for reproducibility. For example, test-retest VO2@VAT values are reliable and reproducible in both normal subjects and in various pathological conditions (22). But ME/CFS subjects often fail to reproduce values measured at VAT (3, 4). Compared to VO2peak, VO2@VAT is more indicative of the capacity to perform activities of daily living. Sustained activity at intensities that exceed VO2@VAT will eventually result in fatigue (15). Measures that coincide with VAT are important indicators of metabolic impairment and delayed recovery in ME/CFS patients. The failure to reproduce measures that correspond to VAT may be useful for identifying metabolic anomalies of energy production, and describing the magnitude of impairment due to PEM.




DISCUSSION


CPET1 to CPET2 Decrement Indicates Post-exertional Malaise

The post-exertional effect on energy production are signaled by changes in values measured across two CPETs. Diminished responses, or abnormal changes in metabolic, cardiac or hemodynamic measures during incremental exercise indicate impaired recovery due to muscular, cardiovascular, pulmonary or autonomic dysfunction. Changes in these values from CPET1 to CPET2 should be compared to normal ranges for test-retest reproducibility. Abnormal variability between tests is evidence of impaired recovery where both symptoms and changes in CPET values represent abnormal perturbation. An assessment of 2-day CPET data should include comparisons with normal age/sex values, and between CPETs for peak and VAT measures of VO2, work output, heart rate, blood pressure, minute ventilation, oxygen saturation, as well as transitional (rest to peak) changes in all measures. Additionally, the VE/VCO2 slope or lowest value during a CPET should be scrutinized for ventilatory decompensation. The magnitude of change from CPET1 to CPET2 is considered abnormal if in excess of normal test-retest variability. CPET measures and normal test values appear in Table 1. Additionally, patient reports of symptom flares with PEM following a CPET further support the pathological recovery response to exertion evidenced by the 2-day CPET results.



Table 1. Typical CPET values of intrest for ME/CFS patients.
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Other CPET Measures

In addition to VO2, other measures should also be assessed both within and between CPETs to confirm normal responses to incremental exercise including hemodynamic, ventilatory variables, and work rate measures. Abnormal responses to incremental exercise for heart rate, blood pressure, minute ventilation (VE), workload (e.g., VO2/work) and temperature implicate specific aspects of energy production and physiological systems affected by ME/CFS which may contribute to PEM. Immediate post-test recovery measures (e.g., HR, BP, ECG, O2sat, recovery time) should be closely monitored as well to determine normal post-CPET recovery responses. Post-test recovery dynamics should also be compared between CPET1 and CPET2. Disrupted post-test recovery dynamics, particularly following CPET2, are not unusual in this population. Signs and symptoms should be documented before during and after exercise, including pain and dyspnea.



VAT Is Highly Relevant for an ME/CFS Patient

The majority of daily energy demand is met via aerobic metabolic processes, which typically provides energy for daily activities such as normal speed walking, seated tasks, and other activities of daily living. A reduction in VAT following exertion in persons with ME/CFS may force reliance on anaerobiosis to support lower intensity work and subsequently lead to premature fatigue. From a practical standpoint, a reduction in the workload at which VAT occurs is believed to be consistent with the post-exertional decrease in function that coincides with PEM in ME/CFS patients. For example, with PEM induced by CPET1, it is not uncommon for patients to present with anaerobic predominance (early anaerobiosis), even during seated rest at the start of CPET2. Functionally, such patients rely on energy produced via anaerobic metabolism simply to perform resting and/or low level activities. It is not surprising when fatigue occurs under these circumstances.

To determine the point at which VAT occurs during a CPET, there may be several algorithms in the software of a metabolic measurement system to identify the VAT breakpoint. Perhaps most notable, the V-slope method, originally described by Beaver, Wasserman and Whipp (50), makes use of the relationship between minute ventilation (VE) and ventilatory removal of carbon dioxide (VCO2) during incremental exercise to determine the VAT. For consistency, the same algorithm should be used to identify VAT for both tests within the 2-day CPET method. An additional concern when testing ME/CFS patients is how a potentially abnormal ventilatory response may impact the determination of VAT. For this reason, VAT identified by an algorithm should always be scrutinized by a person(s) familiar with the determination of VAT to ascertain agreement with the algorithm-derived VAT.




METHODOLOGY


Exercise Testing Considerations for ME/CFS Patients

The objectives of the 2-day CPET method are to; (1) assess VO2peak and VO2 at VAT during the first CPET, in addition to other test variable kinetics, and (2) compare measures from CPET1 and CPET2 to assess test reproducibility and normality of recovery response following CPET1. To ascertain the magnitude of change in CPET2 due to CPET1, it is critical that the ME/CFS patient begin the test in a baseline state representative of the patient's well-rested capacity. Characteristics unique to ME/CFS patients require special pre-test preparations that should be addressed beginning as early as 2–3 weeks prior to a scheduled 2-day CPET. The objective is to minimize pre-fatigue and PEM in a patient who is preparing to travel in order to complete the 2-day CPET.

Pre-test Considerations

Factors such as travel to the test site, immediate pre-test (day of or even day before) paperwork that taxes cognitive function, and prolonged time in a common waiting area, even if seated, can all contribute to pre-test fatigue. Fatigue and PEM are exacerbated by physical, cognitive and emotional stressors (1), so every effort should be made to reduce such stressors where possible. Likewise, many ME/CFS patients experience hypersensitivity to light, noise, temperature, odors, and/or chemicals, so it is helpful to minimize environmental stimuli and maintain a generally low level of activity in the waiting area and testing environment.

Pretest directions/instructions should be in writing and given to the patient at least 1–2 weeks prior to arrival at a clinic. Included in these materials should be a clearly written pre-test checklist to assure that the patient adheres to pre-test preparation instructions (e.g., alcohol, caffeine, exercise and food restrictions prior to CPET, appropriate attire, etc.). Directions to the facility should include availability of disabled parking close to the building, and clear directions to the elevator or other lift assist as needed. Stairs (up and down) and long walks to the clinic should be avoided if possible as this will pre-fatigue the patient. It is reasonable to ask the patient prior to arrival if wheelchair assistance is indicated. Likewise, it is essential that the patient understands the importance of not becoming fatigued prior to the test, and plans travel to the test site with that in mind. When the test site is more than 1 h away, if feasible the patient should be encouraged to arrive the day before the scheduled test and spend the night locally. For some patients, 2 days of rest following air travel to a clinic may be necessary. It is essential that patients understand they should not drive a motor vehicle away from the clinic following either CPET, and plan accordingly. These recommendations may limit patient accessibility to testing, but should be considered to optimize quality of CPET data and patient safety.

Pre-test Forms/Questionnaires

Forms and questionnaires should be sent to the patient at least 2–3 weeks prior to a scheduled test. Completion of forms can be cognitively taxing for a person with ME/CFS and contribute to PEM, so sufficient time should be allowed for completion and return of forms to the clinic. In a clinic environment where a physician is present only part-time, prior arrangements are necessary to provide medical supervision during the 2-day CPET when testing a patient that meets criteria for high risk (7, 45). Similarly, sufficient time is necessary for the patient's physician to complete and return the referral form prior to testing the ME/CFS patient. Information provided to the patient should include explicit pretest instructions. Patients who experience cognitive impairment may be unable to process and respond quickly to copious or complex information, so providing simple, easily understood documentation helps improve adherence to pretest instructions. Paperwork that should be sent to the patient 2–3 weeks prior to a scheduled test may include the following:

• General information about test, payment options, clinic contact information

• Directions to clinic/parking, elevator, etc.

• Area lodging information, indicating hotels that provide shuttle service to your clinic

• Physician consent form

• Medical/health history form

• Informed consent document

• Fatigue status questionnaire; e.g., Bell Fatigue Scale (51), Short Form 36 Health Survey (SF-36.org), Multidimensional Fatigue Inventory (52), Fatigue Impact Scale (53)

• Listofmedications/non-prescription medications/supplements

• Day of test instructions (what not to eat/drink, appropriate clothing, etc.)

• Release of information form

• Recovery strategies/aids

Medications/Supplements

The use of medications prior to testing must be clarified with the patient. If the purpose of testing is for clinical evidence of impairment or assessment of PEM, medications, including OTC medications, and supplements should be taken as prescribed, and at the same time of day prior to each CPET. However, for both research purposes and clinical diagnosis, limiting medications would be determined after consultation with the referring physician.

Test-Day Considerations

-Seek to minimize time in the waiting area prior to preparations for a CPET. A place to recline or semi-recline is helpful for a waiting patient, or when reviewing or clarifying pretest paperwork and procedures with the patient.

-Provide water throughout testing, and following CPET2, electrolyte replacement beverages can be helpful. Many ME/CFS patients have orthostatic intolerance so maintaining hydration with fluid and electrolytes (e.g., coconut water, sport drink) following CPET2 is helpful for expediting recovery. There are a number of anecdotal reports of plasma volume or salt loading reducing recovery time. Patients may consider arranging with their physician for a prescription of 1 L of IV normal saline infusion following completion of the 2-day CPET. However, if possible, there should be no intervention between the two CPETs.

Pretest Procedures

-CPET1 session should begin by explaining the entire test day procedure in detail. Prior to obtaining informed consent, respond to all patient questions.

-Review the completed pretest forms, and seek clarification of information if necessary. Additional questionnaires or procedures (e.g., title table test, cognitive tests, lung function measures, etc.) should be limited to minimize pre-fatiguing the patient. Body weight should be measured (not self-reported) prior to each CPET, and height should be measured before CPET1. After 5 min of supine rest, obtain resting heart rate, blood pressure, O2 saturation, temperature, and monitor ECG. Monitoring the ECG throughout exercise testing is important for determining rate, rhythm and potential ischemia of cardiac tissue. Since many patients experience orthostatic symptoms, it is important to take measures after 5 min of supine rest and also during seated rest on the cycle ergometer prior to exercise.

-Explain use of the facemask or two-way valve to collect expired gases while the patient is supine. At this time, introduce and explain the Rating of Perceived Exertion (RPE)/Borg scale (48). Specify anchor intensities of 6 and 20 (or 0 and 10 for the modified scale) as the lowest and highest ratings of perceived exertion.

-Pain and dyspnea scales should be explained at this time as well. The seat height of the cycle ergometer should be adjusted to fit the subject and recorded, and the subject allowed to pedal at 0 Watts for a short period (<1 min). This will help the subject feel comfortable on the ergometer and reduce anxiety. To ensure safety during and after the CPET the patient should be monitored closely for adverse effects with continuous measures of blood pressure, oxygen saturation, ECG, and other indicators of stress.

Test Modality

A cycle ergometer is preferred to a treadmill for CPET testing of ME/CFS patients. While walking is a familiar activity for most and involves larger muscle groups, a cycle ergometer allows for easy quantification of work output and metabolic cost of exercise. There is less noise artifact for cardiac monitoring and measurement of blood pressure on a cycle ergometer, and fluctuation in work output from holding treadmill handrails, and biomechanical efficiency is less of a concern. Additionally, problems with balance and instability in some patients, particularly when close to maximum effort, are minimized when using a cycle ergometer. Patients generally feel more secure and comfortable on a cycle vs. a treadmill. Although VO2peak may be 10–15% lower in healthy individuals when measured using a cycle ergometer compared to a treadmill, the benefits of safety and security on the cycle ergometer for the ME/CFS patient outweigh the risks associated with treadmill exercise for this population (54). Lastly, for accurate interpretation of test-retest findings it is critical to precisely reproduce the CPET1 workload protocol during CPET2, which can be accomplished more readily with the cycle ergometer. Ideally, an electronically-braked cycle ergometer affords the most accurate workload measures, and also provides smooth workload transitions for the patient. Cycle seat height should be the same for both CPETs.

Test Protocol

Selection of the test protocol should be matched closely with the anticipated ability of the patient. The goal of the test protocol is to incrementally challenge energy production such that the patient is able to complete at least 8 min but no more than 12 min of cycling (45). For moderately ill ME/CFS patients who complete this protocol, workload increments of 10–15 W/min, beginning at 0 watts, is appropriate to achieve an 8–12 min test to maximum effort duration. However, for a patient with a significant history of physical training, a 20 or 25 W/min protocol may be appropriate. The same protocol should be used for CPET1 and CPET2. Typically, the following cycle ergometer protocol is used for testing the ME/CFS patient:

• START: 3 min seated rest on cycle—monitor ECG, VO2, and record BP and O2 saturation at min 2.

• EXERCISE PROTOCOL: first minute exercise stage—begin at 0 watts (no prior warm-up) and increase 10–15 watts per min, or as appropriate.

• DURING EXERCISE: Measure BP/O2 saturation/RPE every 2 min (e.g., @ 15W, 45W, 75W, etc.).

• PEAK EXERCISE: Obtain RPE, HR, BP at peak or immediate post exercise

• POST EXERCISE: Recovery measures of BP, HR/ECG, O2sat @ minutes 1, 3, 5, etc. until recovery when HR is within 20 bpm above pretest HR, close to pretest BP, normal ECG, asymptomatic.

• CONFIRM reason for test termination with patient.

Test termination should comply with testing guidelines (45) and is indicated by attainment of maximal effort, or test termination due to patient safety. When testing for evidence of disability, insurers and independent medical examiners will closely scrutinize patient effort. Therefore, criteria for maximal effort should be reported which could include; plateau in oxygen consumption with increases in workload, RPE ≥ 18 (6–20 scale), respiratory exchange ratio (RER) ≥ 1.1, or peak blood lactate ≥ 8 mM. These criteria support evidence of maximum effort during CPET. The RER criterion is generally considered a more valid indicator of patient effort compared to the other indicators (55). Generally, satisfying two of three criteria is acceptable to determine that maximum effort was given by the patient (56). However, it would be inappropriate and unethical to prime the patient regarding effort criteria, therefore, consistency of procedures and patient motivation during both CPETs should be maintained for a valid comparison between CPETs.

Patient Risk

As with any maximal effort CPET, risk is conferred to the patient in completing such a test. Risk reduction is mitigated through standard procedures that include obtaining a relevant health history and completed cardiovascular disease risk questionnaire, a physician referral for testing, and clarifying with the patient any signs or symptoms suggestive of cardiovascular, pulmonary or metabolic diseases. Standardized guidelines for exercise testing are available and should guide decision making regarding risk classification of a patient and the need for medical oversight when conducting a CPET (7, 45, 57). When testing ME/CFS patients, it is not uncommon to find they may be well-screened for cardiovascular, pulmonary or metabolic disease risk in the course of trying to obtain a diagnosis of their illness symptoms. Due largely to the lack of knowledge and understanding of ME/CFS by medical professionals, average time from onset of ME/CFS symptoms to diagnosis is greater than 1 year, but 29 percent of patients surveyed reported that receiving a diagnosis took longer than 5 years (58, 59). Throughout efforts to obtain a diagnosis, patients commonly, but not always, visit and are screened by internists, cardiologists, rheumatologists, and others. Yet, there is insufficient evidence among this patient population to fully understand the relative risk to ME/CFS patients who complete the 2-day CPET procedure. As well, there is no evidence to suggest that the risk of untoward cardiovascular events varies from the general population. Due to the fact that many patients are well-screened prior to CPET testing, it could be suggested that risk for such an event may even be less than that of the general population. For ME/CFS patients, the greater concern of performing an exercise test is that associated with the potential for exacerbation or worsening of their typical PEM symptom profile. Because the disease is cyclic in nature, with patients often experiencing periods of remission and reactivation, and due to insufficient data on CPET testing in sufficiently large numbers of patients, it is unknown if performance of an exercise test, either submaximal or maximal, could worsen the overall illness status. Exacerbation of PEM symptoms via exercise is an inherent risk but also central to the efficacy of the 2-day CPET methodology, which should be acknowledged in the informed consent document. Most patients are well aware of their PEM symptom complex and the temporal expression of symptoms. However, particularly in patients who recently became ill, the exacerbation of symptoms due to exercise testing may coincide with the natural cyclic progression of the illness, and result in more severe and longer exacerbation of symptoms than is typical. Hence, it is difficult to predict the extent to which symptoms may flare and for how long. Patients should be fully aware of this risk prior to consenting to an exercise test. Strategies to minimize pretest energy expenditure during travel to a test site, preparation for an exercise test, and mitigating posttest symptom exacerbation are listed in Table 2.



Table 2. Strategies to provide ME/CFS patients for testing.
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Calibration and Quality Control

Calibration of the metabolic cart is essential prior to and following each CPET to assure accuracy and validity of data. Of equal importance, is biological validation for long-term stability of metabolic cart accuracy.

Quality Assurance - Biological validation for quality assurance is also essential for valid data. Reproducibility of gas exchange measurements requires consistent testing methodology. Biological quality control can identify error not detected by automated calibration of the metabolic measurement system (60). Even when automated system calibration appears accurate, results may be erroneous (61). Biological validation can be achieved by testing laboratory staff on a monthly basis at matched submaximal work rates, and for VO2/work rate slope (62).

In general, routine maintenance based on the manufacturer's recommendation is essential for internal validity of data from the metabolic measurement system and electronic cycle ergometer. The validity of comparison of CPET1 and CPET2 data relies on valid and reliable measurement devices.

Software Considerations - Data sampling, averaging, graphical and summary reports are determined by software supplied with metabolic measurement systems. Sampling differences can greatly affect test results. Breath by breath measurements averaged over 15–20 s intervals will reduce the effect of random noise and improve data consistency. It is essential to display data in a tabular time down format with rest, start of exercise, and peak exercise clearly delineated. Peak values should be selected from data in time down format following visual inspection of data for overt outliers due to coughing, gagging, sneezing or talking. Only data from start of exercise to peak exercise should be used to determine VAT.




CONCLUSIONS

Understanding and treating ME/CFS patients is hampered from a lack of diagnostic markers, heterogeneity in patient presentation, waxing and waning of symptoms within an individual patient, poor understanding of disease pathology, and the need to exclude other conditions. Cardiopulmonary exercise testing can provide helpful insights into this disease by better characterizing the unique post-exertional pathology of the illness.

Studies using one CPET-only are useful to elucidate immune activity and/or gene expression in ME/CFS because strenuous activity is known to induce considerable physiological changes similar to those associated with trauma (29, 63). As a quantifiable stressor, CPET has the capacity to reveal abnormalities across multiple systems that may not be apparent at rest by assessing the integrated response to exercise through comprehensive evaluation of the pulmonary, cardiovascular, haematopoietic, neuropsychological and musculo-skeletal systems (15). The inclusion of CPET could also be a primary consideration when designing clinical trials with functional endpoints (61). Determination of the respiratory exchange ratio, a measure exclusive to analysis of expired gases, provides the most accurate and reliable gauge of subject effort. This avoids problems associated with use of age-predicted maximal heart rate, which varies significantly in the general population and can be affected by both medication and pathology. Issues of response bias in self-report indictors of effort are also avoided. In the case of ME/CFS, the respiratory exchange ratio enables direct comparison between patient and control with confidence that both subjects were exposed to equivalent levels of physiological stress. Single CPET studies are also be useful for objective measurement of illness severity, pathophysiology, and for monitoring illness progression.

By comparison, the 2-day CPET methodology is useful for describing ME/CFS pathology as it provides objective and measureable changes due to impaired recovery across the two exercise tests. When the first test is conducted with a well-rested subject in a non-exacerbated state, this methodology allows for the characterization and quantification of post-exertional effects on functional capacity. Effects may be identified to correspond specifically to exercise at VAT or peak effort. Information gleaned from a 2-day CPET also offers objective evidence of impairment attributable to the effects of PEM, helps with patient management, informs therapeutic interventions, and tracks illness progression. Standardizing the 2-day CPET methodology to assess ME/CFS and other fatiguing illnesses across testing sites and study groups will allow for valid and relevant between-study comparisons. The goal is to better understand how impaired recovery impacts energy production and function, and hopefully determine the underlying pathophysiology of PEM as a disease component of ME/CFS.
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Introduction: Orthostatic intolerance is common among individuals with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). In some ME/CFS case definitions, orthostatic intolerance is considered a core feature of the disorder. Some studies have employed tilt table tests lasting 2–5 min to diagnose one common form of orthostatic intolerance, postural tachycardia syndrome (POTS). We examined the diagnostic yield of abbreviated durations of tilt testing in adults meeting criteria for ME/CFS, and identified the proportion with POTS misdiagnosed using testing of <10 min.

Methods: Eligible participants were consecutive individuals satisfying study criteria for ME/CFS and POTS evaluated at the Stichting CardioZorg (SCZ, Hoofddorp, NL) between November 2012 and August 2018. Individuals being treated with medications commonly used to manage orthostatic intolerance were excluded. Head-up tilt table testing involved 15 min of supine posture then 20 min at 70 degrees upright. Only the data from the first 10-min upright were used. POTS was defined as an increase in HR during a maximum of 10 min of upright tilt of at least 30 beats per minute (bpm), in the absence of either classical or delayed orthostatic hypotension. We measured the time until HR criteria for POTS were reached using survival curves, and compared survival curves between subgroups divided by age, sex, disease duration, and degree of hypocapnia during the test.

Results: Of 627 individuals with ME/CFS evaluated during the study period, 155 met criteria for POTS. The median time to reaching HR criteria for POTS was 3 min. A two-minute tilt table test would miss 55% (95% CI, 48–63%) of those meeting POTS criteria over the course of 10 min upright. The median time to reaching HR criteria for POTS did not differ by sex, age, duration of ME/CFS, or hypocapnia during tilt.

Conclusions: Abbreviated tilt table testing misses a substantial proportion of those ultimately diagnosed with POTS during a 10-min tilt table test, and should be abandoned for the clinical diagnosis and in epidemiologic studies designed to estimate the prevalence of POTS among those with ME/CFS.

Keywords: postural tachycardia syndrome, orthostatic intolerance, tilt table test, myalgic encephalomyelitis, chronic fatigue syndrome


INTRODUCTION

Orthostatic tachycardia has been associated with clinical syndromes that resemble myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) since at least 1940, when McLean and Allen described a group of patients who experienced excessive heart rate acceleration and hypotension after shifting from a recumbent to an upright posture (1, 2). Studies in the 1990s brought further attention to the association between ME/CFS and various forms of orthostatic hypotension or postural tachycardia syndrome (POTS) (3–8). Although neglected in the Fukuda criteria for CFS (9), and underemphasized in the ME criteria (9, 10), orthostatic intolerance is now considered a core feature in the Institute of Medicine ME/CFS criteria (11).

The various consensus criteria for POTS all require a heart rate (HR) increase of at least 30 beats per minute over the course of 10 min upright for adults (or at least 40 bpm for those 12–19 years) compared to measurements in the supine position (12–14). These HR changes can be assessed using either passive or active standing maneuvers, or head-up tilt testing (15–21). The diagnosis of POTS also requires the absence of orthostatic hypotension (OH), although the 2011 consensus criteria are somewhat unclear as to whether this refers just to OH during the first 3 min or also to delayed OH after the 3-min point. While all of the criteria mention that POTS is usually associated with chronic orthostatic symptoms, not all criteria specifically require this.

When POTS is diagnosed using the 2011 consensus criteria, the duration upright would need to be 10 min. Questions have been raised about whether a shorter period of study would be sufficient, or could identify a more impaired patient population. For example, the seminal early study by Schondorf and colleagues used a 5-min period of head-up tilt (22). Braune and colleagues have suggested that a 2-min duration of upright posture is sufficient for the diagnosis in most instances (20). A 2-min period of standing was adopted by Hoad and colleagues in defining a 27% prevalence of POTS among those with ME/CFS (23). Stewart and colleagues suggested a 5-min tilt test might suffice for diagnosing POTS in the pediatric population (14).

Roma and colleagues have recently reported that an abbreviated 2-min test would miss 53% of those who ultimately satisfy heart rate criteria for POTS over 10 min of passive standing (24). In that study of young people (median age 17 years) the median time to POTS was 3 min. Those diagnosed in the first 5 min upright had higher peak heart rates than those diagnosed in the final 5 min, and were more likely to reach a peak HR > 120 bpm. Symptom provocation during the standing test, however, was similar for the sub-groups meeting POTS criteria early vs. late in the 10 min upright.

We sought to re-examine the diagnostic yield of abbreviated orthostatic testing in a sample of patients from an adult as opposed to a primarily adolescent population with ME/CFS, using tilt testing as the form of orthostatic stress rather than passive standing.



MATERIALS AND METHODS


Eligible Participants

Consecutive individuals satisfying study criteria for ME/CFS and POTS were included in this study if they had been evaluated at the SCZ (Stichting CardioZorg) between November 2012 and August 2018. The SCZ is a specialty clinic in Hoofddorp, The Netherlands. All participants had been referred by their general practitioners for either ME/CFS or orthostatic intolerance. No participants were self-referred. The use of clinical data for descriptive studies was approved by the ethics committee of the Slotervaart Hospital.

ME/CFS was considered present if participants met both the 1994 International Chronic Fatigue Syndrome Study Group criteria for CFS (25) and the 2011 international consensus definition of ME (10). Participants with ME/CFS entered the study with the expectation that they would be followed and treated clinically.

All participants were evaluated by the same experienced clinician (FV), who conducted a history and physical examination to confirm or establish the diagnosis of ME/CFS, and also conducted a tilt table test. For the tilt testing component, individuals being treated with medications that could lower heart rate or blood pressure (for example, beta-adrenergic antagonists, anti-hypertensive medications, or ivabradine) were excluded, as were those being treated with midodrine, fludrocortisone, desmopressin, pyridostigmine bromide, or stimulant medications. Individuals being treated with selective serotonin reuptake inhibitors or serotonin norepinephrine reuptake inhibitors continued to take these medications.



Tilt Test Methods

Participants were studied in a climate-controlled room where the temperatures range from 22 to 24 degrees C. No intravenous or intra-arterial cannulation was employed. Nasal prongs were placed to measure expired carbon dioxide (CO2) concentrations. Individuals were positioned supine for 15 min before a motorized table brought them to a 70-degree upright position over approximately 30 s. Participants remained in the head-up tilt position for up to 20 min. The test was prematurely stopped at the request of the patient, or if the individual developed syncope or presyncope. For this study, only the data from the first 10-min upright were used. Testing was conducted at least 3 h after a light meal. Participants were encouraged to ingest an ample amount of fluid on the day of the procedure, but did not drink fluids in the 2 h before the test. Heart rate (HR), systolic, diastolic, and mean blood pressures (SBP, DBP, and MAP) were continuously recorded by finger plethysmography using the Nexfin device (BMeye, Amsterdam, NL). HR and BP data were extracted from the Nexfin device and imported into an Excel spreadsheet, and a curve-fitting procedure was used to define heart rate and BP data for the pre-test supine HR and at each discrete 1-min interval during the test (GraphPad Prism, version 6.05, GraphPad Software, La Jolla, California, USA, www.graphpad.com).



Definition of POTS

We used the 2011 consensus definition for POTS, which requires a sustained increase in HR during a maximum of 10 min of upright tilt of at least 30 beats per minute (bpm) in those >19 years (12). The peak HR was compared to the calculated HR value at the end of the 15-min supine period. POTS was diagnosed only if there was no orthostatic hypotension (a decrease in systolic blood pressure of 20 mmHg or a decrease in diastolic blood pressure of 10 mmHg) within the first 3 min of tilt (classical OH), and additionally if there was no delayed OH during the 10 min upright.

We considered the HR criteria for POTS to have been reached when the HR during tilt first reached a 30 bpm increase from the HR at the end of the 15 min supine. We analyzed the survival curves of the time until HR criteria for POTS were reached using Graph Pad Prism. We compared survival curves between subgroups divided by age, sex, disease duration, end-tidal CO2, and serotonin reuptake inhibitor status with the Mantel-Haenszel hazard ratio, using the Mantel-Cox log rank test to determine whether differences between curves were significant. We used 95% confidence intervals (CI) for the estimates of the proportion of patients with POTS who would be missed if the test were stopped at each 1-min interval.




RESULTS

A total of 627 individuals with ME/CFS were evaluated at the Stichting CardioZorg during the study period. We excluded those with classical OH (N = 16), delayed OH (N = 91), vaso-vagal syncope (N = 6), and a normal BP and HR response to tilt (N = 351). We also excluded subjects whose diagnosis of POTS was based on having a HR over 120 bpm standing (N = 4) but who did not reach a 30 bpm HR increase. Four others were excluded because insufficient data were available (N = 4). No participants had a co-morbid diagnosis of diabetes mellitus, SLE, rheumatoid arthritis, or Sjogren syndrome. We did not ascertain whether participants had antibodies to adrenergic receptors or an auto-immune form of POTS. This left 155 participants who met study criteria for both ME/CFS and POTS. Table 1 shows the demographic characteristics of the study population as well as baseline pre-tilt circulatory values and highest HR and BP or lowest CO2 values during tilt. Eighteen of the 155 participants (12%) were being treated with serotonin reuptake inhibitor medications at the time of tilt testing.



Table 1. Demographic and circulatory characteristics of the study population*.
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Figure 1 illustrates the cumulative incidence of reaching HR criteria for POTS during the 10 min of upright tilt testing. The median time to reaching HR criteria for POTS was 3 min. In all participants, the HR remained elevated for the duration of the testing. Table 2 shows the proportion of participants in whom the diagnosis of POTS would have been missed if shorter durations of orthostatic stress were employed.
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FIGURE 1. Survival curve of the time until HR criteria for POTS were reached for all 155 participants with ME/CFS.





Table 2. Proportion of POTS diagnoses that would be missed at each minute of an abbreviated head-up tilt table test.
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Figures 2A–D shows the survival curve differences by sex, age, duration of disease, and end tidal CO2 values, respectively. The median time to reaching HR criteria for POTS was 3 min for females and 4 min for males (Mantel-Haenszel ratio, 1.3; 95% CI, 0.69–2.41; P = 0.42). Using a cut-point for age at the median age of our study population, there was no difference in the time to reaching HR criteria for POTS by those under 33 vs. 33 or older (Mantel-Haenszel ratio, 1.1; 95% CI, 0.72–1.58; P = 0.74). Using a cut-point for disease duration at the median for participants in the study, there was no difference in the time to reaching HR criteria for POTS among subjects with a disease duration of <7 years vs. more than 7 years (Mantel-Haenszel ratio, 1.12; 95% CI, 0.76–1.66; P = 0.56). There was no difference in the time to reaching HR criteria for POTS among subjects with an end-tidal CO2 level at the end of 10 min of <30 vs. 30 mm Hg or more (Mantel-Haenszel ratio, 1.22; 95% CI 0.89–1.85; P = 0.28). There was no difference in the time to reaching HR criteria for POTS for those being treated with serotonin reuptake inhibitors compared to those not being treated (Mantel-Haenszel ratio, 0.89; 95% CI, 0.0.50–1.59; P = 0.69).
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FIGURE 2. Survival curve comparisons for the time until HR criteria were reached for ME/CFS subsets based on (A) sex, (B) age (<33 vs. ≥33 years), (C) duration of ME/CFS at the time of tilt (<7 vs. ≥7 years), and (D) lowest end-tidal CO2 during tilt (<30 vs. ≥30 mm Hg). End-tidal CO2 data were available for 147/155 participants; all other analyses were based on the entire sample of 155.



One hundred thirty-one (85%) met HR criteria for POTS during the first 5 min upright vs. 24 (15%) in the last 5 min upright. The proportion with a peak HR of ≥ 120 was 47% in the early group and 21% in the late group (P = 0.02, Fisher's exact test).



DISCUSSION

The main finding of this study is that for adults with ME/CFS, abbreviated tilt table testing has the potential to miss a substantial proportion of those ultimately diagnosed with POTS during a 10-min tilt table test. A two-minute test would miss 55% (95% CI, 48–63%), emphasizing the limitations of POTS prevalence estimates based on abbreviated orthostatic testing. The median time to reaching HR criteria for POTS during tilt testing was 3 min, identical to the findings of Roma and colleagues in younger individuals who were studied using a passive standing test (24). We found no differences in the time to reaching the HR criteria for POTS based on age, sex, duration of ME/CFS, or the end-tidal CO2 levels at the end of the 10 min upright.

Other studies have examined the optimal time to tilt testing for the diagnosis of POTS (26). In 28 patients selected for tilt testing based on a suspicion of POTS, but in whom the ME/CFS status was not reported, Carew and colleagues reported that all 28 meeting HR criteria for POTS had done so by 7 min of 70-degree tilt, whereas none of 28 age-matched controls had developed a sustained tachycardia (26). While our study identified an additional 3% with POTS after the 7-min point, this minor variability in outcomes is likely related to the larger sample size in our study. Carew and colleagues concluded that the full 10 min of tilt was required to diagnose POTS.

The time to reaching HR criteria for POTS in our study among adults was the same as that for a primarily adolescent and young adult population. However, the proportion with a peak HR of 120 bpm or higher in the first 5 min of tilt was 47%, which compares to just 26% in the Roma study (24). Plash and colleagues reported a mean HR increase for those with POTS that was five beats higher after 5 min of upright tilt than after the same period of active standing, although this difference did not reach statistical significance until participants with POTS and healthy controls were combined (17). In their combined study population, a higher HR during passive tilt vs. active standing was present for all 5-min intervals of the 30 min of upright posture. A potential contributor to this difference, among other physiologic changes, is that active standing involves greater use of the leg muscles, more postural sway than tilt, and greater engagement of the abdominal muscles, all of which can combine to increase venous return to the heart (17). The “passive” element of a passive standing test involves leaning back against a wall, which reduces postural sway, but the leg and abdominal muscles are nonetheless expected to be more actively engaged while standing than during upright tilt. As a result, we believe the more robust HR changes in the first 5 min of tilt testing in this study compared to that of Roma and colleagues could be related in part to differences between the forms of orthostatic testing in the two studies. Other important differences such as age and disease duration could also play a role.

Among the strengths of this study are its relatively large sample size, the lack of variability in the application of diagnostic criteria due to a single examiner, a consistent tilt testing protocol, and the fact that participants satisfied the definitions for both ME and CFS. One limitation is that the study may not be applicable to all individuals with POTS, as the study enrolled only those with POTS and ME/CFS. Adults meeting case definitions for both ME/CFS and POTS report a significantly greater prevalence of severe fatigue, unrefreshing sleep, muscle pain, post exertional fatigue, and headaches than those with POTS alone (27). Similar observations of increased symptom burden for those with CFS and POTS vs. POTS alone results have been found in pediatric patients (8). Without data on time to reaching HR criteria for those with POTS in the absence of ME/CFS, we are unsure what effect the differences in general symptom burden would have on our results, and we do not have data to suggest that our findings can be extrapolated with confidence to those with POTS alone.

All individuals in this study had chronic orthostatic symptoms. The proportion of individuals with ME/CFS who have exaggerated postural tachycardia during tilt in the absence of chronic orthostatic intolerance symptoms is difficult to determine. All those with ME/CFS have chronic symptoms of fatigue and exercise intolerance, which are viewed in the autonomic literature to be features consistent with orthostatic intolerance. A high proportion with ME/CFS have lightheadedness, 96% in some studies (5), and 61% report intolerance of being on their feet (28). Across several studies, over 90% with ME/CFS report cognitive dysfunction, but in most ME/CFS studies, little effort is made to distinguish whether these symptoms are a consequence of orthostatic stress or due to some other contributor to ME/CFS pathophysiology. Some of the variability in the reporting of orthostatic symptoms in the ME/CFS literature is due to differences in the comprehensiveness with which orthostatic intolerance symptoms are ascertained (11). We are not aware of data reporting an exaggerated tachycardia among those with ME/CFS in the absence of chronic orthostatic symptoms.

We did not perform more extensive autonomic testing using quantitative sudomotor axon reflex testing, Valsalva, or heart rate variability measures to identify specific pathophysiologic subgroups of those with POTS, nor did we evaluate for small fiber neuropathy. Our focus was to determine whether abbreviated testing would miss a high proportion of those meeting the current definitions for POTS. Future studies will be able to examine whether specific POTS subgroups have different heart rate responses to upright tilt, and whether healthy controls have a parallel HR elevation at different points of the tilt test. Future studies with healthy controls will also be able to ascertain whether the interaction between time and HR elevation is similar in healthy individuals.

Participants in this study were not being treated with medications typically used to directly modulate heart rate and blood pressure, and only 18 individuals (12%) were being treated with SSRI or SNRI medications at the time of tilt testing. The survival curves of the time to reaching HR criteria for POTS, however, did not differ between those on SSRI/SNRI medications and those not being treated, suggesting that medication status did not affect the results. We acknowledge that serotonin has the potential to affect vascular tone (both vasoconstriction and vasodilation) (29), and the SNRI medications in the clinical setting can raise BP, but our data suggest a limited or absent impact on the detection of POTS among those with ME/CFS. The impact of these medications on other forms of orthostatic intolerance remains to be determined.

We conclude that abbreviated orthostatic testing should be abandoned in epidemiologic and clinical studies designed to estimate the prevalence of POTS among those with ME/CFS, in whom a full 10-min of tilt testing improves the sensitivity of the test for identifying POTS.
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Techniques of data mining and machine learning were applied to a large database of medical and facility claims from commercially insured patients to determine the prevalence, gender demographics, and costs for individuals with provider-assigned diagnosis codes for myalgic encephalomyelitis (ME) or chronic fatigue syndrome (CFS). The frequency of diagnosis was 519–1,038/100,000 with the relative risk of females being diagnosed with ME or CFS compared to males 1.238 and 1.178, respectively. While the percentage of women diagnosed with ME/CFS is higher than the percentage of men, ME/CFS is not a “women's disease.” Thirty-five to forty percent of diagnosed patients are men. Extrapolating from this frequency of diagnosis and based on the estimated 2017 population of the United States, a rough estimate for the number of patients who may be diagnosed with ME or CFS in the U.S. is 1.7 million to 3.38 million. Patients diagnosed with CFS appear to represent a more heterogeneous group than those diagnosed with ME. A machine learning model based on characteristics of individuals diagnosed with ME was developed and applied, resulting in a predicted prevalence of 857/100,000 (p > 0.01), or roughly 2.8 million in the U.S. Average annual costs for individuals with a diagnosis of ME or CFS were compared with those for lupus (all categories) and multiple sclerosis (MS), and found to be 50% higher for ME and CFS than for lupus or MS, and three to four times higher than for the general insured population. A separate aspect of the study attempted to determine if a diagnosis of ME or CFS could be predicted based on symptom codes in the insurance claims records. Due to the absence of specific codes for some core symptoms, we were unable to validate that the information in insurance claims records is sufficient to identify diagnosed patients or suggest that a diagnosis of ME or CFS should be considered based solely on looking for presence of those symptoms. These results show that a prevalence rate of 857/100,000 for ME/CFS is not unreasonable; therefore, it is not a rare disease, but in fact a relatively common one.

Keywords: ME/CFS, myalgic encephalomyelitis, chronic fatigue syndrome, prevalence, costs, machine learning, data mining


INTRODUCTION

Myalgic Encephalomyelitis (ME) and Chronic Fatigue Syndrome (CFS) are serious, debilitating conditions that impose a burden of illness on millions of people in the United States and around the world (1).

Multiple case definitions have been used to define ME and CFS. Those for ME require the presence of post-exertional malaise and tend to identify a more severely ill subset of the broader ME and CFS population (2). Although there are separate diagnostic codes for ME and CFS, the descriptions in the International Classification of Diseases (ICD)1 listings are the same. The two terms ME and CFS have been conflated, and as of 2016, U.S. federal health agencies have used the combined term ME/CFS to refer to this disease.

ME/CFS is an acquired, chronic, multi-systemic disease characterized by significant relapse after physical, cognitive, or emotional exertion of any sort. The disease includes immune, neurological and cognitive impairment, sleep abnormalities, and autonomic dysfunction, resulting in significant functional impairment accompanied by a pathological level of fatigue. The cause of the disease remains unknown, although in many cases symptoms may have been triggered by an infection or other prodromal event [U.S. Department of Health and Human Services, (3)].

The underlying etiology is not known. There is no readily available laboratory test to diagnose ME/CFS, no FDA-approved drug for ME/CFS, and no cure. Many ME/CFS patients experience significant disability. At least one-quarter of ME/CFS patients are house- or bedbound at some point in their lives (4, 5). The direct and indirect economic costs of ME/CFS to society have been estimated at $17 to $24 billion annually (6), including $9.1 billion attributed to lost household and labor force productivity (7).

Assigning a diagnosis of ME/CFS in the clinical setting often takes years. Many physicians are uninformed or misinformed about the disease (1). It has been estimated that 84–91% of patients affected by ME/CFS are not diagnosed with the disease (8).

Thus, improving diagnosis and optimizing management can have significant economic and public health consequences (2). Without good data on the prevalence of ME/CFS, it is difficult to allocate resources for research of all kinds (etiology, pathophysiology, treatment, etc.), as well as for medical education, that would be commensurate with the burden of the disease.

This study uses data from a large sample of the general population insured by a major commercial health insurance carrier to look at characteristics of clinician-diagnosed ME and CFS patients. We applied techniques of data mining and machine learning to a large medical claims database to investigate the prevalence, characteristics, and costs for individuals with ME/CFS.



METHODS

This study examined de-identified physician and hospital data from a large claims processing database from Optum, a large healthcare information and services company, which allowed us to describe features of physician-diagnosed ME/CFS patients and to compare this group to the general insured population. The overall sequence of the study is shown in Figure 1.
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FIGURE 1. Graphic showing sequence of steps in this study.




Data Sources

The Optum database contains membership, provider, claims, and ancillary data on over 101 million former and current members. The database contains no identifying information on individuals (names, addresses, etc.), but each individual's claims data are linked. The database contains a primary diagnosis and up to four additional diagnostic codes for each claim.

The primary dataset used in this study includes medical and facility insurance claims for nearly 50 million (49,963,500) individuals age 0 through 89 who had at least one medical or one facility claim. Only medical (e.g., from doctor's offices and including any tests or procedures that were conducted or ordered there) and facility (e.g., hospital) claims were part of the data sets used in this study. Prescription drug claims were not included.

The database captured all medical and facility claims, and did not require that the individual have continuous insurance coverage over a specific period of time. The data used in this study are primarily from individuals enrolled during the years 2011–2016, 2016 being the last year for which complete enrollment data were available. All claims for these individuals were considered including claims from the year 2017 if available.

Approximately 80% of individuals in this dataset were insured by commercial health insurance; close to 20% had coverage from Medicare, the U.S. government program for individuals age 65 and over and for certain individuals with disabilities. The dataset did not include any claims associated with Medicaid, the U.S. government program for low-income individuals. For some of the topics in this study, sub-sets of the dataset were used.

We used diagnosis codes which were assigned and entered into the patient's record. From the code alone we could not determine what case definition or clinical diagnostic criteria were used to make the diagnosis.

During the years 2011–2016 two different sets of ICD codes2 were in use, ICD-9-CM and ICD-10-CM. Both versions included codes that were used for CFS (Chronic Fatigue Syndrome) and ME (Myalgic Encephalomyelitis) (Table 1). ME and CFS were analyzed separately in some analyses. The lack of specificity and interrelationships of these codes (see Appendix 1 in Supplementary Material, Interrelationships of ICD codes used for Chronic Fatigue Syndrome (CFS) and Myalgic Encephalomyelitis (ME) in the U.S. as of October, 2018) introduce a degree of uncertainty; however, these are the diagnostic codes used for ME and CFS, and provide the best available baseline for this type of study at this point in time.



Table 1. ICD codes used for diagnosis of ME and CFS.
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Frequency of ME/CFS Diagnosis and Demographics of Diagnosed Population

Main dataset: The general population (all individuals in the database) and the diagnosed population (all those with codes for ME or CFS) were examined for distribution by current (as of 2017) age and gender. Queries were run against the entire data set and two subsets. Separate queries were run to eliminate duplications if an individual had codes for both ME and CFS.

The initial analysis was conducted using the entire dataset of 49,963,500 individuals who had at least one medical or one facility claim. Claims associated with these individuals were examined for presence of one of the four diagnosis codes as the primary diagnosis. Length of insurance enrollment was not considered for this group.

Subset 1: The first subset analysis examined individuals who were continuously enrolled in the same insurance plan for the entire 2011–2016 period, providing longer length of enrollment, and more complete medical history.

Subset 2: The second subset consisted of individuals who were continuously enrolled in the same insurance plan for between 2 and 4 years at any time between 2011 and 2016. This group more accurately represents the central tendencies of the data and eliminates outliers. For this query we used codes from all 5 diagnosis code fields in the analysis, not just the primary diagnosis. All claims for these individuals were included. In addition to the base query, we also separately analyzed demographic data for individuals in this subset who were diagnosed with ME only, without including those diagnosed with CFS alone.

For all datasets, the reference population is all the individuals in that dataset.



Validation of Clinical Diagnostic Criteria

An important component of this study was an examination of symptom codes in medical records to determine if the diagnosis of ME/CFS could be confirmed by the presence of a unique cluster of symptoms, such as those in the diagnostic criteria proposed in the 2015 report from the National Academy of Medicine (1), which requires 4 or 5 core symptoms that were determined to be strongly supported by evidence as accurately identifying ME/CFS (Appendix 2 in Supplementary Material).

In order to maximize the probability of being able to identify symptoms, we limited analysis to the population continuously enrolled for the entire 2011–2016 period (subset 1), since longer enrollment provides a more complete history.



Estimating Prevalence Using Machine Learning

We applied the techniques of machine learning to predict the prevalence of ME using another method of analyzing our claims data. (For more information about machine learning, see Appendix 3 in Supplementary Material). From the cohort of individuals who were continuously enrolled for 2 to 4 years, individuals under the age of 15 years were removed in order to minimize features that would be created from predominantly pediatric care. To create the machine learning modeling cohort, we included all members of the diagnosed population as well as a random sample of 25% from the remaining general population.

The modeling cohort was randomly split into a training, validation, and testing set per data science protocol. The training set was rebalanced for modeling with a 50–50 random split, so that the diagnosed and general population were evenly split and the model could train on positive and negative classes evenly. The training set was used to train the model. The validation set was used to tune the model. The testing set was used to do a final test on the finished model.

The model was built using XGBoost, an open source implementation of the boosted tree method of supervised learning. The final model contained 507 features which included medical claim codes, age, and gender information. The validation set was used for prevalence estimates. Prevalence was estimated from individuals that the model predicted to have ME at a 99% probability and dividing by the total number in the dataset.



Costs

To analyze the financial impact of the disease, we used data from the main data set for the years 2012 through 2016. This time period was chosen because it includes the largest number of individuals and the most years of claims data. We focused on individuals with the ME diagnosis code because we speculated that assignment of the less well-known ME diagnosis code might better represent the characteristics and diagnostic criteria of ME/CFS, and therefore this would be a more specific group. We only considered individuals from the overall cohort who were 13 years of age or older, since the incidence of ME in young children is much smaller.

Costs used were the standard allowed payment (contracted rate) for all provider services which may have ultimately been paid by either the insurer or related patient responsibility associated with the claim such as patient co-payment or deductible, if any.

We looked at the yearly costs related to claims for individuals diagnosed with ME vs. all other individuals in the reference population. The average annual cost per individual was calculated on medical claims >$0 for each year from 2012 to 2016. Costs were not adjusted for inflation. Costs included both those paid by the insurer at the standard allowed payment for all provider services and the related patient responsibility associated with the claim such as patient co-payment or deductible, if any. Only medical and facility claims were considered, and we did not analyze the content of claims that contributed to the costs.

To put the cost in context, we also looked in the same way at annual costs related to claims for two similar diseases which are often compared to ME/CFS, multiple sclerosis and lupus erythematosus. ICD codes used in these queries are shown in Table 2.



Table 2. ICD codes used for the diagnosis of multiple sclerosis and lupus.
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RESULTS


Prevalence of ME Diagnosis vs. Average Length of Enrollment

In creating Subset 2, we compared the average length of continuous enrollment for individuals diagnosed with ME-only vs. the general insured population. The average length of enrollment of all individuals in the database is just over 2 years (980 days). Individuals with a diagnosis code for ME but not for CFS, on average, have been enrolled for just over 3 years (1,204 days). We therefore chose the length of continuous enrollment from 2 to 4 years to most accurately represent the central tendencies of the data and eliminate outliers for both the general and the ME-diagnosed population. Subset two includes individuals with a diagnosis of ME in any of the diagnosis fields in the claims (primary diagnosis plus up to four additional secondary diagnoses).

Table 3 shows the number of individuals continuously enrolled for periods of from 1 to 7 years who had a diagnosis code of ME (but not CFS). Note that as the length of continuous enrollment increases, the proportion with an ME diagnosis also increases, as would be expected as the opportunity for diagnosis is extended.



Table 3. Prevalence of ME diagnosis for varying lengths of continuous enrollment (any years).

[image: image]






Frequency of ME/CFS Diagnosis

Tables 4, 5 show diagnostic codes for ME and CFS and prevalence of these diagnoses for the three population sets. Data columns for ME and CFS include all individuals who had that as the primary diagnosis code in any of their claims. Prevalence for each of the three groups was calculated by dividing the number of diagnosed individuals by the total in the reference population. Some individuals might have had both codes within their set of claims; separate queries were run to eliminate this duplication. Table 4 shows the prevalence for ME and CFS separately. Table 5 shows the prevalence for ME+CFS with and without duplication. Without duplication, prevalence of ME/CFS was 519/100,000 in the main dataset (non-continuous enrollment), 669/100,000 in Subset 1 (continuous enrollment for the entire period), and 1,038/100,000 in Subset 2 (continuous enrollment for any 2–4 year period). For Subset 2 only, up to four secondary diagnosis fields were included from the claims in addition to the primary diagnosis.



Table 4. Summary of prevalence of ME and CFS in three studied cohorts.
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Table 5. Summary of prevalence of ME + CFS in the three studied cohorts, and with duplicates eliminated.
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Extrapolating from this frequency of diagnosis and based on the estimated 2017 population of the United States of 325,719,178 (9), a rough estimate for the number of patients who are diagnosed with ME or CFS in the U.S. is 1.7 million to 3.4 million.



Demographics of Diagnosed Population

Detailed analysis of gender distribution by age for ME or CFS diagnosed individuals (no duplicates) within the three studied population sets are shown in Figures 2–4 and Tables 6, 7. Totals for the gender distribution are slightly smaller because gender information was not available for every individual. Results are normalized for each decile.
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FIGURE 2. ME or CFS gender demographics by age and prevalence (main dataset, non-continuous enrollment).
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FIGURE 3. ME or CFS gender demographics by age and prevalence (Subset 1, continuous enrollment from 2011 to 2016).
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FIGURE 4. ME gender demographics by age and prevalence (Subset 2, continuous enrollment from 2 to 4 years).





Table 6. ME or CFS gender demographics by age and prevalence vs. reference population in the main dataset (Main dataset: non-continuous enrollment).
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Table 7. ME or CFS gender demographics by age and prevalence vs. reference population (Subset 1: continuous enrollment 2011–2016).
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Demographics of Diagnosed Population for the Main Dataset (Non-continuous Enrollment)

Figure 2 and Table 6 show the gender distribution by age for individuals diagnosed with ME or CFS for the population of individuals who were enrolled at any time during the period 2011–2016, and the gender distribution by age and prevalence for these same individuals.

Of the 49,570,369 individuals enrolled during the period 2011–2016 for whom we have gender information, 258,702 (or 519/100,000) had a code for diagnosis of either CFS or ME. The relative risk for females being diagnosed with ME or CFS compared to males was 1.238 (95% CI: 1.235–1.242).

In the youngest age group, 0–9, boys outnumber girls; relative risk for females being diagnosed with ME or CFS compared to males in this age group was 0.922 (95% CI: 0.874–0.970).



Demographics of Diagnosed Population, Subset 1, Continuous Enrollment From 2011 to 2016

Figure 3 and Table 7 show the gender distribution by age for individuals diagnosed with ME or CFS for the population of individuals who were continuously enrolled in their insurance for the entire period 2011–2016 (Subset 1) and the gender distribution by age and prevalence for these same individuals. In this group there were no diagnosed individuals younger than 10.

Of the 2,552,551 individuals continuously enrolled for the entire period 2011–2016 for whom we have gender information, 17,067 (669/100,000) have a code for diagnosis of either CFS or ME; relative risk for females being diagnosed with ME or CFS compared to males was 1.210 (95% CI: 1.196–1.223).



Demographics of Diagnosed Population, Subset 2, Continuous Enrollment 2 to 4 Years

Figure 4 and Table 8 show the gender distribution by age for individuals enrolled for a period of from 2 to 4 years and having a diagnosis code of ME in any diagnosis field in the claim, and the gender distribution by age and prevalence for these same individuals. The overall prevalence of a diagnosis of ME only (no CFS diagnosis) in the cohort continuously enrolled for 2 to 4 years is 121/100,000. The relative risk for females being diagnosed with ME compared to males was 1.178 (95% CI: 1.162–1.194). In the youngest age group, 0–9, boys outnumber girls once again.



Table 8. ME gender demographics by age and prevalence vs. reference population (Subset 2, continuous enrollment 2 to 4 years).
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Validation of Clinical Diagnostic Criteria

In developing the list of appropriate symptom codes (Appendix 4 in Supplementary Material) it became apparent that existing codes do not fully identify symptoms that specifically describe ME/CFS. Most importantly, there is no symptom code specifically for post-exertional malaise, a core symptom, and codes for various types of fatigue do not match well with the description of another of the core symptoms, i.e., a substantial level of impairment in the ability to engage in pre-illness activities accompanied by fatigue.

Use of symptom codes relating to fatigue, sleep abnormalities, cognitive impairment and orthostatic intolerance, and without requiring codes possibly representing post-exertional malaise from consideration, resulted in a very small number of individuals who were diagnosed with ME or CFS. The vast majority of individuals who had a diagnosis code of ME or CFS did not appear in this symptomatic cohort (Figure 5).
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FIGURE 5. Overlap of individuals with some symptoms of ME/CFS vs. those diagnosed.





Machine Learning

We were unable to create a model for ME and CFS together that could be trained and tuned to a sensitivity accuracy of much better than 50%. This indicated that there was insufficient correlation between the input data (features) and outcome (diagnosis of ME or CFS) for the algorithm to make a useful prediction.

After failing to have the model resolve when including common symptom data along (CFS diagnosis), we refocused on diagnosis of ME (diagnosis presumed to include assessment of impaired function and the presence of PEM as core symptoms). The ME model was able to be trained and tuned successfully to achieve sensitivity of 0.738 (95% CI: 0.721–0.754) and specificity of 0.823 (95% CI: 0.823–0.823) with the threshold set at 0.6. The threshold signifies that the model will identify an individual as having ME if they have a risk score greater than or equal to 60%.

Based on the machine learning predictive model, the projected prevalence of ME in our continuously insured population was 857/100,000, calculated from the number of individuals predicted by the model to have an ME diagnosis when the model was evaluated using 99% probability (3,989) and dividing by the total number of individuals in the dataset (465,193). This methodology was used to capture individuals who are undiagnosed, but are most likely to be living with an ME-like illness. The gender distribution, normalized to size of population by gender, was 1.38:1 (58% female and 42% male).

The top predictive features (those with the highest weights) in the model, which included both ICD and CPT codes submitted to insurance, are listed in Table 9.



Table 9. Top predictive features for ME machine learning model.
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Costs

Table 10 shows the average annual medical costs paid by insurance and the patient by year for individuals diagnosed with ME, as well as those diagnosed with lupus or multiple sclerosis, vs. those in the reference population. Costs used were the standard allowed payment (contracted rate) for all provider services which may have ultimately been paid by either the insurer or related patient responsibility associated with the claim such as patient co-payment or deductible, if any.



Table 10. Average yearly medical costs for diagnosed vs. reference population.
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The average annual medical cost per individual diagnosed with ME in our dataset was $30,860, while the average annual medical cost per individual in the general population in the database was $7,760. For comparison, the average annual cost in our dataset for lupus patients was $20,160 and for multiple sclerosis patients, $21,660.

The costs varied by year, but on average, ME patients had medical costs that were three to four times greater than those in the general population, and ~50% higher than either lupus or multiple sclerosis patients.




DISCUSSION

Prevalence of ME/CFS has been difficult to estimate due to a number of factors including lack of specific diagnostic tests, multiple case definitions, different methodologies, and confusion about coding. This study offers a new approach to this problem, using a large dataset of insurance claims to examine various characteristics of the group of patients for whom health care providers have given a diagnosis code for CFS or ME. We used a variety of data analysis techniques similar to those used in commercial research, which provide a range of estimates, and compare our results to other methods which have been used to estimate prevalence.


Coding and Diagnosis Considerations

The diagnostic codes for CFS (in ICD-10-CM) and for ME (in both ICD-10-CM and ICD-9-CM) are not exclusive to these diseases and can include other conditions, which introduces an unknown degree of uncertainty into any prevalence estimates based on these diagnostic codes (see Appendix 1 in Supplementary Material, Interrelationships of ICD codes used for Chronic Fatigue Syndrome (CFS) and Myalgic Encephalomyelitis (ME) in the U.S. as of October, 2018).

A proposal to change the coding for ME, CFS, and related conditions was made at the September 12, 2018 meeting of the National Center for Health Statistics which addresses this ambiguity (10). If this proposal is approved, ME, CFS, Systemic Exercise Intolerance Disease (SEID, the new term recommended by the Institute of Medicine report in 2015), and postviral fatigue syndrome will have separate and distinct codes beginning in October 2019.

For better tracking of this disease, two options could be considered. In the short term, and if the new proposal is not approved, providers who diagnose ME/CFS could use the ICD-10-CM code of G93.3 for ME/CFS and not use R53.82 (Chronic Fatigue, unspecified). Ultimately, if the proposed changes are approved, researchers could use the specific codes for the conditions they are tracking.

Diagnosis may vary depending on the case definition or diagnostic criteria used by the provider. Furthermore, there is considerable ongoing investigation on the effect of using different case definitions on the diagnosis of ME and or CFS (11), and this affects whether it is legitimate to use an umbrella term to describe the two conditions (12). While we refer to ME/CFS in this study, our analysis is based on diagnosis of ME and CFS separately, as identified by the specific diagnostic codes for each, although there is no way to know how each medical provider makes a diagnosis and assigned a code.



Prevalence of ME/CFS Based on Frequency of Diagnosis in an Insurance Claims Database

This is the first study to determine the frequency of ME/CFS diagnosis using insurance claims data for a large number of individuals. Prevalence estimates for chronic fatigue syndrome in the U.S. have been as low as 235/100,000 (373/100,000 in women and 83/100,000 in men) (13) and as high as 2540/100,000 (14). Our prevalence estimates ranged from 519/100,000 to 1,038/100,000 (0.52% to 1.03%), which fall between those expected from large-scale health surveys and smaller scale community-based studies.

Our highest prevalence estimate for ME/CFS, 1,038/100,000 or 1.04%, was found in the group most representative of the insured population—those continuously enrolled for 2 to 4 years—and with the broadest reach: it includes all individuals with ME or CFS as either a primary or a secondary diagnosis, and all claims for these individuals. This estimate can be compared with health surveys conducted in Canada and in some states in the U.S. Recent CDC prevalence estimates of ME/CFS from the Behavioral Risk Factor Surveillance System (BRFSS) (lifetime 1.6%; current 1.2%) (15) were similar to Canadian Community Health Survey 2003 (1.3%) 2010 (1.4%), and 2014 (1.4%) data (16–18). These survey studies do not verify that the specific diagnosis code has been entered in the patient's medical record. They only indicate that the patient is reporting having been given this diagnosis by the health care provider.

Our lowest prevalence estimate for ME/CFS, 519/100,000 or 0.52%, was calculated using all claims from individuals who have ME or CFS as the primary diagnosis and with no restriction on the length of enrollment. This group could therefore have an unknown number of individuals with only one miscellaneous claim, thereby diluting the sample. Nevertheless, the prevalence of ME/CFS in this group is higher than predicted by community-based studies which verified the diagnosis with a medical examination and verifying symptoms using an accepted ME or CFS case definition (e.g., Jason et al., (19), 0.42%; 7, 0.24%; 10, 0.2%).

Our intermediate prevalence estimate has no direct comparisons with previously published results. The prevalence of ME/CFS in the group continuously enrolled for the full 7 years and with ME or CFS as the primary diagnosis, the most restrictive group, is 669/100,000 or 0.67%. Note that this is somewhat higher than the 519/100,000 calculated from the non-continuously enrolled population. The group of individuals continuously enrolled in the same health insurance for a long period of time may include a higher proportion of sicker people than the other groups, but we did not assess this.

Using the diagnosis of ME only, prevalence in the group continuously enrolled for 2 to 4 years is 121/100,000, or 0.12%. This lower prevalence of ME compared with ME/CFS would be expected, as the case definitions for ME are much less well-known by medical providers than CFS. Nevertheless, our sample included more than 14,000 individuals with this diagnosis, which is quite large compared with most studies which examine the characteristics of this group.

Using claims data alone, it is not possible to determine what criteria health care providers are using to make a diagnosis of either ME or CFS. Likewise, a provider might tell a patient they have ME/CFS without the specific diagnostic code being entered into the patient's record.

The prevalence of ME/CFS could be overestimated if providers or medical coders are using the CFS diagnosis code to identify a “CFS-like” illness or condition, without reference to any case definition, or simply “chronic fatigue.”

The prevalence of ME/CFS could be underestimated if providers or medical coders (a) use a different diagnosis that is less specific (e.g., 780.79, Other Malaise and Fatigue, R53.81 Other Malaise or R53.83 Other Fatigue); (b) do not put ME or CFS diagnosis into the record due to not wanting to expose their patients to a perceived stigma of the disease (1), due to not wanting to provide a discouraging diagnosis when there is no cure, or due to knowing that some appropriate treatments might not be covered under that diagnosis; and (c) if providers are unaware of the diagnosis of ME/CFS, since diagnosis and management of ME/CFS is not taught in most medical schools (20, 21).

It has been reported (8) that 84–91% of patients with ME/CFS are undiagnosed. However, this study is now 14 years old, and so may not reflect the increased awareness of ME/CFS in recent years, which could result in a higher rate of diagnosis. The earlier case definitions used in previous studies require the diagnosis to be one of exclusion, resulting in less likelihood of diagnosis than with more recent clinical diagnostic criteria published by the Institute of Medicine (1).



Age, Gender, and Prevalence in the Diagnosed Population

This study also shows a lower ratio of females to males diagnosed with ME/CFS than is generally reported. While many studies show a much higher percentage of females (as high as 80% female −7; 9) at least one health survey (17) shows a lower percentage of 65% female. For ME/CFS, our studies show an average of between 60 and 65% female across age groups, except in the youngest group, 0–9 years, where boys outnumber girls. For ME only, the percentage of females is lower, 60%, and again for the youngest group, boys outnumber girls.

While our numbers are based on diagnostic codes in the medical record and reflect actual clinical practice, there is no information about what criteria the providers used to assign these codes, or if they evaluate men differently than women. Nevertheless, the higher than expected number of males with this diagnosis is interesting, and the possible reasons for this need more study.

Prevalence in Children and Adolescents

There is little published data on prevalence of ME/CFS in children and adolescents. One community-based study reports a prevalence for adolescents (aged 13 to 17) of 181 per 100,000 or 0.181% (22). Our main dataset shows a prevalence of 37.2/100,000 in children 0–9 years, and 204.5/100,000 in ages 10–19 (Table 6).



Validation of Clinical Diagnostic Criteria

One goal of the study was to determine whether the presence of specific symptom codes within administrative medical claims data could identify individuals for whom a diagnosis of ME/CFS should be considered. Lack of specific codes for two of five core symptoms required for a diagnosis of ME/CFS using the IOM criteria made it impossible to identify individuals for whom this diagnosis should be considered from administrative claims data, or to validate that individuals diagnosed with ME/CFS had documented evidence of the required core symptoms in their claims data.



Prevalence Based on Machine Learning

Based on the 2017 population of the U.S. noted earlier, the predicted prevalence rate based on our model of 857/100,000 translates to up to 2.8 million people with ME/CFS in the U.S. This number is somewhat larger than other published estimates of 836,000 to 2.5 million Americans (19) and is significant because it is predicted based on characteristics drawn from those diagnosed with ME only, not including those with a diagnosis of CFS only.

The machine learning technique is a useful way to compensate for the lack of specific symptom codes which might otherwise be used to predict or identify undiagnosed patients. It uses a weighted analysis of a large number of “features” (over 500) derived from a known group (in this case, individuals already diagnosed with ME) to identify individuals with a similar combination of factors. The model can be “tuned” to a desired balance of specificity and sensitivity. Our model performed reasonably well at a threshold of 0.6 (sensitivity 0.82336 and specificity 0.73787). If specific symptom codes for ME were available the model could be improved. To predict the prevalence of ME from our dataset we used a probability threshold of 0.99. Using the 99% probability cut-off is a conservative approach, but provides a reasonable estimate.

The inability to train the machine learning model when CFS diagnoses were included indicates that the population of individuals diagnosed with CFS is too heterogeneous for this method. In contrast, individuals diagnosed with ME were a more homogenous population for which this approach was more effective.

The CFS diagnosis code, in the signs and symptoms section of the ICD, is perhaps being used incorrectly to indicate the symptom of chronic fatigue, which is characteristic of many different underlying conditions, or a “CFS-like” illness which may lack some of the defining features of Chronic Fatigue Syndrome. However, patients coded with ME, which has clinical information identical to Chronic Fatigue Syndrome in ICD-10-CM and is placed in a disease chapter, were significantly, and usefully, more homogeneous. This supports our supposition that clinicians using the ME code are more familiar with the disease than clinicians using the CFS code, and thus may be specifically diagnosing ME/CFS, not using the diagnosis code to cover unspecified chronic fatigue or a “CFS-like” illness.

These results show that the predicted prevalence rate of 857/100,000 based on the machine learning model is not unreasonable for ME/CFS, including the symptom of post-exertional malaise. This estimate suggests that ME/CFS is not a rare disease, but in fact a relatively common one, and offers a new benchmark for future studies.



Costs

Direct medical costs are important to insurers, who need to deliver good medical care in a cost-effective way, and to patients, who must pay both insurance premiums and out-of-pocket for co-payments, deductibles and treatments that are uninsured.

Direct medical costs for caring for ME/CFS patients are significantly higher than for the general population. Specific components contributing to increased costs (hospitalization, specialist visits, diagnostic tests, presence of other chronic conditions, etc.) were not examined.

Many patients cite a long and costly journey to receiving an accurate diagnosis of ME/CFS (23). Further, once diagnosed, most patients struggle to find primary care providers who are knowledgeable about the condition and well versed in the best practices for managing the symptoms. These twin challenges in diagnosis and treatment are certainly contributors to added cost in the healthcare system.

Direct medical costs are only one component of the total disease costs; others include disability claims, health insurance premiums, and expenses not submitted to insurance such as alternative treatments, nutritional supplements, costs to the economy due to productivity loss, costs to the family for caretaking, and possibly early death. Previous studies have estimated the total annual cost to the economy from ME/CFS to be $17–24 billion (2008 dollars) (6).

Patients with ME/CFS have a high level of disability. Despite high direct medical costs, these patients often have significant unmet health care needs (17) or forgo routine medical care (15). Health surveys have indicated that ME/CFS patients also tend to have more than one chronic condition (15). All these factors could combine and result in poorer quality of life for the patient and even higher medical costs in the future, as well as increasing the burden of illness.

The data from this study illustrate the high costs of the illness, and point to the potential for cost control if patients are diagnosed and provided with the most effective care. Good medical management also holds the promise of improving the experience of patients living with ME/CFS.



Putting the Results in Context

Prevalence

The estimated prevalence of ME/CFS in our study ranges from 519 to 1,038/100,000, and falls between the rates estimated from community health studies and self-reported health surveys. Our study uses larger samples than previous studies, and two different methodologies. Our studies show a range of gender distribution, with the lowest ratio of female to male occurring in the youngest age group, 0–9 years, where boys outnumber girls, and in groups diagnosed with ME only.

Table 11 illustrates the spectrum of prevalence studies which use a variety of techniques. Comparing these studies shows the range of prevalence and gender distribution. Bolded entries are from this study.



Table 11. Comparison of prevalence rates.
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Generally accepted gender ratios for ME/CFS in the community are as high as 3:1 or 4:1 female to male F (75–80% female). Our data indicate that the actual rate of diagnosis is much less skewed based on gender, though still more commonly diagnosed in women, with a range of 60–65% female.

Disease Burden

The World Health Organization has pioneered the use of the Disability Adjusted Life Year (DALY) as a single measure of disease burden in a population (25) and importantly, it includes a measure of the degree of disability from the disease. Using the DALY measure, ME/CFS has been estimated to have a higher total disease burden than multiple sclerosis, autism, or HIV/AIDS (26).

Lupus and multiple sclerosis (MS) are two diseases which are better known than ME/CFS and often compared to it. Although they have different etiologies they have some similar characteristics and symptoms. Both significantly affect quality of life, may take some time to diagnose, affect more women than men, present with some of the same symptoms, and like ME/CFS are often diagnosed late and/or inaccurately initially.

Table 12 compares the estimated prevalence and number of patients in the United States, the burden of illness, and average annual medical cost, and NIH research spending for ME/CFS, lupus, and multiple sclerosis (29, 30). As shown in Table 12, ME/CFS affects more than double the number of persons in the U.S. than lupus and four times as many as MS. The prevalence of lupus is less than half that of ME/CFS, and the prevalence of multiple sclerosis, in a comparable study of commercially-insured patients, is less than one-third of the prevalence of ME/CFS as found in our study.



Table 12. Comparison of several factors relating to ME/CFS, lupus and multiple sclerosis.
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The burden of illness for ME/CFS is more than double that of MS (26), and medical costs for ME/CFS in this study are double those for either Lupus or MS and four times higher than for the general insured (reference) population.

An additional point of comparison is the amount spent on research for these diseases by the National Institutes of Health. Looking at these comparisons for prevalence, burden of illness and annual medical cost, and the amount of NIH funding for these three similar diseases, ME/CFS, lupus, and multiple sclerosis, it is evident that research on ME/CFS is grossly underfunded ($15 vs. $109–111 MM), a point also made by Dimmock et al. (26).



Limitations of This Type of Study

This study, based on claims data including Medicare and commercial insurance, does not assess the prevalence in Medicaid recipients or the uninsured, two groups in which the prevalence of ME/CFS might be higher, as indicated by community-based studies (19). Furthermore, the financial impact of disability from ME/CFS may lead to Medicaid eligibility, thus removing some ME/CFS patients from the commercially insured population.

Since we were not able to validate ME/CFS diagnosis using codes for some (but not all) of the core symptoms, our machine learning model results must be considered preliminary.

ICD codes used for ME/CFS as of 2018 are inexact and may be applied to individuals with other conditions (see Appendix 1 in Supplementary Material). This introduces an unknown degree of uncertainty to the estimates of prevalence of ME/CFS in this study. In doing this study, we necessarily made a number of assumptions which are stated in the Methods section and are also discussed above. The results might have been different if different assumptions were used. Since this data is from U.S. insurance claims and reflects the practices of U.S. health care providers, these results may not be valid for other countries.



Implications for the Future and Next Steps

The authors recommend use of the ME diagnosis code (G93.3) rather than CFS (R53.82), which defaults to “Chronic fatigue, unspecified,” for better tracking where symptoms warrant.

The authors also recommend the creation of new symptom codes for post-exertional malaise and substantial impairment in activity levels accompanied by profound fatigue, two of the core symptoms of ME/CFS.



In Summary

This study is the first to use a large medical claims database to study the characteristics of a large group of individuals who have been diagnosed with ME or CFS and to explore the potential of mining this type of data. This study used a base data set of 50 million individuals tracked over 6 years. The next largest study referenced had a sample size of 90,316, all located in a single municipality.

While the percentage of women diagnosed with ME/CFS is higher than the percentage of men, ME/CFS is not a “women's disease.” Thirty-five to forty percent of diagnosed patients are men.

It is not possible at this time to use symptom codes in medical claims data to identify individuals for whom a diagnosis of ME/CFS might be considered. Introducing new symptom codes for two of the required symptoms identified in the study published by the Institute of Medicine (1) should be considered.

Patients diagnosed with CFS may represent a more heterogeneous group than those diagnosed with ME; this study makes no conclusions about accuracy of diagnosis or quality of care given to ME/CFS patients by providers.

Annual direct medical costs for ME/CFS patients are three to four times higher than average of the reference population and fifty percent higher than for multiple sclerosis or lupus, diseases with similar characteristics.

This study is a “snapshot” and could be repeated in future years for comparison. It would also be interesting to look in more detail at the diagnosis of conditions which are co-morbid with ME/CFS, such as migraine headaches or orthostatic intolerance.

These results show that a prevalence rate 857/100,000 for ME/CFS is not unreasonable; therefore, it is not a rare disease, but in fact a relatively common one.

Based on our results and analysis, ME/CFS should get more attention in research and provider communities, and warrants more education to providers (primary care, specialties, and allied health sciences) to improve the quality of health care and quality of life for affected individuals.
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FOOTNOTES

1ICD codes for ME and CFS

Available online at: https://www.icd10data.com/ICD10CM/Codes/G00-G99/G89-G99/G93-/G93.3

Available online at: https://www.icd10data.com/ICD10CM/Codes/R00-R99/R50-R69/R53-/R53.82

Available online at: http://www.icd9data.com/2014/Volume1/320-389/320-327/323/323.9.htm

Available online at: http://www.icd9data.com/2014/Volume1/780-799/780-789/780/780.71.htm

2ICD codes related to fatigue

Available online at: http://www.icd9data.com/2014/Volume1/780-799/780-789/780/780.79.htm

Available online at: https://www.icd10data.com/ICD10CM/Codes/R00-R99/R50-R69/R53-/R53.81

Available online at: https://www.icd10data.com/ICD10CM/Codes/R00-R99/R50-R69/R53-/R53.83
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The illness ME/CFS has been repeatedly tied to infectious agents such as Epstein Barr Virus. Expanding research on the human microbiome now allows ME/CFS-associated pathogens to be studied as interacting members of human microbiome communities. Humans harbor these vast ecosystems of bacteria, viruses and fungi in nearly all tissue and blood. Most well-studied inflammatory conditions are tied to dysbiosis or imbalance of the human microbiome. While gut microbiome dysbiosis has been identified in ME/CFS, microbes and viruses outside the gut can also contribute to the illness. Pathobionts, and their associated proteins/metabolites, often control human metabolism and gene expression in a manner that pushes the body toward a state of illness. Intracellular pathogens, including many associated with ME/CFS, drive microbiome dysbiosis by directly interfering with human transcription, translation, and DNA repair processes. Molecular mimicry between host and pathogen proteins/metabolites further complicates this interference. Other human pathogens disable mitochondria or dysregulate host nervous system signaling. Antibodies and/or clonal T cells identified in patients with ME/CFS are likely activated in response to these persistent microbiome pathogens. Different human pathogens have evolved similar survival mechanisms to disable the host immune response and host metabolic pathways. The metabolic dysfunction driven by these organisms can result in similar clusters of inflammatory symptoms. ME/CFS may be driven by this pathogen-induced dysfunction, with the nature of dysbiosis and symptom presentation varying based on a patient's unique infectious and environmental history. Under such conditions, patients would benefit from treatments that support the human immune system in an effort to reverse the infectious disease process.
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INTRODUCTION: ME/CFS ENTERS THE ERA OF THE HUMAN MICROBIOME

Toward the end of a career spent studying persistent bacteria in chronic disease, microbiologist Gerald Domingue wrote, “It is unwise to dismiss the pathogenic capacities of any microbe in a patient with a mysterious disease” (1). This thinking greatly applies to the illness ME/CFS. ME/CFS is characterized by neuroinflammation, severe fatigue, excessive post-exertional exhaustion, disturbed sleep, flu-like episodes, cognitive problems, sensory hypersensitivity, muscle and joint pain, headache, bowel symptoms, and severe impairment of daily functioning (2). Severely ill individuals are often wheelchair dependent, bedridden, and unable to perform basic tasks of work or daily living.

The history of ME/CFS strongly suggests that infectious agents play a central role in driving the disease process. These include early associations with Epstein Barr Virus (EBV)/Human Herpes Virus 6 (HHV6), the relapsing-remitting nature of ME/CFS symptoms and antibodies/“autoantibodies” detected in patients with the disease (3, 4). A number of ME/CFS outbreaks have also been reported, in which numerous people in the same geographical location developed the illness simultaneously (2). Indeed, many ME/CFS patients present with symptoms after suffering from a severe bacterial or viral infection. These infections often correlate with travel to a foreign country or exposure to pollutants or molds, suggesting that such pathogens take advantage of factors that compromise the host immune system.

Chronic inflammation is a hallmark of persistent infection. Reports of cytokine activation in ME/CFS clarify that the disease is associated with an inflammatory response (5). Montoya et al. (6) found ME/CFS cytokine activation increased with disease severity, suggesting patients may struggle with a growing infectious burden over time. Other ME/CFS research teams have identified various forms of mitochondrial dysfunction in patients with the illness (7). There are now dozens of well-characterized mechanisms by which bacteria and viruses dysregulate mitochondrial metabolism (8, 9).

Many research teams have searched for well-characterized single pathogens in patients with ME/CFS. These analyses often reveal elevated titers of IGG and IGM antibodies toward pathogens such as Epstein Barr Virus, Cytomegalovirus, Parvovirus 19 and M. pneumonia (2, 3, 10). Several teams have also attempted to identify a single novel pathogen that might drive the entire ME/CFS disease process. However, the discovery of the human microbiome now allows single microbes and viruses to be studied as members of complex communities. Humans harbor these vast ecosystems of bacteria, viruses and fungi in nearly all tissue and blood (11–14). Organisms in the microbiome continually interact with each other, and with the human genome, to regulate host metabolism and gene expression in both health and disease (15, 16).

A growing number of inflammatory disease states, including neurological conditions and cancers, are tied to dysbiosis or imbalance of these human microbiome communities (17–20). Gut microbiome dysbiosis has been identified in ME/CFS (21). This dysbiosis is characterized by changes in microbe species composition and/or diversity. Pathogens, or groups of pathogens, can promote dysbiosis by altering their gene expression in ways that promote virulence, immunosuppression and dysregulation of host genetic and metabolic pathways (22).

When seemingly disparate biomedical findings on ME/CFS are interpreted through the lens of these microbiome-based paradigms and platforms, a cohesive picture of the ME/CFS disease process emerges. ME/CFS may be driven by pathogen-induced dysfunction, with resulting microbiome dysbiosis varying based on a patient's unique infectious and environmental history. Under such conditions, patients would benefit from treatments that, like those now being developed for cancer, support the human immune system in an effort to reverse the inflammatory disease process.



THE HUMAN MICROBIOME PERSISTS THROUGHOUT THE BODY

In the USA, ME/CFS cases were first formally reported to the CDC in the 1980s (2). At the time, human microbes were typically only detected with culture-based laboratory methods. Then, around the year 2000, novel genome-based technologies began to revolutionize the field of microbiology (23, 24). These technologies identify microbes based on their DNA or RNA signatures rather than their ability to grow in the laboratory. The results of these genome-based analyses were remarkable: vast communities of microbes were identified in the human body that had been missed by the older culture-based techniques. These extensive ecosystems of bacteria, viruses, fungi, and archaea are collectively known as the human microbiome (25–27).

Today, so many novel microbes have been identified in Homo sapiens that our human cells are equivalent to or even outnumbered by those of our microbial inhabitants (28). The tens of millions of unique genes harbored by this microbiome dwarf the ~20,500 genes in the human genome (12, 29). For example, just one 2017 analysis of the human gut, skin, mouth, and vaginal microbiomes uncovered millions of previously unknown microbial genes (11). This has forced science to redefine the human condition. Humans are best described as holobionts, in which the microbial genomes and the human genome continually interact to regulate metabolism and immunity (15, 16).

Early human microbiome studies characterized microbial ecosystems in the gut and on mucosal surfaces. However, the microbiome has now been shown to extend to nearly every human body site. These include the lungs, the bladder, the placenta, the testes, and the uterus [(19, 30–33)]. Jakobsen et al. (35) found that previously sterile implants removed from joints, bones, pacemakers, and skulls of symptom-free patients were colonized by a range of bacterial and fungal organisms. Another study demonstrated the presence of novel tissue specific bacterial DNA profiles in a variety of mouse organs including the brain, heart, liver, muscle and adipose tissue (36).

Microbial communities also appear to persist in healthy human blood (37–39). A DNA virome was recently identified in healthy human blood (40). Another study reported both bacterial and fungal communities in the blood of healthy subjects. Analysis of these organisms was performed by microbial resuscitation of blood culturing and microscopy in addition to next generation DNA sequencing (41). Whittle et al. (42) recently characterized a human blood microbiome using a range of complementary molecular and classical molecular biology techniques. Another study identified a larger amount of bacterial rDNA in blood specimens from healthy individuals than in matched reagent controls (24).

 Kowarsky et al. (14) detected over 3,000 previously unidentified viruses, bacteria, and fungi in human blood samples obtained from immunocompromised patients. The study almost doubled the total number of anelloviruses found in humans. In order to classify many of these organisms the team was forced to add new branches to the “tree of life.” They concluded that the newly discovered microbes “may prove to be the cause of acute or chronic diseases that, to date, have unknown etiology.”

The microbiome is inherited and evolves with the host. Babies are seeded in the womb, during birth, and after birth by extensive microbiome communities in the placenta, the vaginal canal, and breast milk, among other body sites (43, 44). Microbes/pathogens acquired from the external environment are further incorporated into the microbiome over time. For example, once acquired, Cytomegalovirus persists as a member of the microbiome—with a significant impact on host immunity. Brodin et al. (45) found that the lifelong need for the body to control CMV causes approximately 10% of all T cells in CMV+ individuals to be directed against the virus.

Immune cells and associated microbes can travel between the human body and brain via several newly discovered pathways that bypass the classical blood-brain barrier (46). Benias et al. (47) documented a previously uncharacterized fluid-filled lattice of collagen bundles that appears to connect all human tissues. This human interstitium drains directly into the lymph nodes. Two research teams have demonstrated the existence of a previously undiscovered meningeal lymphatic system (46, 48, 49). The network's fluid pathways connect the cerebrospinal fluid and cervical lymph nodes directly to the brain.



OUR UNDERSTANDING OF THE HUMAN MICROBIOME AND VIROME CONTINUES TO EVOLVE

While great progress has been made in characterizing the human microbiome, our understanding of the body's microbial ecosystems is still in its infancy. Metagenomic analyses of the microbiome in all body sites regularly identify species or strains of bacteria, archaea, fungi, and/or viruses not previously understood to persist in Homo sapiens (13). For example, just one study of the bladder microbiome identified 129 previously unidentified viruses in subjects' urine samples (50).

New strains of known microbes are also regularly identified. For example, as of August 2018, the NCBI database contains ~1,833 Lactobacillus genomes, with newly characterized Lactobacillus genomes added on a weekly basis (51). Successful identification of these known or novel human organisms hinges on the careful choice of technology and methodology used for detection purposes (26). While the majority of human microbiome studies center on bacteria, awareness of viruses, fungi, and archaea has increased in recent years (52). For example, Manuela et al. (53) found an almost 1:1 ratio of archaeal to bacterial 16S rRNA genes in human appendix and nose samples. Identification of this archaeome abundance and diversity required use of a very specific archaea-targeting methodology.

Viruses are the most abundant life forms on the planet and in the human body, but have been relatively hard to detect until very recently (54). Viruses that primarily infect bacteria, called bacteriophages, are particularly abundant in human microbiome communities. Nguyen et al. (55) estimate that ~31 billion bacteriophages traffic human tissue and blood on a daily basis. However, the human virome also harbors a plethora of human-associated viruses. Newberry et al. (56) are correct to assert that this human virome is understudied in ME/CFS.

 Paez-Espino et al. (57) at the Joint Genome Institute have undertaken a large project called “Uncovering the Earth's Virome.” The Project's goal is to better identify known and novel viruses in Earth's ecosystems including the human body. Viral identification requires the use of specific metagenomic tools, pipelines, and annotation platforms, with findings entered in the JGI IMG/VR Database (57). The Project is progressing at such a rapid pace that viral diversity in IMG/VR has more than tripled since August 2016 (58), (Figure 1). Nevertheless, the vast majority of the gene content (over 15 million genes in total) remains unknown or hypothetical.
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FIGURE 1. The IMG/VR database catalogs viruses in Earth's ecosystems including the human body. Viral diversity in IMG/VR has more than tripled since August 2016.



We must subsequently consider the possibility that as-yet unidentified microorganisms may contribute to chronic inflammatory conditions like ME/CFS. Failure to do so would be akin to studying ~2% of the animals in the rainforest and arriving at firm conclusions about the entire ecosystem based on that information alone. Certain members of the human microbiome may also be difficult to detect based on their location and/or lifestyle. For example, Chen et al. (59) found that elevated cytokine expression in response to HSV-infected peripheral nerve ganglia persisted even when the virus entered a latent, non-replicating state.

While it is important to pursue identification of novel organisms in ME/CFS blood and tissue, ample data already exists on better-studied components of the microbiome. Microbial and viral survival strategies, virulence mechanisms and collective behaviors are also characterized by a high degree of functional redundancy (60, 61). We must accept the complexity inherent to the human microbiome and further study these common mechanisms of survival and persistence. We must examine microbe and viral activity, microbe and viral gene expression, and the myriad ways in which the proteins and metabolites created by these organisms interact with the host immune system, the host genome, and each other.



THE HUMAN HOLOBIONT: MICROBES AND THEIR METABOLITES MODULATE THE ACTIVITY OF HUMAN PATHWAYS

The genes of our microbial inhabitants greatly outnumber the ~20,500 in the human genome. It follows that the majority of metabolites in Homo sapiens are produced or modified by the microbiome. Wikoff et al. (62) found a large effect of the gut microbiome on murine blood metabolites including antioxidants, toxins and amino acids. For example, production of the metabolite indole-3-propionic acid was completely dependent on the presence of gut microbes and could be established by colonization with the bacterium Clostridium sporogenes.

Many microbes, viruses and their corresponding proteins/metabolites directly modulate the activity of host metabolic, immune, and neurological pathways. In other words, the human holobiont is controlled by the human genome, our microbial/viral genomes and their respective metabolites working in tandem. A growing number of studies provide examples of this metabolic overlap. While many such studies have been conducted in mice, their general trends carry over to humans.

For example, ME/CFS is associated with natural killer (NK) cell abnormalities, including reduced natural killer cell activity (63). These findings must be interpreted to account for the fact that NK activity is modulated by the bacterial microbiome. One study found that bile acids modified by the gut microbiome impacted liver cell gene expression in a manner that controlled NK cell accumulation and anti-tumor activity (64). Similarly, a mixture of lactic acid bacteria from kefir increased the cytotoxicity of human NK KHYG-1 cells to human chronic leukemia cells and colorectal tumor cells (65). The microbiome and its metabolites also impact the activity of related immune cells. Rothhammer et al. (66) found that tryptophan created by the gut microbiome interacted with the AHR receptor on microglia/astrocytes. Subsequent changes in gene expression regulated communication between the two cell types.

Various forms of autonomic dysfunction are also common in ME/CFS (67, 68). It is subsequently important to consider that the microbiome may contribute to host blood pressure regulation. Pluznick et al. (69) found that gut microbiome-derived Short Chain Fatty Acids such as acetate and propionate travel to the kidneys and blood vessels. There they impacted activity of Olfr78 and Gpr41, two host receptors that control circulation and blood flow.



PATHOGENS AND THEIR PROTEINS/METABOLITES CAN DYSREGULATE HUMAN GENETIC AND METABOLIC PATHWAYS

Microbial modulation of host pathways can also drive inflammatory disease processes. Pathogens and their associated proteins/metabolites control human metabolism and gene expression in a manner that can push the holobiont toward a state of imbalance and illness. For example, Rizzo et al. (70) found that Human Herpes Viruses 6A/6B infected NK cells. This infection significantly modified expression of key host miRNAs and transcription factors. Mycobacterium leprae has been shown to alter human gene expression in a manner that allows it to hijack and reprogram adult Schwann cells to a stem-like state (71). In a murine model of diabetes, Liu et al. (72) found that eLtaS, a protein created by S. aureus, prevented insulin from correctly binding its target receptor. This inhibited the phosphorylation of downstream signaling proteins and caused the mice in the study to develop impaired glucose tolerance.

The ability of pathogens to interfere with host metabolism is tied to the dynamics of the communities in which they persist. Like organisms in any ecosystem, human microbes constantly interact, both directly and indirectly. The proteins and metabolites they create are also in continual interplay. Communities of microbes often exhibit synergistic interactions for improved nutrient acquisition, protection from host defenses, and survival in an inflammatory environment (73). These include biofilm formation and cooperative signaling via quorum sensing peptides. Humphries et al. (74) recently reported that biofilm bacteria can additionally communicate via ion channel-mediated electrical signaling.

Even viruses seldom act as single entities. Diversity and equilibrium of the bacterial microbiome is regulated by bacteriophage predator-prey dynamics (75). Pfeiffer and Virgin (27) found that enteric viral virulence is regulated by the activity of neighboring bacteria, fungi, and even helminths. These processes are called “transkingdom interactions.” For example, human norovirus can bind carbohydrate histo-blood group antigens present on certain bacterial cells. This facilitates the ability of norovirus to infect human B cells (76).



MICROBIOME DYSBIOSIS

Interacting microbes may contribute to dysbiosis or imbalance of microbiome communities (77). This dysbiosis is characterized by substantial shifts in community structure and diversity. In many cases, pathogens proliferate to inhabit niches once occupied by more innocuous microbes.

Most well-studied inflammatory disease states are tied to some form of microbiome dysbiosis. These include psoriatic arthritis, systemic lupus erythematosus, type 1 and 2 diabetes, Parkinson's disease and a growing number of cancers (34, 78, 79). The gut microbiome can initiate and promote colorectal cancer at all stages of tumorigenesis by acting as an inducer of DNA damage, generating epigenetic changes, regulating cell growth, and modulating host immune responses (80). The breast tissue microbiome of women with breast cancer has been shown to differ substantially in composition, virulence and diversity from that of healthy controls (81). Species composition of the bronchoalveolar microbiome shifted toward a more pathogenic state in patients with sarcoidosis (82). Alterations in the enteric virome were reported prior to disease onset in children susceptible to developing type 1 diabetes (83).

Several research teams have tied ME/CFS to bacterial gut microbiome dysbiosis. Giloteaux et al. (21) found that gut microbiome bacterial diversity was decreased in ME/CFS subjects compared to heathy controls. The team also noted increases in certain bacterial species associated with either pro-inflammatory or anti-inflammatory activity. Nagy-Szakal et al. (84) also analyzed the ME/CFS gut microbiome. The study detected seven gut bacterial species whose relative abundance differed from that of control subjects and were strongly associated with ME/CFS.

While these findings are of interest, gut microbiome composition is additionally impacted by a host of environmental variables that cause large shifts in the region's microbial ecosystems. These include geographic location, food consumption, and even time of day (85). Many research teams studying inflammatory conditions have struggled to isolate and/or replicate disease-induced gut microbiome dysbiosis in the face of this “noise.” For example, Frémont et al. (86) found that intestinal microbiome species composition differed between patients with ME/CFS and healthy controls. However, significant changes in intestinal microbiome composition were also identified between control subjects from Norway and controls subjects from Belgium. This variation was proposed to arise from differences in diet between the two cultures.

Studies of the ME/CFS blood microbiome may be less subject to this environment-induced variability. Furthermore, identification of microbial and/or viral communities in ME/CFS blood would allow for a broader picture of possible infectious and inflammatory processes. For example, Giloteaux et al. (21) found that ME/CFS subjects had higher levels of bacterial lipopolysaccharides (LPS), LPS-binding proteins and soluble CD14 in blood. The team suggested that these inflammatory markers may indicate translocation of gut bacteria into the blood. However, the markers could also reflect the presence of bacteria in the blood itself.

The blood microbiome can be characterized if the microbial DNA/RNA in samples is first separated from that derived from the human genome. Olde Loohuis et al. (87) used RNA sequencing of reads from whole blood to analyze microbial communities in the blood of almost 200 patients with three neurological conditions: bipolar disorder, schizophrenia, and amyoytrophic lateral sclerosis. The team identified a wide range of bacterial and archaeal phyla in subjects with all three disease states. They observed increased microbial diversity in schizophrenia subjects compared to the two other groups, and replicated the finding in an independent dataset. Stephen Quake's cell-free DNA shotgun sequencing technologies can also characterize bacterial communities in human blood, and can be additionally extended to identify viruses and fungi (14).

Communities of microbes and viruses may also persist in ME/CFS brain tissue. Readhead et al. (88) recently detected a range of persistent viruses in the Alzheimer's brain. These included herpesviruses, torque teno viruses, adenoviruses, and coronaviruses. The Alzheimer's brain has also been shown to harbor bacterial and fungal communities (89, 90). Branton et al. (91) identified hundreds of bacteria and bacteriophage-derived samples in brain tissue removed from patients with epilepsy, and in brain samples obtained from HIV/AIDS patients after autopsy.

In fact, studies of the virome provide significantly extended context on microbiome community dynamics and disease processes. This is because bacteriophages (phages) infect, and subsequently modulate the activity of the bacterial microbiome (75). For example, Duerkop et al. (92) characterized the intestinal virome in a model of T-cell-mediated murine colitis. The intestinal phage population changed in colitis, and transitioned from an ordered state to a stochastic dysbiosis. Phage populations that expanded during colitis were frequently connected to bacterial hosts that benefit from or are linked to intestinal inflammation. Tetz et al. (93) identified changes in the Parkinson's gut bacteriophage community. These included shifts in the phage/bacteria ratio of bacteria known to produce dopamine.

Species-level studies of the microbiome are also greatly enhanced by analyses that provide further context on disease activity. This is an important consideration because, in theory, the microbiome of a patient with ME/CFS could harbor the exact same microbial, viral and/or fungal species as that of a healthy subject. Yet many of these organisms could be acting very differently in patients with the disease. Species-level analyses of the ME/CFS microbiome must subsequently be accompanied by studies that characterize microbial and viral gene expression and/or metabolism.



COMPOSITION OF THE HUMAN PROTEOME AND METABOLOME REFLECT MICROBIOME AND ACTIVITY

Since many of the proteins and metabolites in the human holobiont are microbial in origin, composition of the ME/CFS proteome and metabolome change with microbiome species composition. Proteome and metabolome analyses additionally reflect microbiome activity. This is because microbes and viruses frequently alter their gene expression in ways that cause them to express different proteins and metabolites over time. The human genome and related epigenetic changes also contribute to the metabolic diversity, although the high level of redundancy between human and microbial metabolites can make the origin of these associations hard to pinpoint.

 Schutzer et al. (94) demonstrated that the ME/CFS cerebrospinal proteome differs substantially from that of healthy controls (Figure 2). Indeed, 738 of 2,783 identified proteins (26.5%) were unique to patients with ME/CFS, providing strong evidence that ME/CFS is indeed characterized by microbiome dysbiosis in tissue and blood. Composition of the blood metabolome has also been shown to shift in ME/CFS. One such study reported elevated plasma levels of choline, carnitine, and complex lipid metabolites in ME/CFS patients (84). Another analysis demonstrated a sustained hypo-metabolic response in patients with the disease (95). This dour-like state can be driven by exposure to adverse environmental conditions, as would be expected if the ME/CFS immune system struggles to manage microbiome dysbiosis and associated pathogens.
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FIGURE 2. Venn diagram of the qualitative distribution of proteins identified in cerebrospinal fluid from normal control subjects and ME/CFS subjects. Seven hundred and thirty eight of 2,783 identified proteins (26.5%) were unique to patients with ME/CFS. The numbers of proteins for each category separately is shown outside the circles (2,630 for normal controls, 2,783 for ME/CFS) (94).



Studies of the metabolome are often conducted in an attempt to identify disease-specific biomarkers. However, the metabolome can also be screened for metabolites that directly induce or suppress biological function in patients with a given illness. These studies help dissociate cause from effect and allow for possible modulation of disease phenotype. For example, Johnson et al. (96) investigated the metabolic influence of microbial biofilms on colon cancer tissue and related cancer occurrence. They found that up-regulation of a biofilm-derived polyamide metabolite enhanced both biofilm formation and cancer growth.



MICROBES ACT DIFFERENTLY DEPENDING ON NEIGHBORING SPECIES AND IMMUNE STATUS

Studies of microbiome activity must account for the fact that pathogens detected in patients with ME/CFS are also regularly identified in healthy subjects or in patients with related inflammatory conditions. This is particularly true of studies that have searched for EBV, HHV6, Cytomegalovirus, and other viruses able to be identified by PCR and/or antibody testing in ME/CFS cohorts. This same trend is likely to hold for less-studied or unidentified human microbes and viruses. While these “overlapping” results are often viewed as problematic, they make sense in light of research that clarifies how differently microbes act depending on host immune status, neighboring species, and a wide range of other variables. For example, susceptibility to HIV infection has been shown to vary based on the species composition and activity of the bacterial vaginal microbiome (97).

Indeed, most human microbes are pathobionts: they can change their gene expression to act as pathogens under conditions of imbalance and immunosuppression (98–100). For example, S. pneumoniae can persist as a highly adapted commensal or a virulent pathogen depending on its ability to evade the host immune response (101). S. aureus causes a range of illnesses, from skin infections to life-threatening diseases such as endocarditis and meningitis. However, ~30% of the healthy human population harbors S. aureus as a member of the normal nasal microbiome (102). S. aureus virulence in these communities is determined by a number of factors, including the signaling and competitive strategies employed by neighboring microbes.

The same is true of Escherichia coli (E. coli), which also persists in numerous forms. One study found that “commensal” E. coli could evolve into virulent clones in fewer than 500 generations (103). For most microbes, this evolution toward pathogenicity occurs via the acquisition of new genes or alteration of the current genome in a manner that induces gene loss (104). For example, loss of mucA increases the ability of Pseudomonas aeruginosa to evade phagocytosis and resist pulmonary clearance (105).

It should also be noted that every microbial species represents many different strains, each of which may vary in the set of genes it encodes or in the copy number of such genes. This intra-species variation endows each strain with distinct functional capacities, including differences in virulence, motility, nutrient utilization, and drug resistance (106). Greenblum et al. (106) identified extensive strain-level copy-number variation across species in metagenomic samples obtained from patients with irritable bowel syndrome. This was especially true of genes tied to specific community functions, including functions related to community lifestyle. Differences in gene copy-number also impacted adaptive functions linked to obesity. Yao et al. (107) found that deletion of a single Bacteriodes gene—and the bile salt hydrolase it expresses—altered host metabolism in a manner that impacted weight management, circadian rhythm and immunity.

A microbe or a virus' location can also influence its activity. For example, much of the human population harbors HHV-6. However, in Alzheimer's disease, HHV-6A was recently identified in human brain tissue (88). There, its activity was shown capable of regulating host molecular, clinical, and neuropathological networks in a manner that can contribute to inflammation and neuronal loss. VanElzakker (108) has proposed that HHV-6 may also infect the vagus nerve in ME/CFS, resulting in altered gut-brain axis signaling in patients with the illness.

The human immune system also plays a central role in determining microbe and viral activity. A robust immune response is often capable of controlling pathogen virulence. However, if pathogens overcome the immune response, or the immune system is suppressed by medications, chemicals, or other environmental factors, pathobionts are more likely to alter their gene expression in a manner that promotes disease.



PATHOBIONTS ALTER THEIR COLLECTIVE GENE EXPRESSION TO DRIVE DYSBIOSIS

Pathobionts can subvert the human immune response by collectively altering their gene expression. Yost et al. (100) performed an excellent gene ontology (GO) enrichment analysis of the oral microbiome during periodontal progression. Over the two-month study period, changes in the metagenome of non-progressing sites were minor. However, active sites that progressed to periodontitis were characterized by numerous functional genomic signatures. In fact, the team reported a complete rearrangement at the metagenome level between baseline sites that progressed to periodontitis and those that did not.

GO terms associated with processes including peptidoglycan biosynthesis and potassium transport were highly enriched at baseline sites that later progressed to periodontitis. Genes controlling ciliary motility and CRISPR-associated proteins were also active during initial stages of disease progression. At the breakdown point, active sites expressed genes associated with ferrous iron transport and response to oxidative stress. Progression to periodontitis was also correlated with increased expression of putative virulence factors associated with a range of bacterial species. Mycoplasma, bacteriophage, and eukaryotic viral activity were higher in progressing sites compared to baseline samples.

The team concluded that periodontitis progression is driven by the whole oral microbial community and not just a few select pathogens. In effect, under conditions of increasing inflammation and imbalance, the entire oral community appeared to act together as a pathogen. Indeed, groups of bacteria not generally considered pathogens upregulated a large number of the putative virulence factors in active sites. These included Veillonella parvula, a microbe almost always associated with dental health.



INTRACELLULAR PATHOGENS DRIVE MICROBIOME DYSBIOSIS

Community-wide shifts in microbiome virulence are often driven by dominant pathogens—organisms that become established as central components of the microbiome while suppressing commensal growth and activity (109). In other cases, keystone pathogens promote inflammation even when present as quantitatively minor members of the microbiome. For example, P. gingivalis often comprises just 0.01% of periodontal biofilms, yet drives destructive changes in host-microbe interplay by profoundly impairing the innate immune response (110).

Pathogens able to persist inside the cells of the immune system are uniquely positioned to drive inflammatory disease (111). Indeed, most well-characterized pathogens, including many connected to ME/CFS, are capable of intracellular persistence (112). By surviving in this fashion, they can directly interfere with human transcription, translation, and DNA repair processes (Figure 3). Pathogens in the cell cytoplasm may further dysregulate the epigenetic environment (113). For example, upon infecting a macrophage, Mycobacterium tuberculosis alters the expression of 463 human genes (114). H. pylori infection predisposes to genomic instability and DNA damage, including double strand breaks (115). EBV infection of B cells can also promote persistent damage to human DNA (116).
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FIGURE 3. Intracellular pathogens and the proteins/metabolites they express can directly interfere with human transcription, translation, and DNA repair processes.



The thousands of metabolites and proteins expressed by intracellular pathogens also interact with the host genome, further modifying human gene expression in a manner that promotes disease. Even bacterial quorum sensing peptides can dysregulate human pathway activity. Wynendaele et al. (117) found that quorum sensing molecules created by gram-negative bacteria altered human gene expression in a manner that promoted in vitro angiogeneisis, tumor growth, and neovascularization in colon cancer.

Intracellular pathogens can also travel between cells via recently characterized tunneling nanotubules (TNTs) (118, 119). These cytoplasmic extensions of dendritic cells, glial cells and related human cells allow for the intracellular transfer of microRNAs, messenger RNAs, prions, viruses, and even whole organelles such as mitochondria (120, 121). For example, HIV-induced tunneling nanotubule formation appears to mediate approximately half of HIV virus spread among monocyte-derived macrophages (119).



MOLECULAR MIMICRY

Dysfunction driven by intracellular infection is compounded by the fact that microbial proteins and metabolites are often identical or similar in structure to those created by their human hosts. The molecular mimicry or sequence homology between these proteins and metabolites makes it increasingly difficult for the human holobiont to recognize “foreign” from “self.”

For example, Altindis et al. (122) found that viruses carry sequences with significant homology to human insulin-like growth factors (VILPs). These VILPs can bind human and murine IGF-1 receptors in vitro, resulting in autophosphorylation and downstream signaling. E. coli harbors a large, diverse network of proteins that actively promote endogenous DNA damage in cells (123). However, at least 280 of these DNA-damaging proteins have human homologs that also promote DNA damage and mutagenesis in the human host.

Indeed, redundancy between human and microbial metabolites, proteins, and pathways is so great that the potential for molecular mimicry to contribute to host immune and metabolic dysfunction is semi-infinite. For example, viral vesicles and human extracellular vesicles (EVs) share considerable structural and functional similarity (124). These similarities are so extensive that it is difficult to distinguish EVs from (noninfectious) viruses.



DIFFERENT PATHOGENS EMPLOY COMMON SURVIVAL STRATEGIES

Many pathogens employ common survival mechanisms to persist in host cells, tissue and blood. The metabolic dysfunction driven by these different microbes and viruses can result in similar clusters of human inflammatory symptoms. The ability of various pathogens to dysregulate activity of the Vitamin D Nuclear Receptor (VDR) is an excellent example of how different microbes can drive similar disease processes. The VDR regulates expression of hundreds of human genes, many of which regulate inflammatory and malignant processes (125, 126). The receptor also controls signaling of TLR2 and several families of antimicrobial peptides including cathelicidin (LL-37) (127). Pathogens capable of slowing VDR activity can subsequently facilitate their survival by slowing the innate immune response.

Pathogens frequently linked to ME/CFS or inflammatory disease have evolved to survive in this fashion. VDR activity is downregulated as much as 20 times in Epstein Barr Virus-infected lymphoblastoid cell lines (128) (Figure 4). HIV, M. tuberculosis Cytomegalovirus, Borrelia burgdorferi and Mycobacterium leprae additionally dysregulate VDR activity to various degrees (114, 129–132). The fungus Aspergillus fumigatus secretes a gliotoxin that significantly downregulates VDR expression (133). Because disabling the innate immune system via the VDR pathway is such a logical survival mechanism, other uncharacterized bacteria, viruses or fungi may have also evolved to dysregulate receptor activity.


[image: image]

FIGURE 4. VDR activity is downregulated as much as 20 times in Epstein Barr Virus-infected lymphoblastoid cell lines (128).



It follows that ME/CFS patients with similar symptoms may not always test positive for the same mix of pathogens and/or communities of pathobionts. Similarly, composition of the ME/CFS microbiome, proteome and metabolome should be expected to differ somewhat from study to study. Instead of worrying about these inconsistencies, the ME/CFS research community should strive to better characterize even more common mechanisms of pathogen survival and persistence.



THE IMMUNE RESPONSE CHANGES IN RESPONSE TO PATHOGEN ACTIVITY

The ability of pathogens to disable the host immune response extends far beyond the VDR pathway. Pushalkar et al. (134) identified a distinct and abundant pancreatic microbiome associated with progressive pancreatic cancer. This dysbiotic microbiome drove oncogenesis by suppressing macrophage differentiation and T cell activity. Another study found that Candida albicans's transition from extracellular to intracellular pathogen was accompanied by a coordinated, time-dependent shift in gene expression for both host and fungus (135). These gene expression changes led to a gradual decline in pro-inflammatory cytokine activation by the host immune system.

These findings shed light on a recent ME/CFS study. Hornig et al. (5) reported distinct alterations in plasma immune signatures—including prominent activation of both pro-and anti-inflammatory cytokines—early in the course of ME/CFS. However, these alterations were not observed in subjects with a longer duration of illness. There are a number of explanations for Hornig's observations. ME/CFS-associated pathogens may gradually alter their gene activity to persist in more latent, intracellular forms less recognized by the host immune system. Or, in early-stage ME/CFS, the immune system may actively attempt to target a growing infectious burden. Over time however, pathogens in the microbiome may disable the immune response to a point where “immune exhaustion” occurs (136, 137). Immunopathology and cytokine production would subsequently drop. The resulting disease state could be compared to a garden, in which healthy plants become progressively stifled by others, such as kudzu vine.



“ACUTE” PATHOGENS CAN SURVIVE IN PERSISTENT FORMS THAT DRIVE CHRONIC SYMPTOMS

Many research teams are studying how “acute” pathogens (i.e., well-characterized agents associated with known infectious diseases) can cause chronic symptoms by persisting in latent forms. These include Zika, Borrelia burgdorferi, influenza, and other well-characterized viruses and bacteria (138). Zika was shown capable of persisting in the cerebrospinal fluid (CSF) and lymph nodes of infected rhesus monkeys for months after the virus had been cleared from mucosal secretions, peripheral blood and urine (139). Viral persistence in both the lymph nodes and CSF was correlated with upregulation of genes involved in pro-inflammatory and anti-apoptotic pathways.

Tens of thousands of Ebola survivors have developed chronic symptoms months or years after initial infection (140). These “Post-Ebola Syndrome” symptoms include extreme fatigue, severe pain, eye problems, and a host of neurological issues. While the virus is hard to identify in the blood of such patients, Ebola has been detected in men's semen years after “recovery” (141). Another study found that, up to a month after initial infection, influenza viruses regulated the long-term expression of inflammatory and neuron/glia-specific genes in mice (142). This was associated with chronic neuroinflammation characterized by an increase in the number of activated microglia and impairment of spatial memory formation.

Persistent measles virus is associated with conditions such as Paget's disease, multiple sclerosis and Crohn's disease (143, 144). Measles virus RNA has been detected in blood, respiratory secretions, urine, and lymphoid tissue for weeks to months after clearance of the “acute” infection (145). Doi et al. (146) found that, in vitro, measles virus persistence correlated with viral transition from a lytic to non-lytic mode that allowed the virus to evade the host innate immune response.

Hundreds of studies demonstrate that acute bacterial pathogens can transition into latent forms that lack a classical cell wall (1). These persistent variants are referred to as L-form bacteria. Antibiotic use can induce persistent L-form growth. In fact, researchers create L-forms by deliberately culturing classical bacteria in conjunction with the beta-lactam antibiotics (147). One microarray analysis of L-form growth revealed up-regulation of genes shared in common with persister cells and biofilms (148). L-form bacteria have been implicated in dozens of chronic conditions including rheumatoid arthritis, multiple sclerosis and sarcoidosis (1, 149, 150).

A better understanding of these chronic sequelae would greatly benefit the ME/CFS community, since a similar chronic progression of symptoms is frequently documented in ME/CFS. At different points in history, ME/CFS has been called “Post-Polio Syndrome,” “Chronic Mononucleosis Syndrome” and “Post-Viral Syndrome” due to the fact that chronic symptoms are often noted after acute infection with Polio Virus, Epstein Barr Virus, influenza or a range of other pathogens (151–153). Chia et al. (154) found that patients with acute enterovirus infection went on to develop a multitude of chronic symptoms consistent with an ME/CFS diagnosis. Years after the initial infection, enterovirus protein and RNA were still present in these patients' stomach biopsies.

It is clear that novel methodologies may be required to best identify pathogens in their latent forms. Pathogens that persist inside human immune cells and associated tunneling nanotubuoles have been particularly hard to detect. When persistent Zika virus was identified in rhesus monkeys, Zika-specific antibodies were not detected in the CSF, despite prolonged and robust responses in peripheral blood. This suggested an additional mechanism for viral persistence in certain “anotomic sanctuaries.” Modern living has also increased the likelihood that “acute” infections may generate chronic sequelae. Before the advent of antibiotics, steroid medications and childhood vaccines, almost half of all children under the age of five died from acute infectious disease (45). Today, most individuals in first-world countries survive repeated acute infections over the course of decades.



UNIQUE INFECTIOUS HISTORY SHAPES ME/CFS DISEASE PROGRESSION

While certain dominant or keystone pathogens may be reliably identified in patients with ME/CFS, composition of the ME/CFS microbiome will likely differ between patients. Even in HIV/AIDS, where an easily detected virus dysregulates immunity, disease symptoms reflect a mix of those driven by HIV, and those driven by “co-infectious” agents able to take advantage of the immunocompromised host (155). No two patients with HIV/AIDS are expected to harbor the same mix of these additional persistent bacteria, fungi, and viruses. The same is true of most cancers, an increasing number of which are now tied to severe microbiome dysbiosis (34). It is widely accepted that no two cancers are alike, and any tumor-associated microbiome is expected to differ somewhat among individual study subjects (156).

This same pattern, in which unique infectious history impacts symptom presentation may also occur in ME/CFS. A recent study by Brodin et al. (45) demonstrated the profound impact of infectious history on host immunity. The team performed a systems-level analysis of 210 healthy twins between the ages of 8 and 82. They measured 204 immune parameters, including cell population frequencies, cytokine responses, and serum proteins, and found that 77% of these are dominated, and 58% almost completely determined, by non-heritable environmental influences. Many of these parameters became more variable with age, emphasizing the cumulative influence of environmental exposure.

The team also calculated how acquisition of just one chronic pathogen—cytomegalovirus (CMV)—conditions the immune response. Identical twins discordant for CMV infection showed greatly reduced correlations for many immune cell frequencies, cell signaling responses, and cytokine concentrations. In general, the influence of CMV was so broad that it affected 119 of the 204 measurements dispersed throughout the immune network. These and related findings led Brodin and team to conclude that the immune response is “very much shaped by the environment and most likely by the many different microbes an individual encounters in their lifetime.”



COULD “SUCCESSIVE INFECTION CONTRIBUTE TO ME/CFS?”

The above suggests that ME/CFS may be driven by a process we have termed “successive infection.” During successive infection, an “acute” infection or “initial immunosuppressive event” dysregulates the host immune system. This makes it easier for microbes to subvert the immune response by acting as polymicrobial entities. Pathobionts alter their gene expression to better promote community-wide virulence. Infected human cells fail to correctly express human metabolites in the presence of pathogen-generated proteins, metabolites, and enzymes. Dysfunction driven by molecular mimicry increases. Certain pathogens may infect mitochondria or central nervous system tissue. Intracellular pathogens slow the human immune response, causing the host to more easily acquire other infectious agents. This creates a snowball effect in which the microbiome becomes increasingly dysbiotic as the strength of the immune response weakens over time.

Eventually, the human host may present with symptoms characteristic of ME/CFS or a related inflammatory diagnosis. The unique symptoms any one patient develops are expected to vary based on the species, strain, virulence, and location of the pathogens driving dysbiosis, along with the myriad ways in which the metabolites and proteins created by these organisms cause dysfunction by interacting with those of the host.

Early childhood infections may predispose to dysbiosis at a later date (157). For example, measles depletes host B and T lymphocytes for up to 2–3 years after initial infection. This immunosuppression can reset previously acquired immunity and renders the host more susceptible to other pathogens (158). In other cases, a toxic environmental exposure, infection during surgery or the difficulty of enduring a traumatic event may weaken the immune response to a point where previously subclinical infections become active. ME/CFS outbreaks, in which numerous patients developed the illness at relatively the same time, may well represent this phenomenon at work.

The successive infectious process may even begin in the womb. Depending on the health of the parent, founding microbiome communities in the placenta, vagina and breast milk may already be dysbiotic. Cabrera-Rubio et al. (159) found that the breast milk microbiome of obese mothers tended to contain a different and less diverse bacterial community then that of normal-weight mothers. Pathogens in the placental microbiome can alter methylation of human DNA in a manner that may negatively impact the later life disease of premature babies (160).

Many aspects of modern living can additionally drive successive infection. Antibiotic use disrupts the ecology of the human microbiome (161). Antibiotic resistance genes from farm animals and produce are regularly transferred into the human food supply (162). Electromagnetic radiation has been shown to lower immunity (163). The immunosuppressive biologics and supplements often prescribed for inflammatory disease further allow pathobionts in the microbiome to proliferate. For example, Diaz et al. (164) found that the salivary bacteriome of patients taking immunosuppressive biologics was more permissive to the growth of oral opportunistic pathogens.

Modern society also exposes the average person to pathogens our recent ancestors were unlikely to encounter. International airports harbor pathogens from across the globe (165). Food products, and the microbes they contain, are frequently imported from foreign destinations (166). One study found a range of opportunistic pathogens enriched in showerhead biofilms (167). Numerous pathogens were identified in commonly smoked cigarettes (168). Many such pathogens are capable of persisting in human microbiome ecosystems, where the host may lack immunity toward their presence.



ME/CFS PATIENTS SHOULD BE STUDIED IN CONCERT WITH RELATED INFLAMMATORY CONDITIONS

ME/CFS is a spectrum disorder with a diagnostic criterion that includes a range of physical and neurological symptoms (2). If successive infection contributes to ME/CFS, this variability in symptom presentation is expected. Furthermore, factoring “unique infectious history” into the disease process helps explain why patients with ME/CFS often suffer from a multitude of symptoms not included in the official diagnostic criteria.

Because patients with ME/CFS suffer from such diverse symptoms, it has been argued that they should be grouped into separately studied “subgroups” (169). In some cases this makes sense. For example, studies that distinguish early-stage/late-stage ME/CFS patients may further elucidate how the immune response is modified by the microbiome over time. However, if successive infection contributes to ME/CFS, future research should also focus on better understanding the common pathogenesis shared by all subjects.

Indeed, successive infection may contribute to other conditions tied to microbiome dysbiosis, persistent infection, and adverse environmental exposure. ME/CFS should be studied in concert with these other conditions, which include Gulf War Syndrome, Ehlers-Danlos Syndrome, Chronic Lyme Disease, and fibromyalgia among others (170–174). The high levels of comorbidity and symptom overlap between patients with ME/CFS and these related inflammatory diagnoses strengthens this assumption.



“AUTOANTIBODIES” IN ME/CFS ARE LIKELY CREATED IN RESPONSE TO PERSISTENT PATHOGENS

A number of autoantibodies have been detected in patients with ME/CFS (4). This has led some research teams to postulate that ME/CFS should be regarded as an “autoimmune” disorder (175). However, the classical “theory of autoimmunity” is in the process of being re-evaluated (78, 176). Increasing evidence suggests that “autoantibodies” are actually created in response to chronic, persistent microbiome pathogens. Under such conditions molecular mimicry or structural homology between pathogen and host proteins can result in “collateral damage” toward human tissue. For example, Vojdani et al. (177) found that 25 different Alzheimer's-associated pathogens or their molecules could react with antibodies against amyloid beta via molecular mimicry or the binding of bacterial toxins to amyloid beta.

A growing body of research documents “autoantibody” production in response to a range of bacterial, viral and fungal pathogens/pathobionts. These pathogens are not short-term “triggers” but persist as members of complex microbiome communities. For example, “autoantibody” production was recently tied to microbiome pathobiont Enterococcus gallinarum. Manfredo et al. (178) detected E. galinarum in the mesenteric veins, lymph nodes, spleens and livers of mice made genetically prone to autoimmunity. In these mice, the bacterium initiated the production of “autoantibodies,” inflammation and activated T cells. However, this “autoantibody” production stopped when E. gallinarum's growth was suppressed with the antibiotic vancomycin or with an intramuscular vaccine. In addition, E. gallinarum–specific DNA was recovered from liver biopsies of human autoimmune patients, and co-cultures with human hepatocytes replicated the murine findings.

Indeed, many pathogens can drive the activated or clonal T cell expansion often associated with “autoimmune” conditions. For example, Tuffs et al. (179) found that S. aureus endotoxins triggered uncontrolled activation of T cells. This led to a pro-inflammatory cytokine storm that accounted for both T cell activation and related inflammation.



THE GUT-BRAIN AXIS AND THE BRAIN MICROBIOME

Microbes and their metabolites control bidirectional signaling between the gut and the brain via pathways collectively known as the gut-brain axis (180). The gut-brain axis involves various afferent and efferent pathways including the vagus nerve, with signaling impacting neural, endocrine, and immune processes. The gut's enteric nervous system contains over 100 million neurons—more than in either the peripheral nervous system or spinal cord (181). It follows that gut microbiome dysbiosis may modulate brain activity. For example, Sampson et al. (79) transplanted fecal samples from patients with Parkinson's disease into germ-free mice. These mice, and not controls, exhibited physical symptoms associated with Parkinson's.

However, there is also growing evidence that humans may harbor a brain microbiome. Researchers at Harvard University are characterizing this ecosystem as part of the ongoing “Brain Microbiome Project.” In what marks a major paradigm shift, multiple research teams have shown that both amyloid beta and prion protein (PrP) are potent antimicrobial peptides (182, 183). Amyloid beta exhibited antimicrobial activity against a range of common microorganisms with a potency equivalent to, and in some cases greater than, cathelicidin (LL-37) (184). These pathogens included S. typhimurium, Candida albicans and, more recently, a number of herpesviruses capable of persisting in the Alzheimer's brain (88, 185).

The findings strongly suggest that amyloid beta and PrP are not useless byproducts of abnormal brain catabolism. Rather, they appear to form a mediated response of the innate immune system toward infectious agents in brain tissue (186). A number of brain abnormalities have been reported in patents with ME/CFS (187). These findings must be interpreted in light of these novel infection-based paradigms and in concert with emerging data on the brain microbiome.



WHAT ABOUT THE HUMAN GENOME?

In a study of aortic aneurysms, Gottlieb et al. (188) reported that BAK1 SNP-containing alleles were detected in aortic tissue but not in blood samples from the same patients. More recently Ursini et al. (189) found that schizophrenia gene risk loci that interact with early-life complications are highly expressed in the placenta. However, these loci were differentially expressed in placentas from women who suffered complications during pregnancy. They were also differentially upregulated in placentae from male compared with female offspring.

These and related findings strongly suggest that the environment can select for human genome activity. For example, Harley et al. (190) found that in EBV infected cells, EBNA2 and its transcription factors modulated the activity of human genes associated with risk for multiple sclerosis, rheumatoid arthritis, type 1 diabetes and other conditions. In fact, nearly half of systemic lupus erythematosus risk loci were occupied by EBNA2 and co-clustering human transcription factors.

Studies of the human genome must also account for the full extent of microbial DNA and RNA in human tissue and blood. If a genomic assembler fails to account for this contamination, chances of a false positive single nucleotide polymorphism (SNP) increase significantly during analysis (191). Contamination with even a small amount of microbial DNA/RNA—just one or two base pairs of difference—is enough to cause significant statistical errors in this fashion.



IMMUNOSTIMULATION IN THE TREATMENT OF ME/CFS

If ME/CFS is driven by successive infection, treatments that support or activate the human immune system could improve microbiome health by allowing patients to better target persistent pathogens. Development of such therapies should be a priority for the ME/CFS research community. However, most immunostimulative treatments that target pathogens are characterized by immunopathology—a cascade of reactions in which inflammation, cytokine release and endotoxin release are generated as part of the immune system's response to microbial death (192–194). The death of intracellular pathogens is particularly difficult for the host to manage, as the body must deal with debris generated from apoptosis. Inflammation is also generated in response to bacterial cell wall components including the endotoxin lipopolysaccharide of Gram-negative strains (192). Luckily, immunopathology-generated symptoms are generally temporary in nature, and tend to subside as an increasing number of pathogens are eradicated.

Temporary immunopathology resulting from antimicrobial treatment has been documented for over a century, with symptoms varying depending on the nature of targeted pathogens. First referred to as the Jarisch–Herxheimer reaction, the phenomenon was originally observed during treatment of syphilis with mercury and penicillin (195, 196). The Jarisch-Herxheimer reaction/immunopathology has since been noted in a broad spectrum of chronic inflammatory conditions including tuberculosis and Brucellosis (197). Short-term immunopathology is also a central feature of acute infection. If a patient develops the flu, inflammatory symptoms increase as the immune system releases cytokines and chemokines in response to the infecting virus.

HIV/AIDS patients undergo a form of immunopathology called Immune Reconstitution Inflammatory Syndrome (IRIS) following treatment with Combination Antiretroviral Therapy (ART) (198). IRIS occurs as ART enables the host immune system to better target pathogens acquired during previous periods of HIV-driven immunosuppression. A range of well-characterized pathogens have been linked to IRIS including the herpesviruses and M. tuberculosis (193). However, the inflammatory reaction is also noted in culture-negative patients, suggesting IRIS may also involve novel or uncharacterized pathogens (198).

Over the past decade, in concert with our clinical collaborators, we developed an immunostimulative therapy used to treat patients with a range of chronic inflammatory conditions (200). Treatment centers on the use of a putative VDR agonist in the form of olmesartan medoxomil, with the goal of reactivating components of innate immunity under VDR control. In 2013, we published a series of case histories demonstrating improvement in ME/CFS patients administered this treatment (199). However, all ME/CFS subjects administered the therapy experienced immunopathology and associated inflammatory symptom increases that lasted for many years. As a general trend, patients administered the treatment during earlier stages of disease experienced less immunopathology, emphasizing the need for immunostimulative therapies to be used in a predictive and even preventative fashion.

While some ME/CFS physicians may feel uneasy about the suffering induced by immunopathology, other research communities have become accustomed to treatments that cause temporary discomfort. Novel cancer immunotherapies also generate immunopathology by activating patient T cells. This allows the immune system to better target malignant tumors (194, 201). The resulting “cytokine release syndrome” leads to profound, temporary, symptom increases. However, these increased symptoms are considered acceptable, as patients who endure the reaction are more likely to enter a state of remission. Since many forms of cancer are tied to severe microbiome dysbiosis, at least part of the “cytokine release syndrome” may result from the death of persistent pathogens.



DISCUSSION

The history of ME/CFS strongly suggests that infectious agents play a central role in driving the disease process. However, the discovery of the human microbiome has revolutionized the manner in which persistent infection and chronic inflammation are understood and studied. Humans harbor extensive microbiome communities of bacteria, viruses, and fungi in nearly all tissue and blood. The hundreds of millions of unique genes harbored by this microbiome dwarf the ~20,500 in the human genome. Humans are best described as holobionts, in which these microbial genomes and the human genome continually interact to regulate host gene expression, metabolism and immunity.

Many inflammatory disease states, including neurological conditions and cancers, are tied to dysbiosis or imbalance of human microbiome communities in various body sites. While gut microbiome dysbiosis has already been identified in ME/CFS, distinct microbial and viral communities may additionally persist in ME/CFS blood and brain tissue. Possible identification of these microbiomes should be a priority for the ME/CFS research community, but analysis requires the use of very specific technologies and methodologies.

Pathogens and their associated proteins/metabolites control human metabolism and gene expression in a manner that can push the human holobiont toward a state of illness. Studies of microbiome dysbiosis in ME/CFS must consider this microbe and viral activity. Most human microbes can alter their gene expression to act as pathogens under conditions of imbalance and immunosuppression. This pathobiont behavior is further determined by the activity and virulence of neighboring microbes. Patients with ME/CFS may harbor many of the same microbes and viruses as heathy individuals, yet these pathobionts may act with increased virulence in patients with the illness.

Intracellular pathogens, including several associated with ME/CFS, have been shown to directly interfere with human transcription, translation, and DNA repair processes. Molecular mimicry between host and pathogen proteins/metabolites further exacerbates this interference. Interacting microbes can also drive disease by changing their collective gene expression. Other pathogens disable mitochondria, or may infect central nervous system tissue in ways that dysregulate signaling via the gut-brain axis. Antibodies and/or clonal T cells identified in patients with ME/CFS are likely activated in response to many of these persistent microbiome pathogens.

Different pathogens have evolved similar survival mechanisms to disable the host immune response and/or host metabolic pathways. The metabolic dysfunction driven by these different microbes can result in similar clusters of inflammatory symptoms. ME/CFS may be driven by this pathogen-induced dysfunction, with the nature of dysbiosis and symptom presentation varying based on a patient's unique infectious and environmental history. An initial infection or environmental exposure weakens the host immune system. This makes it easier for pathobionts to subvert the immune response and interfere with host gene expression and metabolism. A snowball effect begins, in which the microbiome becomes increasingly dysbiotic as the strength of the immune response weakens over time. The unique symptoms any one ME/CFS patient develops are expected to vary depending on the location, species, strain and virulence of the pathogens driving this dysbiosis. Thus, while certain dominant or keystone pathogens may be identified in ME/CFS, composition of the ME/CFS microbiome, metabolome, and proteome should be expected to differ somewhat among individual patients.

These common mechanisms suggest that ME/CFS is best studied in concert with other chronic conditions tied to microbiome dysbiosis, persistent infection and adverse environmental exposure. These include fibromyalgia and Gulf War Syndrome, but also conditions like Post-Ebola Syndrome in which severe chronic symptoms develop after infection with an “acute” infectious agent that is able to persist in latent forms.

Treatments that support or activate the human immune system could allow ME/CFS patients to improve microbiome health by better targeting pathogens over time. Like the novel immunotherapies being developed for cancers, these immunostimulative therapies would be expected to generate temporary immunopathology. Institutional reviewers hesitant to approve immunopathology-based therapies should consider that ME/CFS quality of life is typically very low, with patients demonstrating a substantial increase in mortality from suicide (202).

It often takes patients years to receive a diagnosis of ME/CFS. This delay wastes a valuable period during which the immune system is most responsive to immunostimulatory treatment. Patients treated during earlier stage disease are also less likely to experience severe or long-lasting immunopathology. This suggests that immunostimulative therapies should be administered in a predictive and even preventative fashion. In addition, interventions or treatments that might help patients better manage the byproducts of immunopathology (bacterial LPS etc.) should become a priority for the research community.

The overall success of ME/CFS research also hinges on the scientific community's willingness to embrace the concept of the human holobiont. In ME/CFS, the immune response, metabolism, central nervous system, and human gene expression are all linked by the activity of the microbiome and its associated proteins/metabolites. A greater focus on these interconnected systems is necessary, which will require increased collaboration between separate research teams.
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Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is the label given to a syndrome that can include long-term flu-like symptoms, profound fatigue, trouble concentrating, and autonomic problems, all of which worsen after exertion. It is unclear how many individuals with this diagnosis are suffering from the same condition or have the same underlying pathophysiology, and the discovery of biomarkers would be clarifying. The name “myalgic encephalomyelitis” essentially means “muscle pain related to central nervous system inflammation” and many efforts to find diagnostic biomarkers have focused on one or more aspects of neuroinflammation, from periphery to brain. As the field uncovers the relationship between the symptoms of this condition and neuroinflammation, attention must be paid to the biological mechanisms of neuroinflammation and issues with its potential measurement. The current review focuses on three methods used to study putative neuroinflammation in ME/CFS: (1) positron emission tomography (PET) neuroimaging using translocator protein (TSPO) binding radioligand (2) magnetic resonance spectroscopy (MRS) neuroimaging and (3) assays of cytokines circulating in blood and cerebrospinal fluid. PET scanning using TSPO-binding radioligand is a promising option for studies of neuroinflammation. However, methodological difficulties that exist both in this particular technique and across the ME/CFS neuroimaging literature must be addressed for any results to be interpretable. We argue that the vast majority of ME/CFS neuroimaging has failed to use optimal techniques for studying brainstem, despite its probable centrality to any neuroinflammatory causes or autonomic effects. MRS is discussed as a less informative but more widely available, less invasive, and less expensive option for imaging neuroinflammation, and existing studies using MRS neuroimaging are reviewed. Studies seeking to find a peripheral circulating cytokine “profile” for ME/CFS are reviewed, with attention paid to the biological and methodological reasons for lack of replication among these studies. We argue that both the biological mechanisms of cytokines and the innumerable sources of potential variance in their measurement make it unlikely that a consistent and replicable diagnostic cytokine profile will ever be discovered.
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INTRODUCTION

Chronic fatigue syndrome (CFS) is an often-debilitating illness that can feel like an ongoing flu that lasts for years. Symptoms include reduced energy production, body aches, non-refreshing sleep, and difficulty recovering from both physical and mental exertion. Among many patients and some scientists, the preferred name for chronic fatigue syndrome is myalgic encephalomyelitis (ME), leading this condition to frequently be referred to as ME/CFS (among some scientists, the preferred name is “systemic exercise intolerance syndrome” [SEID; (1)] but use of this term remains rare). While it is more commonly used in Europe, the term “myalgic encephalomyelitis” is almost unheard of in the United States outside of experts and advocates, and “chronic fatigue syndrome” is generally used instead. The current review is largely centered on some of the research methods necessary for justifying the term “myalgic encephalomyelitis,” which essentially means “muscle pain (myalgia) related to central nervous system inflammation (encephalomyelitis).”

For this condition to warrant the name ME, “encephalomyelitis” should be a consistent finding reported by multiple groups using multiple methods. To move past a defensive posture of “this is a real condition with biological differences from healthy controls” toward diagnostic biomarkers and effective treatment options, the field's neuroimmunology research must be able to answer:

• How would a measured component of neuroinflammation lead to symptoms?

• How do we accurately measure that component of neuroinflammation?

• What can and cannot be concluded from the chosen method?

In this review, we focus on three specific methods that have been used to study the neuroimmunology of ME/CFS:

• positron emission tomography (PET) using translocator protein (TSPO) binding radioligand,

• magnetic resonance spectroscopy (MRS), and

• assays measuring cytokines in blood and cerebrospinal fluid

We offer a particular focus on what can and cannot be concluded by studies using these methods.

We review the above three methods because:

1) we believe that PET scanning using TSPO-binding radioligand is the best-available and most direct option for studies of neuroinflammation but that methods must be optimized,

2) MRS is much more widely available than PET with TSPO-binding radioligand and has good potential for a less expensive and invasive option for indirectly imaging neuroinflammation, and

3) studies commonly seek to find a distinct peripheral circulating cytokine “profile” in ME/CFS, and we offer critiques of current approaches.


“Encephalomyelitis”

There have been scores of historical outbreaks of viral-like illnesses that lead to profound and lasting fatigue, perhaps most famously in Los Angeles (1934), Iceland (1948), London (1955), and Nevada (1984) (2–5). In 1955, an Icelandic doctor suggested the name “benign myalgic encephalomyelitis” after noting some similarities in cerebrospinal fluid abnormalities between patients from the London Royal Free Hospital outbreak and other putatively similar outbreaks, including a 1948 outbreak in Akureyri, Iceland (Sigurdsson May 26, 1956, in The Lancet). A lack of consistent methods and cerebrospinal fluid sample sizes precluded strong conclusions about similarities, or lack thereof, across the outbreaks. Sigurdsson (2) described “symptoms and signs of damage to the brain and spinal cord, in a greater or lesser degree” and “protracted muscle pain with paresis and cramp” in explaining his choice of the term “benign myalgic encephalomyelitis.” The term “benign” was included not because the symptoms were mild, but rather for discriminant validity because this “new clinical entity” was believed by Sigurdsson to have a “relatively benign outcome” (including lack of fatalities), relative to possibly similar conditions such as poliomyelitis. Another seemingly similar outbreak occurred in 1984–5 in Incline Village, Nevada. If there existed any connection to previous outbreaks that connection was not made, and a new term, “chronic fatigue syndrome,” was coined. This has contributed to confusion over whether “chronic fatigue syndrome” and “myalgic encephalomyelitis” are the same entity. The causes of and connections among outbreaks remain incompletely understood.

Despite the issues with name and diagnosis, there may be a core/root condition “ME/CFS” that involves inflammation of the central nervous system. Many studies, including those reviewed below, have reported results consistent with a neuroinflammatory process [e.g., (6–9)]. However, despite some cases of direct evidence and a fair amount of indirect evidence from case-control studies, consistent and well-replicated direct evidence for nervous system inflammation is still somewhat limited, relative to what one would expect for a condition named after a mechanistic trait.




INFLAMMATION NEUROCIRCUITRY

Many patients with ME/CFS report having experienced a viral or bacterial infection directly prior to the onset of their illness [e.g., (10–14)]. This has led researchers to investigate the hypothesis that resulting inflammation may be a mechanism by which this syndrome occurs [e.g., (9); (6)]. Given the putative centrality of neuroinflammation in ME/CFS, dysregulation in peripheral immune system to nervous system inflammation pathways should be a target for hypotheses and research [e.g., (15)].

When an inflammatory response occurs in the periphery, the brain is alerted to the presence of inflammation-associated molecules such as proinflammatory cytokines circulating in blood. While new potential neuroimmune pathways are still being discovered [e.g., (16)], we know of three ways in which this alert can occur. Immune proteins such as cytokines will:

1) be actively transported across the blood-brain barrier (BBB),

2) passively diffuse through the BBB via circumventricular organs if present in high enough concentrations, or

3) be detected by chemoreceptors in the afferent (sensory) vagus nerve, which synapses in the nucleus of the solitary tract (NTS) of dorsal brainstem (17–21).

The process of afferent neuroimmune signaling triggers the sickness response (sometimes called sickness behaviors), a general innate immune system reaction [e.g., (22)] that includes many symptoms that overlap with ME/CFS symptoms [e.g., (15)].

Cytokine signaling from the peripheral side of the BBB triggers a “mirror response” of glial activation and cytokine release on the brain side of the BBB (18). Glia are a class of cells that function at the intersection of the nervous and immune systems; the primary glia of the central nervous systems are microglia, tissue-resident macrophages that are capable of detecting danger-associated molecules such as alarmins and mitochondrial DNA, or immune signaling molecules such as chemokines and proinflammatory cytokines (23). When this detection occurs, microglia and other glial cell types enter a functional and morphological state of activation, and in turn produce their own chemokines and proinflammatory cytokines that can cause the activation and proliferation of nearby glia. Importantly, a relatively large brain-side “mirror response” of glial activation and cytokine release can be triggered by a small quantity of proinflammatory cytokine, if that small quantity of cytokine has been detected by the chemoreceptors of the afferent vagus nerve. Mirror responses may follow specific neural circuits (discussed below), as glia are most dense along white matter tracts (24, 25). This explains why, from the above-described three mechanisms of cytokine-to-brain communication, neuroimmune signaling continues along specific brain pathways. Basic neuroimmunology research has begun to elucidate these pathways, which should be the focus of ME/CFS neuroimaging studies. Kraynak et al. (19) conducted a useful meta-analysis of this basic neuroimmunology research. They synthesized results from studies that performed neuroimaging during peripheral immune activation by either an immune stimulating antigen (e.g., lipopolysaccharide [LPS]) or proinflammatory cytokines (e.g., interferon alpha [IFN-α]). Such challenges consistently activated known intrinsic brain networks and specific structures. Consistent activation occurred in basal ganglia (bilateral striatum), limbic structures (right amygdala, bilateral hippocampus, and hypothalamus), brainstem/pons, and neocortex (right anterior insular cortex, right temporal and left parahippocampal gyri, subgenual and dorsal anterior cingulate cortex [sgACC and dACC], and dorsomedial and ventromedial prefrontal cortex [dmPFC and vmPFC]). The meta-analysis also investigated functional connectivity patterns among the above structures, finding especially strong connectivity between brainstem and right anterior insula, anterior insula, and amygdala/parahippocampal gyrus, and between brainstem and sgACC/vmPFC.

Though not as robust, right temporal and left parahippocampal gyri also showed significant functional connectivity with the above structures. Therefore, these could be considered a priori functional circuits of interest in studies of putative neuroinflammatory conditions such as ME/CFS. The dACC (which would be considered anterior midcingulate cortex [aMCC] by some anatomists) did not show functional connectivity with the above circuits but was consistently activated and therefore could also be considered an a priori region of interest in neuroinflammation studies. Given the role of dACC in attention and cognitive control, we suggest that its function in ME/CFS could be considered particularly important for “brain fog” symptoms. Furthermore, Kraynak et al. (19) reported that the thalamus was also consistently detected across multiple study designs, but not in a way that demonstrated functional connectivity. However, we consider thalamus an important region of interest in ME/CFS given its detection by Nakatomi et al. (8) and given the role of thalamus in sensory filtering, a likely mechanism for the common symptom of sensory sensitivity (discussed further in section MRS studies in ME/CFS).

In brainstem/pons, the meta-analysis did find functional connectivity but failed to find consistent activation across studies in the area of nucleus of the solitary tract (NTS) and area postrema. This might be considered unexpected because these neighboring structures are central to two of the three cytokine-to-brain pathways described in section Inflammation neurocircuitry: the NTS is where vagus nerve enters the brainstem, and area postrema is a key circumventricular organ. We suspect that the area of NTS and area postrema was not consistently activated in all studies of this meta-analysis because most neuroimaging studies do not use brainstem-specific spatial registration techniques (discussed in more detail below in section Brainstem-specific analyses and techniques). We therefore strongly recommend that neuroimaging studies of ME/CFS consider this area (at the dorsal surface of brainstem just inferior to pons) as an a priori region of interest. In addition to its role in afferent cytokine-to-brain signaling, this area of brainstem may hold particular importance for ME/CFS symptoms. In the afferent direction, area postrema is dense with mast cells (26), which is perhaps important for some ME/CFS patients, given comorbidity between ME/CFS and mast cell activation disorder. In the efferent direction, this area includes the dorsal motor nucleus of the vagus nerve (DMV), which is potentially important given its role in autonomic functions [e.g., (27)] that are dysfunctional in ME/CFS, such as appropriate heart rate adjustments to postural changes and exertion. Furthermore, an efferent signal from DMV should trigger an anti-inflammatory reflex, which serves to limit the inflammatory response (28). Functional analysis of this area critically relies upon brainstem-specific techniques (see Figure 1) in order for signal to be detected (27, 29).
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FIGURE 1. Ten structural MRI scans were aligned using two different standard neocortex-based spatial registration techniques. The brainstem of each individual brain was then traced to demonstrate how poorly they are aligned by these methods. In functional neuroimaging, detection of activation in a given brain structure is completely dependent upon the alignment of that structure across all subjects. No signal will be detected if the region of interest is not aligned. Reprinted from Napadow et al. (29) with permission from Elsevier.



Because neuroinflammation can affect normal function and structure, even methods that do not directly measure neuroinflammation (e.g., fMRI and structural MR) can be clarifying if their focus is on neuroinflammation-relevant brain circuits and structures. However, there are neuroimaging techniques that can more directly measure neuroinflammation, such as PET and MRS. The current gold standard for in vivo imaging of neuroinflammation is PET scanning using a translocator protein-binding radioligand.



MEASURING MICROGLIAL ACTIVATION: PET AND THE TRANSLOCATOR PROTEIN

Positron emission tomography (PET) is a neuroimaging method that involves the injection of a radioactive tracer (radiotracer). The radiotracer is biologically relevant in some manner; for example it may mimic endogenous glucose or an endogenous neurotransmitter, or it may bind to a receptor or other molecule of interest. Radiotracers typically use a small amount of rapidly-decaying radiation, and as its radiation decays its location within the body or brain is calculated by the PET scanner. This allows neuroscientists to determine where the biological process of interest is occurring. Several radiotracers have been developed to detect and localize microglial activation by binding to the translocator protein [usually referred to as TSPO but also sometimes referred to as TP-18; reviewed in (30–32)].

First known as the peripheral benzodiazepine receptor (PBR), what is now called the 18kD translocator protein (TSPO), is part of a larger protein complex known as mitochondrial permeability transition pore (MPTP). TSPO is expressed by non-neuronal cells of the central nervous system, and is mostly localized to the outer mitochondrial membrane. TSPO is of interest in the functional imaging of neuroinflammation because it is produced when microglia become activated, and microglial activation is a key component of classically-defined neuroinflammation. Importantly for its use as a proxy for neuroimmune functional state, TSPO is not highly expressed by microglia at a constitutive level but is upregulated upon microglial activation.

Some researchers argue that microglial activation is not a perfect synonym for neuroinflammation and that classically-defined inflammation is when circulating immune cells penetrate into tissue [e.g., (21)]. However, microglial activation would be a predictable correlate to classically-defined neuroinflammation, which would be defined as the infiltration into brain parenchyma of peripheral immune cells such as T cells, dendritic cells, and peripheral mast cells (18). Microglial activation is central to the increased permeability of the BBB that is necessary for this process, and therefore the binding of radiotracer to TSPO is an expected state during classically-defined neuroinflammation, and an absence of such binding would be fairly good evidence for a lack of classically-defined neuroinflammation. Other expected changes during classically-defined neuroinflammation would include activation of other resident immunocompetent cells in addition to microglia (such as astrocytes), disruption of BBB, penetration of peripheral immune cells to the brain side of the BBB, and additional possible pathological consequences such as cell loss, iron accumulation, and edema. Each of these expected changes can be measured with neuroimaging [for review of methods see (33)] and such studies would provide concurrent validity for TSPO-binding radioligand studies. Here we describe one PET TSPO study of healthy individuals, and one of individuals with ME/CFS.


PET Scanning Using TSPO-Binding Radioligand in Healthy Humans

Sandiego et al. (34) used PET scanning with TSPO-binding radioligand to understand the effects of a peripheral immune challenge on the brains of healthy humans. They used lipopolysaccharide (LPS, sometimes called endotoxin), a molecule found in the outer membrane of gram-negative bacteria, which triggers an immune response via TLR4 signaling. LPS is a commonly-used experimental immune challenge, but the effect of peripheral LPS injection on immune response in the brain had previously only been studied in animal models.

Using a within-subjects design, Sandiego et al. (34) reported significantly increased PBR28 signal in many brain structures following LPS-injection, including bilateral caudate nucleus and putamen of the basal ganglia, large areas of the neocortex, amygdala, hippocampus, and thalamus. They also found a significant increase in several peripherally-circulating cytokines; however, these circulating cytokine levels correlated with neither PBR28 signal nor subjective sickness symptoms such as fatigue. This is an important concept found repeatedly in the neuroinflammation literature and discussed further below: circulating cytokine levels are often a poor measure for subjective symptoms and often do not reflect what is happening on the brain side of the BBB. For example, in a study of ME/CFS, Nakatomi et al. (8) reported a lack of correlation between circulating cytokine levels and TSPO-binding radioligand signal in ME/CFS patients' brains, along with a lack of correlation between circulating cytokine levels and their subjective symptoms.



PET Scanning Using TSPO-Binding Radioligand in ME/CFS

Nakatomi et al. (8) conducted the first case-control study using PET to measure TSPO expression in the central nervous system of ME/CFS patients vs. healthy controls. They found significantly increased PET signal, especially in a region between mid-pons and thalamus, in patients vs. controls. Based on how the “mirror response” of peripheral-to-central nervous system immune signaling works, this is the general pattern one would expect based on a paper from our group, which hypothesizes that some cases of ME/CFS could be explained by exaggerated afferent neuroimmune signaling entering the central nervous system at the nucleus of the solitary tract (NTS) in dorsal brainstem (15). Nakatomi et al. (8) remains an important, groundbreaking study that should be replicated with complementary methods. Here, we describe several specific ways to complement and improve upon future studies using the same general method of PET scanning using TSPO-binding radioligand.



Methods to Address Potential Confounds in PET Studies Using TSPO-Binding Radioligand

There are several potential ways to interpret differences in TSPO-binding radioligand signal in patients vs. controls. Isolating and addressing potential confounding variables will make interpretation easier but also adds difficulty and considerable cost to a study. Type 1 or type 2 errors in studies of TSPO-binding PET radioligand uptake in brain could potentially be explained by the following methodological confounds:

• Standard neuroimaging techniques were not designed for brainstem study

• The first-generation radioligand PK11195 has high non-specific binding and low signal-to-background ratio

• PET signal calculated with an anatomical reference brain region relies on equal radioligand uptake in that region across cases and controls

• Radioligand access to brain is modified by general metabolism, which can differ across cases and controls

• Activated peripheral immune cells bind radioligand and can differ in quantity across cases and controls

• A single nucleotide polymorphism (SNP) in the TSPO gene causes differential radioligand binding

• Use of healthy controls harms discriminant validity

Here, we will address each of these issues and describe solutions.

Brainstem-Specific Analyses and Techniques

Standard neuroimaging techniques were not designed for brainstem study

One can almost consider the structural and functional neuroimaging analysis of brainstem to be a separate technique from the analysis of neocortex because brainstem analysis has its own issues that must be resolved for the data to be interpretable [e.g., (27, 29, 35)]. The vast majority of neuroimaging studies do not use brainstem-appropriate techniques. Two prominent issues are (1) the need for independent spatial registration of brainstem, and (2) the unique susceptibility of brainstem to physiologically-based movement artifact.

Standard MRI and fMRI analysis software platforms use the neocortex for spatial registration. In neuroimaging, spatial registration is the process of lining up all participant brains so their anatomy overlaps, allowing structural differences or functional activations to be meaningfully compared. Nakatomi et al. (8) used Statistical Parametric Mapping 5 software (SPM5; Wellcome Department of Cognitive Neurology), which is a well-validated and widely-accepted technique in neuroimaging. However, like most standard techniques, the brainstem is not the focus of standard SPM5 spatial registration. Instead, the neocortex of each individual brain in a study is lined up with the neocortex of a canonical brain (see Figure 1). This is because the vast majority of functional neuroimaging studies examine the types of “higher” cognitive and emotional processes that are associated with the neocortex, as opposed to studying the types of “lower” processes that are associated with the brainstem (e.g., autonomic, arousal, pain, neuroimmune communication). Given the anatomical reality that the brainstem comprises many densely-packed but functionally-heterogeneous nuclei, any small errors in spatial registration caused by failure to use brainstem-specific registration are highly likely to lead to decreased sensitivity in signal and type 2 errors (29). It is likely a testament to the strength of the PET signal in Nakatomi et al. (8) that their results remained statistically significant despite the fact that brainstem-specific analysis techniques were not used, however it is also likely that the lack of dorsal signal is explained by this confound.

Furthermore, the brainstem is especially prone to physiologically-driven movement artifact given that it pulses with every heartbeat [e.g., (36, 37)]. This is especially important for fMRI studies as opposed to PET, but this artifact is rarely considered in studies using either method. This can be corrected by recording physiological measures during acquisition to use as a movement artifact regressor during functional analysis. It is important to note that failure to control for systematic differences in movement between patients and controls has caused significant confusion in some clinical neuroimaging fields [e.g., (38)].

A large majority of neuroimaging studies in ME/CFS have not used brainstem-specific spatial co-registration, normalization, or physiologically-derived movement artifact regression techniques. In a disorder defined by symptoms related to fatigue, autonomic nervous system problems [e.g., (39–46)], and putative neuroimmune signaling [e.g., (6, 9, 15)], brainstem is an obvious region of interest. Standard analysis techniques would surely fail to coregister the very small nuclei that may be related to key ME/CFS symptoms (e.g., nucleus of the solitary tract, area postrema, dorsal motor nucleus of the vagus nerve, periaqueductal gray, reticularis gigantocellularis, and others). It is therefore quite likely that functional brainstem abnormalities in this condition, if any, have been missed by those studies that reported the results of standard techniques. It is noteworthy that several studies that did deliberately focus on brainstem have found abnormalities. For example, Costa et al. (47) reported brainstem hypoperfusion in ME/CFS patients vs. depressive and healthy controls. Barnden et al. (48) reported differential regression values of seated pulse pressure (systolic–diastolic) against brainstem total gray matter volume (measured by voxel-based morphometry and centered on tegmental area) in ME/CFS patients vs. healthy controls. Similarly, Barnden et al. (39) reported an abnormal association between indicators of autonomic function volumetric measures in the area of the vasomotor center in the brainstem's medulla oblongata, which (along with glossopharangeal nerve) is innervated by the neuroimmune and autonomic parasympathetic vagus nerve. Barnden et al. (49) reported abnormal T1-weighted spin echo MRI signal in brainstem of Fukuda criteria ME/CFS patients.

By using brainstem-specific spatial registration in addition to standard neocortex spatial registration, neuroimaging studies of ME/CFS are much more likely to detect any functional and structural abnormalities that may be driving autonomic and neuroimmune-related symptoms. We believe it likely that failure to use brainstem-specific techniques has resulted in type 2 errors in the ME/CFS neuroimaging field, in PET studies as well as other modalities like MRI and fMRI.

PBR28 or Other Second-Generation Radioligands Instead of PK11195

The first-generation radioligand PK11195 has high non-specific binding and low signal-to-background ratio

Nakatomi et al. (8) used the first-generation TSPO-binding radioligand, [11C]-(R)-PK11195 (referred to hereafter as PK11195). The development of PK11195 in the 1980s led to advances in the understanding of brain diseases with an inflammatory component such as multiple sclerosis, Rasmussen's encephalitis, Huntington and Alzheimer's diseases, and others (31). However, PK11195 has fairly low brain penetrance and also high non-specific binding in that it binds to other types of immune cells and proteins, including those in the general blood circulation [e.g., (50)]. If there are systematic differences in BBB permeability or in the quality and quantity of PK11195-binding antigens between cases and controls, this can lead to type 1 or type 2 error. Since PK11195's development, a newer, second-generation family of TSPO-binding radioligands has been created (33). Second-generation TSPO-binding radioligands, including PBR28, FEPPA, and DPA-714 [reviewed in (51)], feature a much higher signal-to-background ratio than PK11195.

Arterial Line (A-Line) Sampling During PET Neuroimaging Allows Data Interpretation

PET signal calculated with an anatomical reference region relies on equal radioligand uptake in that region across cases and controls

Nakatomi et al. (8) used a cerebellar reference region to calculate non-displaceable binding potential: in order to compare patients to controls, each individual study participant had the amount of PET signal in brain regions of interest compared to the amount in the cerebellum. In other words, each person's cerebellum was used as their own “baseline” comparator to decide if other regions were showing evidence of radioligand uptake and therefore microglial activation. This is a standard and widely-accepted technique for PET study analyses, however it is not a quantitative analysis technique: the “signal” reported in such studies is a relative signal and not a quantitative one. This may be particularly important for studies of a poorly-understood condition like ME/CFS because we cannot be certain that the cerebella of patients are not affected by their condition. For example, cerebellar folia (gyri) contain several large blood vessels which could contain different amounts of TSPO-expressing circulating immune cells in patients vs. controls. Furthermore, a recent report found increased HHV-6 infection of cerebellum Purkinje cells in mood disorders vs. controls (52); such an infection would be likely to increase TSPO expression and render invalid the cerebellum as a “baseline” reference region. The gold standard for quantitative data would be arterial line (A-line) sampling for kinetic modeling of TSPO, which counters other potential confounds as well. Throughout the scan, blood samples are extracted from the radial artery at regular timepoints. Sample analysis allows determination of the exact quantity of free radioligand available to enter the brain, which is used to interpret brain signal.

Radioligand access to brain is modified by general metabolism, which can differ across cases and controls

One common theory of ME/CFS is that it is, at root, a disorder of mitochondrial dysfunction and reduced metabolism [e.g., (53, 54)]. This creates a possible alternative explanation for the increased PK11195 uptake demonstrated in Nakatomi et al. (8). If metabolism is reduced in ME/CFS patients relative to healthy controls, the radioligand would be metabolized more slowly in patients. This means that more radioligand would reach the brain for the simple reason that more remains circulating from the original injection. This problem is made worse by low-brain-penetrance radioligand such as PK11195 as opposed to second-generation radioligands such as PBR28. The use of A-line sampling during scanning can provide an ongoing measure of arterial radioligand availability, allowing any individual differences in radiotracer metabolism to be taken into account.

Activated peripheral immune cells bind radioligand and can differ in quantity across cases and controls

While PBR28 has improved non-specific binding, the antigen that it binds to can occur in non-target tissues and in blood. Neurologists, neuroimmunologists, and neuroscientists use PET radioligands that bind to TSPO because TSPO is produced by activated microglia, the resident tissue macrophages of the central nervous system. However, there are many different kinds of tissue macrophages as well as macrophages in general circulation, and these cells also produce TSPO. Many medical conditions are associated with changes in TSPO expression within different peripheral organs [e.g., (55–58)]. Use of an A-line protects against the possibility that group differences in circulating cells, molecules, and tissue macrophages (possibly due to comorbid conditions) cause differences in peripheral TSPO binding, thereby leaving less TSPO-binding radioligand capable of reaching the brain.

Genetic Analysis of the TSPO Gene

A single nucleotide polymorphism (SNP) in the TSPO gene causes differential radioligand binding

In vitro studies demonstrate that PK11195 and second-generation TSPO-binding radioligands have different binding sites on the TSPO protein (59). The gene for TSPO (Ala147Thr) can have different polymorphisms, including the rs6971 SNP which significantly explains the binding affinity of second-generation TSPO PET radioligands (60, 61). The literature has therefore described a trimodal binding affinity distribution in terms of high-affinity binder (HAB), low-affinity binder (LAB), and mixed affinity binder (MAB) subjects. Because they used PK11195, which binds to a different site on TSPO, Nakatomi et al. (8) did not need to report genetic analysis of the rs6971 SNP. Practically speaking, it is unlikely that replication efforts would be confounded due to the accidental recruitment of all HAB patients and all LAB controls but this is a potential confound that must be ruled out. Therefore, all efforts to replicate and expand upon the pioneering work of Nakatomi et al. (8) should report genetic analyses.

Control Group Selection and Discriminant Validity

An important goal for the ME/CFS field is to find objective biomarkers for both symptom severity and diagnosis; TSPO as measured by PET radioligand binding is one such potential biomarker. Diagnostic biomarkers must show discriminant validity, that is (assuming for a moment that ME/CFS is one entity), they must be able to differentiate ME/CFS from other medical conditions. Nakatomi et al. (8) reported increased PK11195 signal in ME/CFS patients relative to healthy controls, as opposed to mechanistically relevant disease conditions or sedentary controls. An important consideration is that PET studies have shown increased TSPO radioligand uptake in many different neurological and psychiatric conditions, such as autism, traumatic brain injury, major depression, bipolar disorder, Parkinson's disease, chronic pain, multiple sclerosis, and schizophrenia [e.g., (62–66)]. This represents another reason to include non-healthy control groups in studies of putative ME/CFS biomarkers. Furthermore, there is some evidence from a rodent model that translocator protein radioligand uptake may be influenced by exercise (67), which is another argument for the importance of including sedentary controls in studies of ME/CFS. The use of sedentary-matched controls is an important consideration in all studies for which it is possible, not just PET scan studies.




MAGNETIC RESONANCE SPECTROSCOPY (MRS) IN NEUROINFLAMMATION


MRS Can Complement PET for Studying Neuroinflammation

PET is a highly sensitive neuroimaging method, capable of detecting very subtle biological changes that would be missed by other imaging modalities. PET is also capable of quantifying specific neuroinflammation-relevant biological targets such as TSPO. However, there are also multiple downsides to this method, some of which are not present with magnetic resonance spectroscopy (MRS), a neuroimaging technique that uses the MRI modality. Like PET, MRS is capable of measuring the concentration of specific biochemicals. We discuss the mechanisms of MRS here, followed by some of the relative advantages and disadvantages of MRS vs. PET in the study of neuroinflammation.

MRS can measure the relative concentrations of a variety of biochemicals, often referred to in the MRS literature as “metabolites.” This can be accomplished with a powerful magnet because chemicals vary in the density of electrons surrounding their nuclei. Therefore, a strong magnetic field “bounces” back from each metabolite in a signature way, and this can be measured by the MR computer: differences in the reflected magnetic fields can be converted into a readable output spectrum. MRS methods are currently capable of detecting a few dozen metabolites with known spectral properties, and MRS researchers choose from this list of metabolites when designing their analyses. After an a priori decision to focus on a particular part of the spectrum, metabolites are generally reported as a ratio (one metabolite vs. another reference metabolite) as opposed to an absolute concentration. These are among the reasons that MRS is not nearly as sensitive or specific as quantitative measurement of PET radioligand uptake, but there are also some ways in which MRS has advantages over or can complement PET when they are acquired together.

PET is somewhat invasive because PET radioligands must be injected; patient discomfort can increase if an arterial line is used for quantitative measurement. MRS, on the other hand, requires neither an injection nor radiation. Largely because PET radioligands have a short radioactivity half-life, they must be made on-site or near imaging facilities. This is a limiting factor especially for radioligands that are not yet approved for clinical use, because most hospitals with PET scanners would not have access to experimental radioligands. These are among the reasons PET studies are generally more than twice as expensive as studies using MRI-based methods such as MRS. Furthermore, due to the radiation involved in PET procedures, only a limited number of research scans per year are allowed for each participant, whereas there is no such limitation for MRI or MRS scanning. Relatedly, study recruitment can be more difficult when a protocol calls for an injection of radioligand or an A-line. A small number of facilities have access to dual MR-PET scanners, which can combine modalities in a single scanning session (68, 69). This can allow the discovery of MRS correlates to sensitive PET signal. As an example relevant to ME/CFS, in a neuroinflammatory process, one would expect both microglia and astrocytes to become activated. TSPO is produced by activated microglia but most evidence shows that it is not as strongly produced by astrocytes. MRS is capable of measuring inflammation-associated chemical changes beyond only microglial activation, including in astrocytes. With a dual MR-PET scanner, signal from MRS and TSPO-binding radioligand can be measured in the same patient at the same time, helping to better clarify the relationship between their respective neuroimaging signals.

Importance of a Priori Decisionmaking in MRS Studies

Similarly to how different colors occupy a different place along the visible light spectrum, MRS-detectable metabolites each occupy a different place along the magnetic resonance spectrum. However, unlike the human eye's ability to detect the entire visible light spectrum at once, MRS must be somewhat targeted to a limited window within the whole spectrum. If study participants were capable of spending unlimited time in a scanner, all metabolites could theoretically be measured in the entire brain but in reality, researchers must make thoughtful hypothesis-driven decisions about what spectra to measure and in which specific brain regions. If researchers are interested in testing the hypothesis of neuroinflammation in ME/CFS, these decisions should be based in the human neuroinflammation literature.

In some cases two metabolites almost overlap on the spectrum, while in other cases a given metabolite is quite distant from the others. Each of these scenarios presents a unique problem that must be considered before data acquisition begins. Two relatively “distant” metabolites like lactate and NAA cannot be captured with good resolution in the same scan sequence. On the other hand, glutamine, glutamate, and gamma-aminobutyric acid (GABA) are so close together that they can appear as a single peak in the MRS output unless that region of the spectrum is deliberately targeted. If a researcher is interested in understanding the relative contributions of glutamine, glutamate, and GABA, she must make that decision before the experiment begins and focus acquisition directly on the area of the spectrum where these metabolites exist. Furthermore, a priori decisions about which brain structure to measure are also important.

MRS spectra can be recorded from a “slice” of brain or from a single voxel (the 3-dimensional MRI analog to a “pixel”), each of which takes about 15–25 min to acquire. Slices cover more anatomy but have the disadvantage of including several different types of tissue within the same slice (i.e., white matter, gray matter, blood vessels, and ventricles/cerebrospinal fluid). This is a problem because the spectral signal represents an average over the measured area, and different types of tissue have different metabolite concentrations. Therefore, if multiple tissue types are in the same region, interpretation becomes difficult. With thoughtful placement, single voxel MRS has the ability to include only one tissue type, but only from a very tiny section of anatomy (e.g., 1mm3). The spectra recorded from slice or single voxel MRS is usually reported as a ratio of one metabolite relative to another, which can then be compared across different brain regions or in patients vs. controls.



MRS Studies in ME/CFS

Several MRS-detectable metabolites are fairly well validated proxies for inflammation, metabolism, and brain health, and are therefore of particular potential interest for studying neuroinflammation in ME/CFS. A few studies have used MRS imaging in ME/CFS (see Table 1). These studies have looked in a wide variety of brain regions, measuring a wide variety of metabolites (70, 72–79, 81). Brief descriptions of measured metabolites are listed here.



Table 1. Brief review of brain magnetic resonance spectroscopy (MRS) studies in ME/CFS.
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Choline is important in the maintenance of membrane health, and therefore is a potential marker of BBB status (82). It is considered a marker for neuroinflammation because of its relationship to glial activation and BBB permeability (33).

Creatine is a critical regulator of energy homeostasis in the brain [e.g., (83)]. It is believed to have static levels throughout the brain of healthy individuals and is therefore often used as the standard to which other metabolites are normalized (33). Creatine and phosphocreatine are close enough on the spectrum that they are usually pooled.

Gamma-amino butyric acid (GABA) is an inhibitory neurotransmitter and has been linked to reduced cognitive ability (84).

Glutamate is the primary excitatory amino acid in the nervous system, and is produced by activated glial cells. Glutamate levels vary with a number of neurological disorders (85).

Glutathione is involved in the oxidative and nitrosative stress pathways as an antioxidant (86). Oxidative damage and inflammation are generally associated with low glutathione.

Lactate is an end-product of oxidative metabolism and is therefore a potentially interesting biomarker for a metabolism-associated illness such as ME/CFS. Lactate levels in healthy brain tissue are so low as to be almost undetectable by conventional MRS at 1.5T or 3T magnet strength, but when measured in ventricular cerebrospinal fluid, elevated lactate is associated with neuroinflammation (33, 87–92).

Myo-inositol is a carbocyclic sugar residing largely in astrocytes, and is upregulated during astrocyte activation (33). This makes myo-inositol a potentially interesting complement to PET scan studies that use TSPO-binding radioligand to measure microglial activation. Myo-inositol also upregulates during myelin decay (93).

N-acetyl acetate (NAA) production occurs in the mitochondria. Because this metabolite is found in the cytoplasm of neurons, it is considered a marker of neuronal density and therefore often used as a rough marker of brain health (82). However, NAA's normal metabolic and neurochemical functions remain incompletely understood and therefore its relationship to different disease states is controversial and complicated (94).

As evident in Table 1, there is not a clear and consistent characterization of metabolite alterations in ME/CFS. This is not because of failed replication attempts, but rather due to wide a variety of experimental designs, diagnostic criteria selection, subject populations (e.g., juvenile vs. adult), comparison control groups (e.g., healthy, fibromyalgia, or anxiety disorder), brain regions examined, and metabolites targeted.

Regarding MRS metabolite targeting: change in a given metabolite is usually reported as a ratio, relative to a chosen reference baseline. For meaningful interpretation, this requires the reference metabolite (i.e., the ratio denominator) to be stable. Due to its stability in healthy individuals, creatine is the most commonly used ratio reference metabolite, and it is the most commonly used ratio reference in studies of ME/CFS (see Table 1). However, creatine may not be ideal to use in an undercharacterized condition such as ME/CFS. Use of creatine as a ratio reference in case control studies is based on the assumption that its levels will not differ between cases and controls (i.e., interpretation of numerator changes relies upon confidence that the denominator is constant). However, creatine alterations have been reported in autism (95), a condition that may have some mechanistic (and therefore metabolite) similarities with ME/CFS. Autism, like ME/CFS, is a neuroinflammation-associated condition with large sex differences in prevalence, and sensory overload symptoms. Interestingly, an MRS study found sensory sensitivity symptoms in autism to correlate with phosphocreatine abnormalities in thalamus, a brain structure central to sensory filtering and processing (96).

Thalamus is one example of a neuroinflammation-associated a priori region of interest (19) that remains relatively understudied in ME/CFS. The choices of brain regions listed in Table 1 generally do not appear to be based in neuroinflammation-specific hypotheses. Given the fact that early MRS studies of ME/CFS have largely been exploratory, this is somewhat understandable. However, given the putative importance of neuroinflammation in this condition, we believe that the ME/CFS neuroimaging field could benefit from basing a priori targeting of brain regions of interest in the newly emerging human neuroinflammation literature recently meta-analyzed by Kraynak et al. (19), and described above. One MRS study from the human neuroinflammation literature could be a particularly important guide for a priori decisions regarding target brain regions, given the field's focus on the possible importance of peripheral proinflammatory cytokine signaling.

Lessons for MRS Studies of ME/CFS FROM a Study of Inflammatory Challenge in Healthy Humans

One study reviewed by Kraynak et al. (19) was Haroon et al. (97), which investigated the brain response, as measured by MRS, to injection of peripheral proinflammatory cytokine. This type of translational research seems particularly relevant to the ME/CFS field, which has long pursued evidence of neuroinflammation driven by circulating proinflammatory cytokines.

Validating a large animal literature [e.g., (98)], newer human studies have demonstrated that exogenous proinflammatory cytokines (e.g., injected IFN-α) or other immune challenges (e.g., injected typhoid vaccine) can influence behavior and fMRI brain activity in otherwise healthy humans [e.g., (99–102)]. These papers each reported increased BOLD (blood oxygen level-dependent) response in basal ganglia and dACC after challenge. However, the specific biological basis of these BOLD response alterations was not known. A clarifying question would be if brain metabolites, as measured by MRS, were also altered by exogenous proinflammatory cytokine injection or peripheral immune challenge.

IFN-α is frequently used as a treatment for hepatitis-C, and has a fairly common side effect of inducing depressive episodes or a possibly ME/CFS-relevant neurovegetative syndrome including profound fatigue (103). In order to better understand the mechanisms behind this cytokine-induced side effect, Haroon et al. (97) used MRS to investigate the effect of IFN-α injection on basal ganglia and dACC. They recruited 31 hepatitis-C virus positive individuals, who were separated into two groups: IFN-α injection vs. no injection. Both groups were assessed at baseline and again after a month. Relative to the control group, the injection group experienced increases in subjective depression and fatigue, peripheral blood inflammatory cytokines TNF and sTNFR2, and increased MRS signal for glutamate in the dACC and the left basal ganglia. No statistically significant correlations were found between brain MRS signal and inflammatory cytokines circulating in blood. Unfortunately, the authors did not report brainstem results and did not conduct brainstem-specific analysis. Based on this study and the Kraynak et al. (19) meta-analysis, basal ganglia and dACC are attractive a priori regions of interest in brain scan studies interested in using MRS scans to examine neuroinflammation-related changes in ME/CFS patients vs. matched controls.




PERIPHERAL CYTOKINES IN ME/CFS

Brain scans are expensive and require many hours of analysis before they are interpretable. Therefore, the discovery of a cheap, easy-to-obtain biomarker from peripheral blood would be an attractive alternative. One common blood measure in ME/CFS studies are cytokines, a broad class of inflammation-related signaling molecules comprising interferon (IFN), tumor necrosis factors (TNF), chemokines, lymphokines, and, most commonly, interleukins (IL). The ME/CFS field has pursued cytokine research in the hopes of finding a blood test that is capable of diagnosing or measuring symptom severity. Blundell et al. (104) recently reviewed this cytokine literature and explained their motivation: “Here we focus on circulating cytokines and we seek to determine whether a pro-inflammatory circulating cytokine profile exists in patients with CFS in comparison to controls and how this cytokine profile differs from controls following stimulation such as exercise.” Thus, a consistent and replicable “cytokine profile” would be a diagnostic biomarker, and further, would be evidence for an inflammatory process at the root of ME/CFS pathophysiology. However, at the conclusion of their literature review, the authors reported that they did not find a consistent “cytokine profile” in ME/CFS. In this section, we will make the argument that a lack of consistent “cytokine profile” is an inevitable result of 1) the way that cytokines actually function biologically and 2) the methods used to measure cytokines. We end with recommendations that will hopefully allow more meaningful comparisons in the future.


Biological Mechanisms Limit the Value of Peripheral Blood Cytokines as a Stable Biomarker

Cytokines are a communication factor released by activated innate immune cells such as macrophages and mast cells in the periphery, as well as glia and endothelial cells on the brain side of the BBB. This cytokine signaling is a key component of the sickness response (22, 98), which has symptoms that overlap with key ME/CFS symptoms (15). Relatedly, cytokines are a key component of neuroinflammation; one of the key ways peripheral inflammation triggers neuroinflammation is when the vagus nerve detects peripheral cytokines [e.g., (105, 106)]. Thus, cytokines are a class of molecule that, at first blush, seem to hold promise as a potential peripheral biomarker for neuroinflammation in ME/CFS. However, the way that cytokines actually function mechanistically tarnishes some of this promise.

The core problem with looking for cytokines in peripheral blood is that cytokines generally do not function as endocrine signalers, but are rather normally autocrine and paracrine signalers (see Box 1). In other words, cytokines do not function by flowing through blood (where many studies hope to measure them due to easy access) but rather by acting locally, directly in the vicinity of infection or injury. Cytokines do not need to function as circulating endocrine molecules to drive subjective sickness symptoms because they can be detected by the sensitive and highly branched afferent vagus nerve, which communicates their presence to the brain via brainstem and triggers neuroinflammation and sickness responses (15, 105, 106). A large neuroimmunology literature consistently concludes that cytokines do not have to be detectable in the periphery in order to have an effect on sickness-related symptoms. For example, Campisi et al. (107) stated, “Elevated levels of circulating cytokines and endotoxin are not necessary for the activation of the sickness or corticosterone response.” Another fact of cytokine biology that makes a stable, predictable blood profile difficult is that cytokine-cytokine interactions are in constant dynamic flux and are exquisitely complicated (108), and their levels can be affected by a huge number of variables (reviewed below). Furthermore, as relatively large, lipophobic, polypeptide protein molecules, cytokines generally do not easily diffuse across an intact BBB and thus, circulating levels do not accurately reflect brain cytokine levels. Therefore, a peripheral cytokine profile may not be meaningful in informing any existing central nervous system cytokine profile. This general point is made by many papers in the cytokine methods literature: there is limited ability for a putative “cytokine profile” to inform underlying disease processes.


Box 1.

“The measurement of circulating concentrations of cytokines represents the main limitation of the present studies on fatigue and inflammation. Given that cytokines are autocrine and paracrine communication factors, their circulating levels have little functional value and represent mostly spillover from the site of cytokine production and action. Alternative strategies are available. These are based on in vitro measurements of cytokines produced by peripheral blood mononuclear cells or specific immune cell populations in response to well-identified immune stimuli” Dantzer et al. (224). The Neuroimmune Basis of Fatigue. Trends in Neuroscience, 37.



Despite the limited value of measuring blood cytokine levels in understanding pathophysiology and neuroinflammation, blood cytokine levels are used as a dependent variable in many ME/CFS studies, probably due to ease of collection. The cytokine methods literature emphasizes the need for optimization and standardization of collection, storage, and assay methods, but these factors have varied widely in ME/CFS cytokine studies. For this reason, previous studies of peripheral cytokines in ME/CFS cannot be meaningfully compared as Blundell et al. (104) set out to do.



Cytokine Studies in ME/CFS as Reviewed by Blundell et al. 2015 (104)

The limitations of ME/CFS cytokine studies can be seen in the recent literature review by Blundell et al. (104), which aimed to “determine if a pro-inflammatory circulating cytokine profile exists in ME/CFS patients relative to controls.” Here we give a brief overview of the Blundell et al. review, and then we detail the assay methodology used in the ME/CFS cytokine literature, using the studies from the Blundell et al. review and studies published since then (see Table A1).

Blundell et al. (104) published a systematic review but were not able to conduct a conventional meta-analysis due to dissimilarities among reviewed studies. The authors began with a quality assessment, finding that 14 out of 38 reviewed studies were of poor quality due to failure to control for one or more items on a list of confounding factors that can influence cytokine levels: age, subject activity level, BMI, gender, menstrual cycle stage, comorbid diseases, antidepressant use, or diurnal variation. However, beyond those confounds, the study designs differ so much that any comparison may not be meaningful (e.g., comparing sleeping patients to exercising patients).

Despite the lack of consistent study design, the authors concluded that there is “little or no evidence to support the hypothesis that proinflammatory circulating cytokines are raised in CFS” (104). They reasoned that a failure to find consistent results across studies could be due to heterogeneity in the ME/CFS population, or due to the local rather than systemic role of cytokines in ME/CFS. While these are reasonable explanations, we would argue that the reviewed studies show such inconsistencies in cytokine measurement methods that consistent findings would be impossible even if they shared comparable research designs.

Blundell et al. (104) briefly noted the different assay types (i.e., bioassay vs. immunoassay) and sample matrices (i.e., serum vs. plasma) across studies. However, beyond these two measurement issues (and the short list of potential confounds mentioned above), a large cytokine methods literature demonstrates a staggering number of potential confounds in the measure of cytokines, with potential problems arising at every step of the way. Here, we describe the importance of additional factors in the collection, handling and processing, storage, and assaying of cytokines (detailed in Table A1).



Methodological Confounds That Must Be Considered Before Comparing Cytokine Studies

The biological mechanisms of cytokines make a consistent and stable circulating profile unlikely, which limits the ability of peripheral cytokines to provide insight into underlying pathophysiology in ME/CFS. Therefore, a peripheral cytokine profile is unlikely to be a feasible and useful biomarker. In addition to these biological factors, there are many methodological problems.

• Even if cytokines were meaningful peripheral biomarkers: Blood cannot be compared to cerebrospinal fluid

• Even within blood sampling: Venous and arterial blood samples cannot be compared

• Even if blood sampling methods were equal: Plasma, serum, and PBMC sample matrices cannot be compared

• Even if ME/CFS researchers use a consistent sample matrix: Bioassay, ELISA, and multiplex assay results cannot be compared, even across kits of the same assay type

• Even if ME/CFS researchers standardize their methods: The same exact lab, personnel, and protocol will likely get different results from the same manufacturer's kit

The relevant details of methods used in previous studies of cytokines in ME/CFS are listed in Table A1. Importantly, this table adds to the number of factors that were listed by Blundell et al. (104) to clearly display the widespread variance of cytokine methodology in the ME/CFS literature. The intention of this section is to show that (1) currently-existing studies in the ME/CFS cytokine literature cannot be meaningfully compared due to differences in methods and (2) the ME/CFS field must consider the mechanisms of cytokines and establish some consistency in methods for any role of cytokines in ME/CFS to be elucidated.

Blood Cannot Be Compared to Cerebrospinal Fluid

Choosing between blood and cerebrospinal fluid is the first point of potential variability in attempts to identify a cytokine profile, as the concentrations of various cytokines are not necessarily equivalent across body fluid sample types. Most ME/CFS studies have analyzed cytokines from peripheral blood samples (see Table A1). Less frequently, others have analyzed cytokines from cerebrospinal fluid (118, 127, 167, 168). In addition to many examples of this phenomenon in the rodent literature [e.g., (169–171)], human studies have also demonstrated that cytokine concentration in cerebrospinal fluid vs. blood can differ, with some examples showing a positive correlation, some showing lack of correlation, and some showing anticorrelation [e.g., (172–176)]. Because the presence of cytokines usually reflects local rather than systemic conditions (see Box 1), measuring cytokines from the cerebrospinal fluid is a more direct representation of the central nervous system environment than from peripheral blood. Therefore, for studies interested in ME/CFS neuroinflammation, cerebrospinal fluid sampling is more likely to be useful. However, because cytokines are locally-acting paracrine and autocrine factors, one cannot assume that a sample of cerebrospinal fluid taken during a lumbar puncture spinal tap accurately reflects the entirety of the central nervous system cerebrospinal fluid. For example, Milligan et al. (169) reported IL-1 detection in cerebrospinal fluid samples taken from the lumbosacral region but not from the cervical region.

Venous and Arterial Blood Samples Cannot Be Compared

Because they are produced and removed in local tissues, cytokines differ in concentration between venous blood samples (which have been filtered through organs and tissues) and arterial blood samples [taken before that filtration; (177)]. Additionally, there is a difference between blood samples taken from an indwelling cannula and a single needle stick. An indwelling cannula causes an immune response that can alter local cytokine production, and thus the resulting cytokine measurements may reflect local artifact rather than systemic change in concentrations (178). These are important factors to consider when designing and interpreting cytokine studies.

Plasma, Serum, and PBMC Sample Matrices Cannot Be Compared

When using peripheral blood samples, assays can be conducted on different sample matrices: whole blood, plasma, peripheral blood mononuclear cell (PBMC) isolate, or serum.

Whole blood can be:

• Collected into a tube with anticoagulants and then centrifuged. The resulting layers allow separation of plasma and of PBMCs.

• Collected into a tube without any additives and then centrifuged. After clotting factors are removed, the resulting liquid is serum.

During the processes required to make plasma or serum from blood, cells in the blood secrete inflammatory mediators that can alter cytokine measurements. For example, plasma preparation involves the removal of many proteins (e.g., fibrinogen), including the direct removal of circulating cytokines, obviously altering sample cytokine levels (179). During the coagulation process necessary for serum isolation, platelets release vascular endothelial growth factor, which can significantly alter cytokine levels (180). These are among the reasons that any attempt to compare cytokine levels across studies must take type of sample matrix into account.

Many other variables during sample handling and processing can affect cytokine levels in the sample matrix, including glass vs. plastic vials, type of anticoagulant (e.g., heparin, citrate, or EDTA), and centrifugation speed (180). Many studies in the ME/CFS cytokine literature differ in these details, limiting their comparability. Perhaps the most important methodological details involve time and temperature. Because both rapid degradation and de novo production of cytokines and other proteins occur inside of sample tubes (177, 181), without fast and careful processing, cytokine measurements may reflect processes that happened inside of a sample tube and not what happened in the bodies of study participants. While there is no way to completely avoid these confounds (182), these processes are greatly curtailed at −80°C but not at −20°C, meaning handling speed and storage temperature are crucial. The studies reviewed in Blundell et al. (104) ranged from immediate to 4 h between collection and plasma/serum separation, with many not reporting timing. Furthermore, 25 out of 57 studies in the ME/CFS cytokine literature either stored samples at −20°C or failed to report storage temperature at all (see Table A1). Thus, methodological details such as tubes, anticoagulants, centrifugation, and delays in processing are likely sources of type 2 error in the ME/CFS cytokine literature and limit the comparability across studies.

Bioassay, ELISA, and Multiplex Assay Results Cannot Be Compared, Even Across Kits of the Same Assay Type

After cytokine study samples have been collected, processed, and stored, they must be assayed. The assay methods for cytokine measurement have evolved over the past decades, and that evolution explains some current priorities in ME/CFS research. Bioassays are a form of assay that utilizes the biological activity of its target analyte to measure its concentration, while both enzyme-linked-immunosorbent assay (ELISA) and multiplex are immunoassays that usually use tagged antibodies. ELISA is the most commonly used method in ME/CFS (in the ME/CFS literature, all cytokine studies before 2007 were performed using bioassay or ELISA methods), but multiplex are becoming more common. ELISA formats are singleplex, meaning they characterize a single analyte (i.e., a single cytokine) while newer multiplex assays can measure many at the same time. Historically, ELISA is considered the gold standard because each kit can optimize sensitivity and specificity for the single specific cytokine being measured, and optimize for an expected concentration range (177).

Multiplex immunoassay methods are a more recent development, allowing for a larger number of cytokines (i.e., from 2 to 100+) to be characterized in the same assay. This is a seemingly-appealing option with the potential for identifying a putative cytokine profile in a complex multivariable disease, such as ME/CFS, that likely cannot be characterized by a single cytokine or other analyte. The ME/CFS literature has followed the advancing technology, generally shifting to multiplex. However, multiplex sacrifices quality for quantity. Because all cytokines are measured in the same multiplex kit well, there is inevitably cross-reactivity among the antibodies, and non-specificity with other non-cytokine proteins in the sample. Each manufacturer could theoretically optimize a select number of cytokines, but not all of them (e.g., the most sensitive and specific antibody for a given cytokine would have to be replaced by another antibody that is less cross-reactive). Companies also continuously develop new, revamped kits that cannot necessarily be compared to previous versions manufactured by the same company. In other words, one manufacturer's newest multiplex kit model may be particularly good at measuring IL-1β and bad at measuring TNF-α, while the inverse is true for that manufacturer's previous model, or another manufacturer's newest kit model. Furthermore, there can be a large range of concentrations among various cytokines in a given sample, and multiplex kits are unable to maximize sensitivity across that range. Therefore, a given kit may be relatively good at measuring high concentrations of IL-1β but lack sensitivity at lower levels. These forms of variance are true across the scores of cytokines each manufacturer advertises an ability to measure.

Currently, there are no standardized regulatory guidelines for the quality and validity of multiplex assays (183). Concordance between ELISA and multiplex varies widely and is especially poor if plasma or serum is used (179, 184); these are the most common sample types in ME/CFS, meaning ME/CFS studies using ELISA cannot be meaningfully compared to those using multiplex. Until multiplex methods are standardized, the best-case (but impractical) scenario for a researcher interested in 20 specific cytokines would be using 20 separate ELISA kits as opposed to using a 20-cytokine multiplex kit. However, absolute cytokine concentrations would not be comparable across studies if different researchers were to use kits from different manufacturers (185, 186). This is exactly what has happened in the ME/CFS literature, where many different kit manufacturers have been used (see Table A1). Cross-manufacturer differences in reported absolute values of cytokines occur because they are completely dependent on the standard curves from each kit, and studies have shown significant variation in standard curves across different manufacturers (185, 186). Taking all variables into account, it is unsurprising that many studies have found profound differences in absolute cytokine levels across manufacturers and kits, even when compared on the same sample (186–191). This clearly limits the ability for different studies in the ME/CFS cytokine literature to be compared.

Table A1 lists the various manufacturers and kit models used in the ME/CFS cytokine literature. Blundell et al. (104) correctly identified the importance of bioassay vs. immunoassay for a single cytokine (TGF-β), but this distinction was not made for any other cytokine. Furthermore, the distinction was not made between ELISA and multiplex immunoassays, nor was manufacturer or kit model taken into account for any cytokine. These details introduce enough variance as to make any attempted comparison of absolute cytokine concentrations in the ME/CFS literature indecipherable. A seemingly reasonable solution would be for all research groups to use the same assay kit model from the same manufacturer. However, we believe that peripheral cytokines are a fundamentally noisy variable and that this fact must be taken into account when considering the implications of any cytokine study.

The Same Exact Lab, Personnel, and Protocol Will Likely Get Different Results From the Same Manufacturer's Kit

Assuming that there actually is a predictable, consistent peripheral “cytokine profile” in a complex illness such as ME/CFS, one potential solution to some of the above-described issues is if a single lab were to use the exact same techniques, equipment, and procedures across multiple studies, or if different labs standardized these procedures. However, empirical evidence shows that this is not the case. An experienced immunology lab, led by a PI with decades of experience and over 100 publications, conducted a within- and between-lab comparison study. Breen et al. (188) compared the ability of four multiplex kits to detect 13 cytokines in human plasma and serum. The four kits were tested on the same sample across six different laboratories and across multiple lots of the same kit. Their results showed a large amount of variance both within the same lab and across multiple labs. While all 13 cytokines were detected by at least one kit, none of the kits were able to detect all 13 cytokines. Additionally, their results alarmingly indicate that each cytokine within each multiplex kit had at least one significant lab and/or lot effect. In other words, measuring the same sample twice with the same kit in the same laboratory following the same strict protocol yielded significant differences in absolute cytokine values (Figure 2).


[image: image]

FIGURE 2. Breen et al. (188) conducted an experiment to test whether widely-used cytokine assays yield consistent results for 13 different cytokines. The same laboratories ran four different multiplex cytokine assay kits more than once on the same serum samples. Black and white bars represent assay kit data from different lots. Bars indicate percentage of serum samples (n = 36) with detectable levels of the indicated cytokine. A-F denote the six different labs in which the assays were conducted. NI: cytokines not included in each kit. Figure reproduced from Breen et al. (188). Reproduced with permission from American Society for Microbiology.



However, the results of the comparison demonstrated that while each of the kits varied in their sensitivity to detect the absolute concentration of cytokines, the kits detected similar cytokine patterns (relative concentrations, as opposed to absolute concentration). These findings contribute to our recommendation that cytokine assays are best suited to measuring relative changes in cytokine concentrations in a within-subject study design, rather than comparing absolute concentrations across groups (described below).



Cytokines Can Be Highly Influenced by Individual Behavior

A final note of warning against overinterpreting studies of peripheral cytokines is that study participants can contribute noise in myriad ways. Factors that can significantly affect circulating cytokine levels within an individual include: time of day (192–194), status of alcohol, nicotine, or other drug use (195–201), quality and amount of sleep (202), acute and chronic stress (203), acute and chronic fitness habits specific to type of exercise (204–206), sex (207, 208), phase of menstrual cycle (209, 210), age (211), chronic dietary patterns (212), and acute differences immediately following a meal (213, 214). Thus, even eating a spicy burrito with extra guacamole the day of sample collection will result in a different cytokine profile than eating Indian food or a slice of chocolate cake. A research participant adding sour cream to the mashed potatoes they had for lunch will alter their cytokine profile. Capsaicin, the main source of heat in hot peppers, alters levels of IL-6, IL-10, TNFα, NOx, and MDA (215), and the natural sugars in avocado alter gene expression of IL-1α, IL-6, and IL-8 (216, 217). The bacteria used in dairy (i.e., the sour cream on the mashed potatoes) increase IL-1β, TNFα, and IFNγ (218, 219). Cumin, a spice commonly used in Indian cuisine, reduces expression of inflammatory cytokines CXL-1 and−2, TNFα, IL-1β, IL-6, and IL-18 (220, 221). Chocolate increases IL-10 and IL-1β (222). Clearly, cytokines can be affected by a huge number of variables unrelated to disease.

This type of variance, driven by individual behaviors, could be reasonably well explained in a single study using a within-subjects design. However, it can prevent comparability across studies that use different designs. For example, a study that collects blood samples during fasting cannot be compared to studies of non-fasting individuals undergoing exercise challenge. This type of variability in study design is widespread in the ME/CFS cytokine literature (see Table A1).



Are Peripheral Circulating Cytokines Useful at All?

Given how cytokines work biologically, we do not believe that a consistent and stable proinflammatory circulating cytokine profile exists in patients with ME/CFS in comparison to controls, nor do we believe that finding such a profile is a realistic goal. Cytokines do not normally function as circulating endocrine molecules, and their presence in the periphery mostly represents spillover from their actual site of action. This biology also limits the value of any peripheral cytokine profile in elucidating the underlying pathophysiology of ME/CFS or any other chronic inflammatory condition. Cytokine measurement in the periphery is beset by innumerable confounds: biological, methodological, and behavioral. Detailed reporting of methods will help inform comparability across studies, while study designs with within-subjects measurements across multiple timepoints can help explain some of the behavioral variance.

We would argue that the most effective way to use peripheral cytokines in the characterization of ME/CFS patients is through within-subject or mixed-model challenge study designs (e.g., measuring before and after an exercise challenge, with BMI- and daily activity-matched controls). In such a study, cytokine levels would be most meaningful as a complementary measure, as opposed to a primary outcome measure. For example, cerebrospinal fluid could be sampled at both timepoints in a study measuring cognitive performance at baseline and during post-exercise symptom provocation. In such an example, if cognitive performance negatively correlates with a general increase in proinflammatory cytokines, this is indirect evidence that neuroinflammation is part of “brain fog.” This approach moves the focus of cytokine studies away from whether a distinct cytokine profile exists in ME/CFS patients, and toward the use of cytokines for understanding the mechanisms of key symptoms.




CONCLUSION

The above review focused on neuroinflammation and the methods used to measure it. We argued for the importance of anchoring methodological details in known biological mechanisms and existing research literature.

The ME/CFS research field has been stuck in a somewhat defensive posture, with a focus on demonstrating “this is a real condition” by showing significant biological differences between patients and controls. We believe this has led to a situation in which too much is made of the specifics reported by descriptive studies (such as the average “cytokine profile” present in cases vs. controls at the moment of assay) and not enough emphasis has been placed on potential mechanisms driving symptoms. The field is ready to move past proving “this is a real condition” and to start elucidating the specific relationship of ME/CFS symptoms to neuroinflammation.

Moving past a defensive posture and toward understanding pathophysiology requires careful focus on research methods. In designing a study, a goal of ME/CFS researchers should be to determine if a significant result can actually inform disease mechanisms, or if it is simply a reportable difference between patients and controls. For example, a PET study of TSPO binding may find differences between patients and controls when using a cerebellum reference, and this holds some value for the “this is a real condition” argument. But because of the difficulty in interpretation, such a study is less valuable for discerning actual pathophysiology.

In consideration of neuroinflammation-related mechanisms and research methods, the following recommendations emerge:

• The relationship of ME/CFS to neuroinflammation is a fundamental question that needs to be directly addressed from multiple research angles.

• The existing neuroinflammation basic science literature should serve as a guide for choosing ROIs in ME/CFS brain scan studies.

• ME/CFS causes changes to patients' lives that could accidentally be explaining some study results (i.e., sedentary lifestyle or diet can affect cytokines). This makes careful selection of control groups particularly important.

• Cytokines seem attractive because they are easy to collect and measure, but are a very noisy variable and the specific findings of any given study should not be overinterpreted.

• Some methodological details are so fundamental (e.g., brainstem registration, or selection of a “baseline” reference brain region or metabolite, or choosing between blood serum and cerebrospinal fluid) that they can be completely responsible for a study's results or lack thereof.
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A Corrigendum on
 Neuroinflammation and Cytokines in Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS): A Critical Review of Research Methods

by VanElzakker, M. B., Brumfield, S. A., and Lara Mejia, P. S. (2019). Front. Neurol. 9:1033. doi: 10.3389/fneur.2018.01033



In the original article, there was a mistake in Appendix Table A1, Cytokine studies of ME/CFS as published. In the “Montoya et al. (2017)” row, the words “and plasma” should have been removed from the “Sample matrix” column as only the serum was analyzed. The words “kit not specified” from the “Kits” column should also be removed. The specific model/catalog number of their 51-multiplex array was not specified, but the table's wording could be misinterpreted because Montoya et al. (2017) specified other assay details.



Table A1. Cytokine studies of ME/CFS.
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The corrected Table A1, Cytokine studies of ME/CFS appears below.

The authors apologize for this error and state that this does not change the scientific conclusions of the article in any way. The original table in the article has been updated.
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Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a disabling disease characterized by unexplained incapacitating fatigue, accompanied by variable multi-systemic symptoms. ME/CFS causes a significant personal and public health burden, and urgently requires the coordination of research efforts to investigate its etiology and pathophysiology and to develop and validate sensitive and specific biomarkers to confirm diagnosis. This narrative paper describes how people with ME/CFS, together with a multidisciplinary team of researchers, have established the UK ME/CFS Biobank (UKMEB), a unique research infrastructure specifically designed to expedite biomedical research into ME/CFS. We describe the journey that led to its conceptualization and operation, and how the resource has served as a model disease-specific biobank, aggregating human biospecimens alongside comprehensive health information on participants. The UKMEB currently has data and samples from 600 donors including people with ME/CFS and a comparison group with multiple sclerosis and healthy controls. A longitudinal sub-cohort has been established of participants having follow-up assessments at multiple time-points. As an open resource for quality and ethical research into ME/CFS, biological samples and data have not only been analyzed within our research team but have also been shared with researchers across Europe, America and the Middle East. We continue to encourage researchers from academic and commercial sectors to access the UKMEB. Major steps have been taken and challenges remain; these include sustainability and expansion, and harmonization of processes to facilitate integration with other bioresources and databanks internationally.

Keywords: ME/CFS, research infrastructure, biobank, partnership, patient engagement PE


INTRODUCTION

This paper describes a journey, beginning with extensive conversations between medical researchers, people with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), their carers, ME charities, and a multidisciplinary team of professional experts, and continuing with the establishment and operation of the UK ME/CFS Biobank (UKMEB) (1).

The UKMEB is, to our knowledge, the only biorepository in the United Kingdom, and one of few worldwide, dedicated to the study of ME/CFS. Such disease-specific biobanks hold high quality anonymised samples enriched by comprehensive datasets with information about the donors, all appropriately and securely stored until required for use in research. We delineate the progress our team have achieved and the remaining challenges that need to be addressed in order for the UKMEB to be able to realize its full potential.

Using a combination of qualitative methods (1, 2), we carried out extensive consultations with people with ME/CFS (PWME), a multidisciplinary group of experts in tissue banking, ethics and law, and clinicians and researchers with expertise in ME/CFS. The resultant unanimous view was that a disease-specific biobank would be a highly desirable way to enhance biomedical research in ME/CFS. In the safety of the participatory environment, PWME were able to express their justifiable concern that, in the absence of biomarkers, their illness is frequently dismissed as trivial or psychosocial (3–5), even though many are more debilitated by their disease than people with other chronic and severe diseases such as cancer and rheumatoid arthritis (6, 7). PWME told us that they would be willing to donate tissues, including blood, oral fluid and urine for research, as part of a process centered on the needs and priorities of those with ME/CFS (1). They believed that an ME/CFS Biobank would be feasible and cost-effective, and that its implementation would strengthen and further ME/CFS research.



FEATURES OF THE UKMEB PROTOCOL

The input from both PWME and the multidisciplinary group led to the development of a robust protocol, incorporating recommendations, which included:

• Comprehensive patient phenotyping and depth of any information provided by biobank donors;

• The use of rigorous standards for data and sample collection, processing, and storage;

• The inclusion of patients who are “severely affected, including those that are bed-ridden” (quote from a person with ME/CFS during focus-groups discussions); and

• The inclusion of control or comparison group(s).

Participants of the UKMEB were recruited through the National Health Services (NHS) general practices (GPs) and specialist services with support from the clinical and research networks of the National Institute of Health Research (NIHR). Those with ME/CFS required a previous medical diagnosis of ME/CFS and those with MS a previous diagnosis given by a NHS consultant. Healthy controls were also recruited through GP practices, other participants' contacts and higher education institutes.

The UKMEB received ethical approval from the London School of Hygiene & Tropical Medicine (LSHTM) Ethics Committee (ref. 6123), the National Research Ethics Service (NRES) London-Bloomsbury Research Ethics Committee (REC; ref. 11/LO/1760, IRAS ID: 77765), and the NHS Research Governance and Developments Offices (R&D), which oversee the recruitment of research participants from government health services. LSHTM and UCL-RFH Biobank hold Human Tissue Act licenses—HTA-12066 and HTA-11016, respectively.

Possible barriers to participation in a potential biobank resource were also discussed, and were mostly related to concerns with the misuse of the resource:

“if you're trying to get as much people as you can, they are afraid of what you're going to do, whether the government would get a hold of it, whether the insurance companies could use it, or whether benefit agencies would use it” (quote from a person with ME/CFS during focus-groups discussions).

It was agreed that such misuse could be avoided by the implementation of robust ethical standards, which is reflected in the UKMEB mission statement that reads—“The UKMEB is to conduct high quality, ethical investigations into ME/CFS and to create an open resource to enable translational research for the clinical and biomedical understanding of the illness while fostering cooperation and collaboration between researchers and thereby enhancing the opportunity for breakthrough discoveries.”

Other key aspects of the final protocol informed by PWME together with experts include:


Control Groups

In addition to ME/CFS cases of different severities, we have recruited donors who serve as healthy controls; these individuals are grouped matched by age and sex and have no history of fatigue or fatigue-causing diseases, including cancer, hepatitis B or C, major depression or psychiatric illness, obesity, and diabetes. We also recruited people with Multiple Sclerosis (MS)—who often experience chronic fatigue as a major symptom—for a disease comparison group.



Clinical Phenotyping

Detailed questioning of potential participants with ME/CFS enables their disease to be classified according to different case definitions. To be accepted as a participant with ME/CFS, potential donors must meet either the Canadian Consensus Criteria (8) or CDC-1994 criteria (9); many fulfill both. The assessment process for compliance with study criteria includes baseline questionnaires about symptoms, a clinical assessment performed by a clinical member of the research team, and urinalysis screening and baseline blood tests, which are used to exclude alternative diagnoses.

In some association studies bias can be minimized by using samples from participants who meet at least both sets of criteria (10).

Extensive data collection together with the results of molecular analyses facilitates disease stratification, which aims to identify subgroups of patients with distinct mechanisms of disease (or other features), which may require quite different treatment approaches. Initial sub-grouping can be based on readily available variables obtained from patient questionnaires, examples of which include age, sex, type of disease onset (e.g., sudden or gradual; post-infection or not), co-morbidities, clinical severity, and disease phase and duration. The “Participant Phenotyping Questionnaire” completed by all UKMEB participants has been used to characterize individuals according to the presence and severity of seven groups of symptoms (or symptom clusters), which are largely based on the Canadian Consensus Criteria (8). Table 1 compares study groups according to some of these variables, including general indicators of disease severity and the severity of symptoms related to each of the clusters described. For the latter, the scores are obtained from the severity of individual symptoms, each expressed as a value from 0 to 3; scores from each symptom within the cluster are added together, resulting in the cluster score, which is adjusted on a scale from 0 to 100, where “0” represents no symptoms and “100” symptoms experienced with maximum severity. For example, the severity of post-exertion malaise symptoms is highest in the severely affected cases of ME/CFS (median = 80), also high in those with mild/moderate disease (median = 67), and modest in people with MS (median = 27).



Table 1. Characteristics of cases (both mild/moderately affected and severely affected) and controls (healthy controls and MS diseased controls) within UKMEB, with cases of ME/CFS defined using a combination of three diagnostic criteria: CDC-1994, CCC, and IOM.
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Inclusion of the Severely Affected

The systematic inclusion of participants with very severe ME/CFS for research purposes is, we believe, unique to the UK ME/CFS Biobank. This patient group usually has poor access to services and has often been excluded from research studies, not only because they are home- or bed-bound, but also because PWME often disengage from statutory medical services when they encounter skepticism or when the treatment offered is of limited value. Reaching them involves complex logistic and economic considerations.

“Arranging to see these extremely ill participants presents its own challenges, including the timing of appointments and the length of time that it may take to clinically assess participants, whose every move can take an enormous effort and for whom the process can require days of preparation and weeks of recovery time. Any external stimuli including touch, light and sound can exacerbate symptoms, so strategies must be undertaken to reduce the impact on participants. Certain clinical assessment procedures may not be feasible and blood samples are sometimes taken with the light from a torch in a darkened room. Nonetheless, the materials generated by these severely affected participants could provide crucial insight into the pathology of the disease, as they may present with exaggerated biochemical and/or immunological changes.” (Quote from CK (co-author) on the task of the Research Nurse)



Longitudinal Data and Samples

Through the systematic longitudinal collection of clinical data and blood samples, it is possible to investigate associations between clinical characteristics and changes in disease severity over time, as well as in a range of molecular markers, e.g., immune and genetic expression phenotypes.

We employ several validated measures of disease severity (11), while acknowledging the need for further development of ME/CFS-specific outcome measures. For example, patient-based assessments of disease impact or severity, such as the SF-36v2TM, have been used in a variety of clinical settings and are monitored in clinical research to add to our understanding of disease severity, treatment outcomes, and therapeutic response (12). Changes between baseline and follow-up assessment-points can be compared with differences in biomarkers to help characterize clinical phenotypes. By using the suggested minimally important difference (MID) in SF-36v2TM normalized scores, e.g., of ±4.7 points for the Physical Component Summary (PCS) and ±5.8 points for the Mental Component Summary (MCS), it is possible to ascertain improvement or worsening of scores with 95% confidence (12).

Figure 1 shows that <50% of the PWME demonstrated significant changes in these indicators from baseline to subsequent assessment. If there are persistent trends toward improvement or deterioration in repeated assessments, these may reflect disease progress or pathophysiological changes that may differ from those related to a fluctuation of symptoms.


[image: image]

FIGURE 1. Longitudinal changes in SF-36v2TM Component Summary scores, in people with ME/CFS who participate in the UK ME/CFS Biobank, between baseline and first follow-up*. *First follow up occurred between 6 and 12 months from baseline, Y-axis represents difference in scores between first follow-up assessment and baseline assessment; positive values indicate scores are higher at follow-up assessment, and therefore represent improvement. PCS, Normalized Physical Component Summary scores from SF-36v2TM; MCS, Normalized Mental Component Summary score from SF-36v2TM.






UKMEB POTENTIAL: CURRENT STATUS AND ENHANCING RESEARCH


Resource Sharing

Between 2013 and 2017, biological samples alongside questionnaire and clinical data were collected from 600 participants (including 350 PWME), forming an extensive dataset. A second round of data collection took place 6–12 months after recruitment, with 140 PWME and 130 controls followed-up after baseline. From 2018 to 2020, a further 650 participants are planned to be seen at least once and a subset of 110 PWME to be seen on at least four occasions (and up to six), creating robust data that enables powerful longitudinal analyses.

The UKMEB currently holds over 35,000 aliquots of blood derivatives. Blood taken from each participant is processed to produce seven different types appropriate to the expected end use of the samples and suitable for a wide range of assays. After fractioning, an average of 46 aliquots is stored following each participant-contact as follows: serum (n = 10), plasma (processed from sodium heparin vacutainers n = 7, and from EDTA vacutainers n = 3), peripheral blood mononuclear cells (PBMCs) (processed from sodium heparin vacutainers n = 17, and from EDTA vacutainers n = 3), whole blood (n = 4), and RNA (n = 1–2). Additionally, for each participant contact, the UKMEB stores red blood cells/granulocyte pellet (n = 1), and PAXGENE tubes (n = 1–2).

Some of these are available to researchers at the LSHTM, the home of the UKMEB team, contributing to their ongoing projects in immunology, genomics, transcriptomics, virology, and clinical research. The rest of the samples are stored for the use of researchers from the academic and commercial sectors in biomedical research, following an established protocol for the release of samples, subject to ethical review and an approved, peer-reviewed application https://cureme.lshtm.ac.uk/researchers/accessing-the-biobank/.

Biobanks facilitate the sharing of biological samples and data in a cost- and time-effective way over many years (13). The cost savings to researchers vary depending on multiple factors, such as the type and size of the study, but have been estimated to provide a 90% saving (14). These are in addition to significant time savings in selection, recruitment, and data and sample acquisition. This centralization of data and samples creates economies of scale, enabling and accelerating research.

In May 2016, the UKMEB opened to external researchers, who are able to apply for access to samples and data. Academic, non-commercial, and commercial researchers have since been eligible to apply to use the Biobank, when the proposed study has a sound scientific rationale and all ethical permissions are in place. Priority of research applications is given to studies testing or generating new hypotheses on the pathophysiology of ME/CFS, improving diagnosis and phenotyping, or in basic science (e.g., pharmacological in vitro studies potentially leading to clinical trials on therapeutic approaches).

The procedures for this access to data and samples, approved by the UKMEB Biobank Steering Committee, a multidisciplinary body comprising PWME, carers, researchers, and clinicians, include: (i) a review of outline proposals by Steering Committee members, (ii) a peer review of full proposals, (iii) ethical approval by the UCL-RFH ethics committee (BERC), and (iv) Data and/or Material Transfer Agreements (DTA and/or MTA). All proposals must also receive ethical approval from their local ethics committee.

Since the UK ME/CFS Biobank opened its doors, it has received applications from institutions in the UK and other European countries, North and South America, and the Middle East - encompassing diverse research topics including immunology, metabolomics, genetics, transcriptomics, and microbiology.



Sustainability

The UKMEB has relied on support from charities and has benefited from research grants, which have helped with recruitment, sample acquisition, data entry, and storage. This funding has supported core infrastructure, but only for the time period in which projects were taking place. To survive and thrive in the long term, plans were made for the continuing storage of samples and data, and particularly for the release of samples to external researchers. This necessitated the creation of a UKMEB Business Plan, which evolved with input from the Steering Committee.

A fee structure was calculated and agreed upon - fees are requested from biobank users on a cost-reimbursement basis, so that sample stores can be replenished in the future and, where possible, additional recruitment or follow-up can be facilitated.

The long-term sustainability of the UKMEB relies upon multiple income streams, minimizing the risk of being exposed overly to any one source of funding. In financial year August 2015—July 2016, charity funding formed around 90% of gross revenue, but in financial year August 2017–July 2018, that had reduced to around 60%, with donations and cost recovery charged forming the remaining of 40% of total gross. The key elements of future UKMEB income are (i) fees for using the samples and data, (ii) philanthropic donations, (iii) crowdfunding and regular giving, and (iv) research grant support, which have to coexist to ensure long-term sustainability (14, 15). The opening of other income streams in the past financial year has shown that it is possible to move to a multi-source revenue system in biobanking, once appropriate start-up capital has been invested to enable fundraising and awareness-raising efforts.



Engagement With the Community

Social media, websites and web fora play a fundamental role in the lives of many with ME/CFS, facilitating social connection with others in the community as well as with researchers and charities, particularly when the physical demands of face-to-face interaction are not feasible. For PWME, online platforms can be one of the few places where their voices are heard and can be an invaluable resource in encouraging ongoing partnership between the ME/CFS community and researchers.

Engagement with these communities remains a key pillar of the UKMEB's strategy. We endeavor to remain transparent in our research objectives and stay engaged with PWME online, so that the communities we serve are actively involved in how we progress. In addition, we strive to be accountable to our donors by sharing whatever news and findings we can via social media and via our website.

This renewed focus on public engagement (since August 2017) has coincided with an increase in our donation income, as well as an increase in applications received from researchers wanting to use our resource. While any concrete causal relationship is difficult to prove, we feel that an active and open public engagement strategy supports several of the income streams delineated above, and helps contribute to the UKMEB's sustainability efforts, while also building trust between the research team and the community.




FINAL REMARKS—WHERE THIS JOURNEY IS HEADING?

Biobanks are recognized as key to biomedical research; and their numbers have been increasing globally, as human bio-specimens, combined with health information on their donors, provide a critical resource for biomedical research (16). Disease-specific biobanks, in particular, are useful for addressing conditions such as ME/CFS, where there remain important unanswered questions around causes, diagnosis, pathophysiology and treatment (17, 18). We believe that the UKMEB can be used as a model for others contemplating developing bio-resources in the field of ME/CFS; or indeed for other specific diseases, one that incorporates participatory approaches, partnership, time and cost-effectiveness, and sustainability into the design and implementation.

The integration of the UKMEB with other ME/CFS-specific biobanks could involve the sharing of protocols or at least an agreement to collect some common data and samples, and will be essential for accelerating much-needed ME/CFS research. Such research will likely include the investigation of potential biomarkers, transcriptomics, metabolomics, genomic and genetic studies; biobanks may also be accessed by those seeking to improve diagnosis and treatment, and undertake validation studies.

The poor recognition of and stigma that surrounds the disease are still present, and the wider needs of PWME in relation to healthcare, social, occupational and education support remain largely unmet (3). We have previously described the perceived needs of PWME, and some aspects of the care they receive (19). In this article, we focused on how the UKMEB evolved as we sought, in partnership, to help address some of these needs and to advance research into the disease. We described a journey that evolved from conversations with people with ME to an established resource facilitating biomedical research into ME/CFS locally and internationally. The journey has only just begun.

The enthusiasm from the ME/CFS community and from participants, including those with MS and healthy controls, has contributed to the success of a project developed while keeping the needs of patients and the research community in mind. With follow-up rates presently over 90% and an increasing number of external researchers using data and samples, the UKMEB is successfully delivering. However, the real benefits will only be felt when the results of research are effectively translated into better health for PWME.

There is no doubt that ME/CFS research can further be accelerated through the integration of bio-resources and the facilitation of consistent data collection globally. We are actively discussing and engaging with other bio-resources globally. The Common Data Elements project developed by the National Institute of Neurological Disorders and Stroke (20), is one example of an initiative aimed at data harmonization and integration in ME/CFS research. Another is the European Network on ME/CFS (EUROMENE), which combines resources, technologies, and expertise from over 20 European countries in a multidisciplinary approach to optimize knowledge production in the field. The harmonization of ME/CFS related data and bio-resources across the continent is one of the objectives of the network (21).

Improved research is only one of many challenges that needs addressing in the field, and we hope that our experiences presented here represent some contribution to this effort. It is only with substantial increases in research and research-infrastructure funding, and significant improvement in services for those with ME/CFS, that the individual journeys of PWME will be improved.
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Introduction: Conflicting data have been published on the reduction of circulating blood volume in adults with Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). The aim of the present study was to compare blood volumes based on the presence or absence of orthostatic symptoms.

Methods and results: Twenty consecutive adults with ME/CFS participated in the study. All underwent dual isotope blood volume measurement and were evaluated for a clinical suspicion of orthostatic intolerance (OI). The mean age was 34 (10) years, and median duration of disease was 7.5 (6–10) years. The mean (SD) absolute blood volume was 59 (8) ml/kg, a value −11 (7) ml/kg below the reference blood volume. Of the 12 patients, 4 had no OI and 8 had a clinical suspicion of OI. In 8 patients with OI, absolute blood volumes were significantly lower than for the 4 without OI (56 [2] vs. 66 [5]; p < 0.05) as were the differences between the measured and the reference blood volume (−14 [2]; vs. −4 [3]; p < 0.02).

Conclusions: Adults with ME/CFS had a significantly lower blood volume if they had a clinical suspicion of OI compared to those without a clinical suspicion of OI, as well as a significantly lower blood volume compared to the expected value. The data suggest that accounting for symptoms of OI could enhance the detection of the subset with reduced blood volume.

Keywords: orthostatic intolerance, chronic fatigue syndrome, myalgic encephalomyelitis, blood volume, POTS, dual isotope scan


INTRODUCTION

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is characterized by a persistent severe fatigue, diminished exercise tolerance, post exertional malaise, unrefreshing sleep, and impaired memory and concentration. A prominent feature is also dizziness and/or lightheadedness. More individuals with ME/CFS than healthy controls experience lightheadedness and syncope (1–3). Studies have shown conflicting results regarding circulating blood volume in ME/CFS patients compared to a healthy population (4–6). Lin et al. (7) identified a relation between red blood cell (RBC) volume deficiency and the presence of orthostatic intolerance (OI) in chronic OI patients and especially in those with postural orthostatic tachycardia syndrome (POTS). To explore whether this observation of OI in a non-ME/CFS subject group might also be applicable in a population with ME/CFS, the aim of the present study was to compare measured blood volume in adults with ME/CFS after sub-grouping by the presence or absence of OI symptoms.



MATERIALS AND METHODS

Individuals with ME/CFS were eligible for this study if they were being evaluated at the Stichting CardioZorg, a cardiology clinic with a special interest in ME/CFS. ME/CFS was considered present if participants met both the CFS (8) and the ME criteria (9) with no other major comorbidities.

Beginning in 2010, as part of routine care, we began measuring blood volume using the standard dual isotope erythrocyte labeling technique ([image: image]CrO4 and 125I-human serum albumin) (10) at the department of Nuclear Medicine of the Free University Hospital Amsterdam. Blood volume was compared with the ideal weight of patients (11), using the method of Devine (12). Due to the high cost of the blood volume measurements (3500 USD) and the loss of funding for these studies, patient enrollment was limited to the first 12 individuals.

The presence or absence of a clinical suspicion of OI was based on the history taken by an experienced cardiologist (FCV) who asked how individuals felt in the following circumstances: while waiting in line, at receptions, while shopping, while sitting still for long periods, and when exposed to warm/stressful circumstances (e.g., summer weather, after hot showers, after episodes of fear or pain), (13–15). Those with increased lightheadedness and other symptoms in these settings were considered to have a clinical suspicion of OI. The use of clinical data for descriptive studies was approved by the ethics committee of the Slotervaart Hospital.

Scores were tested for normal distribution using the Shapiro Wilk test in SPSS (IBM SPSS version 21). Normally distributed data were presented as mean (SD), and data that were not normally distributed were presented as a median (IQR). Data were compared with the student' t-test for unpaired data where appropriate. A p-value < 0.05 was considered significantly different.



RESULTS

Among the 12 consecutive ME/CFS participants, the mean age was 34 (10) years, and the median duration of disease was 7.5 (6–10) years. In the total patient group the absolute blood volume was 59 (8) ml/kg. The reduction in blood volume from the reference standard based on ideal weight was −11(7) ml/kg. Based on the clinical history, 4 had no clinical suspicion of OI and 8 had a clinical suspicion of OI (two of whom had been diagnosed with POTS; in the remaining six, tilt table testing elsewhere had identified no hemodynamic abnormalities). Table 1 shows the baseline data and blood volumes in patients without (n = 4) and with (n = 8) OI. Those with OI were significantly younger. In those who reported symptoms of OI, the absolute blood volumes were significantly lower than in those without OI, as were the differences between measured blood volume and the reference blood volume.



Table 1. Demographic and volume characteristics of the study population*.

[image: image]




Figure 1 shows the differences in blood volumes for patients with and without OI: 56 (2) vs. 66 (5) ml/kg; p < 0.05. The difference between the measured blood volume and the reference blood volume is shown in patients with and without OI: −14 (2) vs. −4 (3); p < 0.02. No significant correlation was found between the disease duration and absolute blood volume or the reduction in blood volume compared to the reference blood volume.
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FIGURE 1. Absolute blood volumes (ml/kg) in those without and with OI are shown on the left y-axis. The differences between the measured blood volume minus the reference value (ml/kg) are shown on the right y-axis. Values are presented as mean (SD); OI– and OI+, clinical suspicion of orthostatic intolerance absent and present; Pat, patients; ref, reference.





DISCUSSION

The main finding of this study is that blood volumes were significantly lower for adults with ME/CFS whose symptoms were consistent with orthostatic intolerance compared to those with no clinical suspicion of OI. The finding was present when we compared either absolute blood volume values or the percent reduction in blood volumes from the normal reference value for each individual. Our data are similar to a study in which only OI patients were investigated (7). Lin and colleagues compared the measured red blood cell (RBC) volume with an expected RBC volume, and found RBC volumes between 78% (POTS patients) and 85% (chronic OI patients without POTS) of the reference value.

Only a limited number of studies on blood volume have been performed in those with ME/CFS. Streeten and colleagues found in 12 female CFS patients that the RBC volumes were lower than that of female control subjects, but found in contrast that plasma and whole blood volumes were not significantly different from control subjects (6). Farquhar identified no significant difference in blood volume between ME/CFS patients and simultaneously studied age-matched controls (4), although there was a non-significant trend toward lower blood volume in those with ME/CFS. Hurwitz and colleagues examined 56 with ME/CFS (30 more severely affected and 26 non-severely affected). Total blood volume, erythrocyte volume, and plasma volume were not significantly different from 21 sedentary controls (5). However, when recalculating the reduction from ideal volumes, the percent total blood, plasma, and RBC volumes were all significantly lower in those with ME/CFS than in sedentary controls and also lower in those with severe ME/CFS compared to less severely affected individuals. Of interest, the mean absolute blood volume in our patient population (59 ml/kg) was mid-way between the values for those with severe ME/CFS (57 ml/kg) and non-severe ME/CFS (61 ml/kg) reported by Hurwitz et al. Newton et al. (16) found no significant difference for whole blood volumes between 41 with CFS and 10 healthy controls, but 68% of those with ME/CFS had a RBC volume below 95% of the expected mean volume for healthy individuals. Thirty-two percent had a normalized plasma volume below the lower limit of normal of 95%, suggesting a difference in the degree of reduction between plasma and RBC volumes. None of these studies classified participants according to the presence or absence of orthostatic intolerance.

The group with was younger than the group without orthostatic intolerance. Future studies will be able to determine whether this age difference persists in a larger sample. Of the limited number of studies regarding how blood volume varies over the lifespan in healthy volunteers, the data are consistent with either stable or declining blood volume with increasing age (17, 18) If the same relationship between blood volume and age is present for those with ME/CFS, then the older age of the group without orthostatic intolerance would have reduced the likelihood of detecting the difference we observed. Similarly, an age-matched group without orthostatic intolerance would be expected to increase the difference in blood volume between groups.



LIMITATIONS

In the present study we did not include simultaneous control subjects. We acknowledge that the small sample size could have led to a type I statistical error. Thus, the data presented here should be considered preliminary and our results need to be confirmed in a larger study.



CONCLUSION

This small study identified a lower absolute measured blood volume and a greater reduction in blood volume compared to expected normal values in those with ME/CFS who reported symptoms of orthostatic intolerance. The data suggest that accounting for orthostatic symptoms has the potential to better identify the subset of individuals with ME/CFS who have a reduced blood volume, which in turn would have implications for treatment and the prevention of disabling symptoms. Because a significant reduction of blood volume is an objectively demonstrable laboratory abnormality in ME/CFS patients, larger studies are warranted.
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Post-exertional malaise (PEM) is the hallmark clinical feature of myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). PEM involves a constellation of substantially disabling signs and symptoms that occur in response to physical, mental, emotional, and spiritual over-exertion. Because PEM occurs in response to over-exertion, physiological measurements obtained during standardized exertional paradigms hold promise to contribute greatly to our understanding of the cardiovascular, pulmonary, and metabolic states underlying PEM. In turn, information from standardized exertional paradigms can inform patho-etiologic studies and analeptic management strategies in people with ME/CFS. Several studies have been published that describe physiologic responses to exercise in people with ME/CFS, using maximal cardiopulmonary testing (CPET) as a standardized physiologic stressor. In both non-disabled people and people with a wide range of health conditions, the relationship between exercise heart rate (HR) and exercise workload during maximal CPET are repeatable and demonstrate a positive linear relationship. However, smaller or reduced increases in heart rate during CPET are consistently observed in ME/CFS. This blunted rise in heart rate is called chronotropic intolerance (CI). CI reflects an inability to appropriately increase cardiac output because of smaller than expected increases in heart rate. The purposes of this review are to (1) define CI and discuss its applications to clinical populations; (2) summarize existing data regarding heart rate responses to exercise obtained during maximal CPET in people with ME/CFS that have been published in the peer-reviewed literature through systematic review and meta-analysis; and (3) discuss how trends related to CI in ME/CFS observed in the literature should influence future patho-etiological research designs and clinical practice.

Keywords: myalgic encephalomyelitis (ME), exercise, exercise test, heart rate, chronotropic incompetence (CI), chronic fatigue syndrome


INTRODUCTION

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is estimated to affect 0.8 to 2.5 million people in the United States (1). Ninety percent of cases are thought to go undiagnosed (1), suggesting that people with ME/CFS are substantially under-counted, under-diagnosed, and under-treated. The hallmark clinical feature of ME/CFS is post-exertional malaise (PEM), which involves a constellation of substantially disabling signs and symptoms that occur in response to physical, mental, emotional, and spiritual over-exertion. A number of criteria for ME/CFS exist for clinical and research purposes (1–5). Criteria including PEM appear to have the best face validity to differentiate ME/CFS from other fatiguing health conditions (1, 6, 7). The pervasive nature of PEM in ME/CFS has led some working groups to revise diagnostic criteria for ME/CFS to highlight the multi-system deficits associated with exertion intolerance (1–3).

The importance of PEM in ME/CFS emphasizes the value of studies that document abnormalities in exercise response to advance understanding of the patho-etiology, potential biomarkers, and functional disability associated with ME/CFS. Heart rate is one objective measurement, which can be reliably obtained from wearable biometric technology. A large body of literature already exists that documents heart rate responses to exercise in ME/CFS and other fatiguing health conditions. The increasing availability and affordability of wearable biometric technology has led to the observation that wearables could be used for activity tracking and prediction of PEM, using cardiac function as an early proxy for future symptoms. Therefore, the purposes of this perspective are to (1) review the mechanisms for cardiac control during exercise; (2) review the literature related to heart rate responses and exercise in ME/CFS; and (3) discuss the potential implications for aberrant heart rate responses in ME/CFS and its relationship to interpreting the results of exercise testing paradigms and analeptic activity management.



THE RELATIONSHIP BETWEEN HEART RATE AND WORKLOAD IS REPEATABLE AND PREDICTABLE

Under normal conditions, the relationship between heart rate and workload increases linearly. Reliability of a measure is a precursor to validity. Exercise heart rates at maximal exertion and ventilatory anaerobic threshold (VAT) are highly reproducible in both non-disabled individuals and individuals with various health conditions (8–19). In addition, the relationship between workload and heart rate is normally very reproducible (20). That is to say, the correlation is subject to very low error variance. These observations suggest that deviations in the incremental increase in heart rate in response to each unit increase in workload might suggest pathology. In other words, variation in measurements during cardiopulmonary exercise testing (CPET) in people with ME/CFS may reflect true biological variance that can be functionally relevant and provide important patho-etiological clues about the nature of ME/CFS. In healthy people, peak VO2 reflects a 4-fold increase over resting VO2 (21), which is accomplished by a 2.2-time increase in heart rate, a 0.3-fold increase in stroke volume, and a 1.5-fold increase in arteriovenous oxygen difference (21). The elevation of one's heart rate is the largest contributor to both VO2 and the ability to maintain exercise at maximal level workloads (21). Further, an increase in heart rate is a variable of great interest to clinicians and researchers when observing abnormal responses to exertion and predicting possible consequences due to those abnormal responses. A normal and intact heart rate response pattern to exertion is necessary because cardiac output (heart rate × stroke volume) must be matched to metabolic demands throughout the duration of exercise.



IMPAIRMENT IN CHRONOTROPIC RESPONSE IS MEASURABLE

Chronotropic intolerance (CI) is defined by a range of different criteria, including; failure to achieve age-predicted maximal heart rate, delays in achieving age-predicted maximal heart rate, inadequate heart rates at submaximal workloads, slowed post-exertion recovery heart rate, or heart rate fluctuations (21, 22). The prevalence of CI is poorly understood because it is non-uniformly defined. Gentlesk et al. (22) reported the prevalence of CI ranges from 3.1 to 11% in patients referred for exercise testing, >40% in a population of patients with pacemakers, and up to 60% in patients with atrial fibrillation (22). This variation in prevalence provides further evidence in support of the need for a clear definition and a standardized set of criteria so that diagnosis of CI may be made appropriately and populations can be compared (21).

CI is most often diagnosed using a percentage as the cutoff for distinguishing between normal and abnormal heart rate responses to incremental increases in workload during an exercise test (23). The most common percentages of age-predicted maximal heart rate that have been used range between 70 and 85% (23). CI also can be represented as a measure of heart rate reserve, which is the change in heart rate from rest to peak exercise measured during an exercise test (23). However, since the heart rate reserve equation is dependent upon the resting heart rate, it can be taken one step further to better represent an individual's heart rate response to exercise (23). In other words, chronotropic response can be calculated as a fraction of heart rate reserve achieved at maximal effort, given by [image: image] (23). Failure to obtain ≥80% of the adjusted heart rate reserve during an incremental exercise test is the most common criterion used to distinguish CI (23). Some researchers prefer to take a more definitive route when measuring exertion. The ratio of the volume of carbon dioxide produced to the volume of oxygen consumed, or the respiratory exchange ratio, represents an objective measure of physiologic effort during exertion (23). It is generally accepted that a respiratory exchange ratio of >1.15 is indicative of intense, maximal exercise, while a ratio of <0.82 is indicative of a resting state. If an individual's respiratory exchange ratio is <1.05 at peak exercise, research suggests that this indicates either a submaximal level of effort or a premature termination of the exercise test and should be analyzed with caution (23). Similarly, in 1992, Wilkoff et al. (24) attempted to diagnose CI in a more objective manner through the use of the metabolic-chronotropic relationship, or the chronotropic index, which is the ratio between heart rate reserve and metabolic reserve during submaximal workloads. Wilkoff et al. (24) chose this method because it adjusts for age, physical fitness level, functional capacity, and it is unaffected by a researcher's choice of exercise test or protocol. Under normal conditions in healthy individuals, the percentage of heart rate reserve should match the percentage of metabolic reserve achieved during exertion to equal a chronotropic index of 1.0 with 95% confidence intervals of 0.8 and 1.3 (24). Therefore, if the metabolic-chronotropic relationship, or chronotropic index, is ≤0.8 from a given slope or single value throughout one stage of an incremental exercise test, then that is considered CI (24). The Wilkoff model for CI is given as HRstage = [image: image], and depends on age, resting heart rate, age-predicted maximal heart rate, age-predicted heart rate reserve, maximal heart rate observed during exercise testing, volume of oxygen consumed (VO2–expressed as MET values; 3.5 ml/kg/min) at each stage and at peak exertion, and respiratory exchange ratio (24). Further, this equation can be combined with the previously discussed methods of age-predicted maximal heart rate, adjusted heart rate reserve, and respiratory exchange ratio to determine whether or not CI is present. For example, chronotropic index can be used as a deciding factor if a subject achieves an adequate peak respiratory exchange ratio of >1.09, but fails to achieve ≥80 or 85% of adjusted heart rate reserve or age-predicted maximal heart rate, or if a subject achieves a peak respiratory exchange ratio of <1.09 (21). One can see that there are a number of methods for distinguishing between a normal chronotropic response and CI, which is dependent upon a handful of variables. It is imperative that researchers work together to create a definition and criteria that are clearly defined to consistently identify CI.



FATIGUING HEALTH CONDITIONS INVOLVE IMPAIRED CHRONOTROPIC RESPONSES

Lauer et al. (25) examined prognostic implications of CI in 1,575 asymptomatic male participants from the Framingham Offspring Study. In order to be designated asymptomatic, participants were required to take part in an exercise treadmill test (25). Researchers followed the participants for an average of 7.7 years to investigate all-cause mortality and coronary heart disease events, including angina pectoris, coronary insufficiency, myocardial infarction, any type of coronary heart disease deaths, and coronary revascularization (25). The treadmill exercise test was terminated when participants achieved 85% of age- and sex-predicted maximal heart rate (25). Lauer et al. (25) also mentioned that treadmill tests were terminated upon “participant request, limiting chest discomfort, dyspnea, fatigue, leg discomfort, hypotension, an excessive increase in systolic blood pressure (i.e., peak systolic pressure ≥250 mmHg), ≥2 mm ST-segment depression, or significant ventricular ectopy. Researchers distinguished between normal and abnormal chronotropic responses using three different variables—the ability or inability to achieve 85% of his age- and sex-predicted maximal heart rate, an increase in heart rate from rest to peak, and the chronotropic index at stage 2 of the Bruce protocol (25). One thousand two hundred and forty-eight participants (79%) achieved 85% of their age-predicted maximal heart rates, while the remaining 327 participants (21%) failed to achieve 85% of the target heart rate (25). The participants that failed to reach the target heart rate were also at an increased risk for an ischemic ST-segment response to appear on an ECG, had a lower exercise capacity, and were related to higher occurrences of all-cause mortality and coronary heart disease events (25). The researchers found that increases in heart rate with exertion were inversely related to mortality risk and that an impaired chronotropic response index was also predictive of mortality (25).



EMPIRICAL DATA SUGGEST CHRONOTROPIC IMPAIRMENT IS PRESENT IN PEOPLE WITH ME/CFS

Our group (26, 27) and others (28–30) have measured heart rate responses to exercise in ME/CFS using CPET methodology that allows for careful characterization at peak exertion and VAT. The specific protocol our group has used for over 20 years was developed to capture the difference in underlying physiology between the average symptomatic state and potential cardiovascular, pulmonary, and metabolic decrements characteristic of PEM (26, 28, 31–33). To begin, patients are instructed to rest as much as possible before performing the first CPET, which measures a baseline of the individual and provides a physical stressor to induce PEM. A second CPET performed 24 h after the first is then conducted to measure the individual's response to exercise while in a post exertional state. Sedentary but otherwise non-disabled individuals exhibit high levels of reproducibility between tests (19, 34). Even individuals with various health conditions that present with fatigue demonstrate reproducible CPET measurements (9, 10, 13–17). However, the physiological correlates of PEM, which are typically exacerbated by exertion, are often indicated by variation outside expected intervals in successive exercise tests. Therefore, changes on the test are not related to poor reliability (i.e., “error variance”), but rather the biological variance associated with ME/CFS.

We conducted a systematic review to locate primary research articles published in the peer reviewed and so-called unpublished “gray literature” that described chronotropic responses to exercise during maximal cardiopulmonary exercise testing in people with ME/CFS, with or without comparison to matched control subjects. Maximal cardiopulmonary exercise testing was chosen because there are uniform criteria described for test cessation, and documented criteria exist to identify physiological performance at the ventilatory anaerobic threshold (VAT), which is the point at which non-oxidative or anaerobic metabolism begins to significantly contribute to energy metabolism with increasing exercise workloads (35, 36). Articles that reported mean age of participants and heart rate at either peak exertion or VAT were included in the quantitative analysis. We searched Medline Complete, CINAHL, Academic Search Complete, SPORTDISCUS, and PsycINFO on 5 December 2018 using keywords [(SU exercise tests) OR (exercise physiology) OR (cardiopulmonary system)] AND [(SU myalgic encephalomyelitis) OR (SU chronic fatigue syndrome)]. We also conducted hand searches of reference sections and included other known papers that were not included in the search results. The systematic review revealed 36 articles that were included in the quantitative analysis (Figure 1).


[image: image]

FIGURE 1. Flow diagram describing the systematic review.



CPET responses on a single test were assessed in the context of a single maximal CPET in patients with ME/CFS only (14 studies, including 1,169 patients with ME/CFS) compared with otherwise non-disabled individuals who were matched for gender and age (17 studies, including 961 patients with ME/CFS and 529 control subjects; Tables 1–3). Among these studies, 25 studies (28–30, 37–42, 47, 48, 52–60, 62, 63, 65–69) used the Fukuda et al. criteria (4), four studies (43–45, 51) used the Oxford criteria (5), five studies used the Holmes criteria (49, 50, 61, 64, 70), and one study (46) used the Fukuda et al. criteria, Canadian Consensus Criteria (2), and International Consensus Criteria (3). An additional four studies (30, 66) compared measurements obtained during a single CPET between men and women with ME/CFS (Table 3); three studies used the Fukuda criteria to identify ME/CFS (4). Three other studies (28, 46, 65) compared the responses of individuals with ME/CFS on two CPETs spaced 24 h apart. Two of the studies (28, 65) used the Fukuda et al. criteria (4) and one study (46) used a combination of the Fukuda et al. criteria (4), Canadian Consensus Criteria (2), and International Consensus Criteria (3). Raw HR data were extracted from each study at maximal exertion and VAT, as available. Age-predicted maximum HR values were calculated as 220−meanagesample. Predicted VAT HR values were taken as 70% of predicted maximum HR (71, 72). Percentage of age-predicted maximum heart rate was computed by dividing the observed exercise heart rate by its respective age-predicted value.



Table 1. Heart rate measurements obtained at peak exertion during a single maximal cardiopulmonary exercise test in studies comparing subjects with myalgic encephalomyelitis/chronic fatigue syndrome (n = 2,270) to matched control subjects (n = 594).
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Data from each study were pooled by calculating sample-weighted mean values for HR and 95% confidence interval (ConI) from the relevant studies, in order to conduct the following assessments: (1) to compare chronotropic responses to exercise in individuals with ME/CFS compared to matched control subjects, (2) to evaluate the effect of gender on HR responses to activity in individuals with ME/CFS, (3) to determine the effect of serial CPET on chronotropic response in individuals with ME/CFS, and (4) to estimate the effect of cardiovascular impairment on chronotropic response in individuals with ME/CFS. In addition, standardized mean difference and 95% ConI were calculated from studies that compared ME/CFS to matched control subjects, in order to estimate the magnitude of effect (73). A variance weighted summary also was calculated to pool the results across all studies. These results were used to generate forest plots for the data at peak exertion (Figure 2) and ventilatory anaerobic threshold (Figure 3). Q and I2 statistics were assessed to determine the amount of statistical heterogeneity across studies (74). Pooled standard deviations were computed using a random effects model. Point estimates for pooled data were compared using independent samples t-tests. All analyses were considered statistically significant at p < 0.05.


[image: image]

FIGURE 2. Standardized mean differences (d) for heart rate at peak exertion during maximal cardiopulmonary exercise testing, comparing patients with ME/CFS (n = 1,053) and matched control subjects (n = 569). Boxes represent point estimates, and whiskers are 95% confidence intervals. Patients with ME/CFS had lower peak heart rates than matched control subjects (large effect size).




[image: image]

FIGURE 3. Standardized mean differences (d) for exercise heart rate at ventilatory anaerobic threshold (VAT), comparing patients with ME/CFS (n = 778) and matched control subjects (n = 378). Boxes represent point estimates, and whiskers are 95% confidence intervals. Patients with ME/CFS had lower heart rates at VAT than matched control subjects (moderate effect size).




Comparisons Between Patients With ME/CFS and Matched Control Subjects

There were 36 studies that reported heart rate responses at peak exertion in individuals with ME/CFS (n = 2,270) and 21 studies involving matched control subjects (n = 594; Table 1). Control subjects performed at 94.0% of age-predicted maximum HR (95%ConI: 93.6–94.4%), while individuals with ME/CFS performed at 82.2% (81.9–82.5%) of age-predicted maximum HR (p < 0.0001). Almost all the studies measured a decreased peak HR in individuals with ME/CFS. The standardized mean difference (d) for these data was −1.37 (95%ConI: −1.46 to −1.26), which indicates a very large effect, and 92% of the ME/CFS group had a peak exercise heart rate that was below the matched control group. This corresponded to an unstandardized mean difference of 11.2 fewer beats per minutes in patients with ME/CFS compared to matched control subjects (95%ConI: 6.9–15.4 bpm decrease). Significant heterogeneity was present in available studies (Q = 113.8, p < 0.0001; I2: 82%), so these pooled difference estimates should be viewed with caution. Despite the heterogeneity present in this literature for each pooled effect size estimate, the high number of included studies and pooled sample size provides for substantial statistical power. Potential sources of variability in the published literature include the differences in case definitions used for ME/CFS, fitness levels of matched control subjects relative to patients with ME/CFS, testing modality (i.e., treadmill vs. bicycle), and statistical noise introduced by reliability of criteria to select peak performance between studies. Despite these methodological differences, published data indicate the presence of statistically significant and clinically relevant impairment in chronotropic response to exercise at peak exertion in individuals with ME/CFS compared to matched control subjects.

Twelve datasets from nine studies documented chronotropic responses at VAT in individuals with ME/CFS (n = 795) compared to control subjects (n = 353; Table 2). Overall, control subjects performed at 107.0% (95%ConI: 105.9–108.1%) and individuals with ME/CFS performed at 97.9% (95%ConI: 97.4–98.4%) of their age-predicted heart rates (p < 0.0001). This finding indicates patients with ME/CFS, on average, remained relatively impaired when compared to age- and sex-matched control subjects. Seven of nine studies documenting chronotropic responses at VAT showed a decrease in patients with ME/CFS compared to matched control subjects, while the remaining two studies found slight increases. Overall, the standardized mean difference (d) for these data was −0.53 (95%ConI: −0.65 to −0.40), which indicates a moderate effect. Sixty-three percent of patients with ME/CFS had lower heart rates at VAT than matched controls in the context of a single test. These findings correspond to an unstandardized mean difference of 5.4 fewer beats per minutes in patients with ME/CFS compared to matched control subjects (95%ConI: 1.5–9.2 bpm decrease). Moderate heterogeneity was present in available studies (Q = 30.01, p < 0.01; I2 = 60%). Like the peak exercise analysis, the relatively high pooled sample size provides substantial statistical power. However, it is notable that data evaluating heart rate at VAT from De Becker et al. (29) and Vermeulen and Vermeulen van Eck (66) differ by over 20 percentage points in people with ME/CFS (105.1 and 85.6%, respectively), and exert a large influence on sample-weighted means for observed heart rate and percent of predicted heart rate due to large sample sizes (n = 427 and n = 204, respectively). This observation highlights the need to consider the unique physiological characteristics of individual patients with ME/CFS. Some of the observed variation also may be attributed to heterogeneous methods used to select VAT used in the literature, indicating the need to identify and observe uniform methods of CPET analysis (75).



Table 2. Heart rate measurements obtained at ventilatory anaerobic threshold during a single maximal cardiopulmonary exercise test in studies comparing subjects with myalgic encephalomyelitis/chronic fatigue syndrome (n = 795) to matched control subjects (n = 353).
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Comparisons Between Females and Males With ME/CFS

Articles describing two studies of CPET measurements in individuals with ME/CFS permitted abstraction of data by subject sex (30, 66), involving 1,104 females and 58 males with measurements at peak exertion and 41 males and 195 females with measurements at VAT (Table 3). Males demonstrated a significantly higher achievement of age-predicted maximum heart rate at peak exertion (females: 83.0%, 95%ConI: 82.6–83.4%; males: 87.5%, 95%ConI: 85.4–89.7%; p < 0.0001) but not VAT (females: 88.6%, 95%ConI: 87.3–89.9%; males: 87.5%, 95%ConI: 85.2–89.7%; p = 0.476). These data suggest that, although there may be important sex-related features in ME/CFS incidence, the expression of CI in ME/CFS appears homogeneous between sexes at submaximal workloads (75). Additional studies of sex-related difference in CI at peak levels of exertion are warranted, because male patients with ME/CFS appear under-represented in the literature to date.



Table 3. Heart rate measurements obtained at peak exertion and ventilatory anaerobic threshold during a single maximal cardiopulmonary exercise test in studies comparing females (n = 1,104) and males (n = 58) with myalgic encephalomyelitis/chronic fatigue syndrome.
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Comparisons Between Measurements Obtained During Serial CPETs

There were three studies involving two CPETs conducted 24 h apart (28, 46, 65), comprising 47 patients with ME/CFS and 35 matched control subjects (Table 4). On the first CPET at maximal exertion, individuals with ME/CFS demonstrated a significantly lower heart rate response that was 87.9% of predicted by age (95%CI: 86.9–88.9%) compared to control subjects with a heart rate response of 90.0% of predicted by age (95%ConI: 89.5–90.5%; p < 0.01). On the second CPET at peak exertion, control subjects maintain the heart rate response to exercise compared to age-predicted norms (90.6%; 95%ConI: 90.1–91.1%) but individuals with ME/CFS demonstrated a significant decline compared to control subjects (84.3%; 95%ConI: 83.9–84.7%; p < 0.05). Although peak exertion is not common in daily life, sympathetic autonomic drive is maximal during peak exertion, so this observed difference may magnify subtle decrements in sympathetic autonomic drive that may only inconsistently be observed during lower levels of physical exertion.



Table 4. Heart rate measurements obtained at peak exertion and ventilatory anaerobic threshold during studies involving two cardiopulmonary exercise tests in individuals with myalgic encephalomyelitis/chronic fatigue syndrome (n = 47) and matched control subjects (n = 35).
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During the first CPET at VAT, individuals with ME/CFS achieved 92.4% of predicted heart rate (95%ConI: 89.6–95.2) and control subjects achieved 95.0% of predicted heart rate (95%ConI: 88.9–101.0), which was not significantly different (p = 0.387). However, during the second CPET at VAT, individuals with ME/CFS decreased slightly (90.6%, 95%ConI: 88.1–93.6%) while matched control subjects increased (101.1%, 95%ConI: 94.5–107.6%), resulting in a significant difference in percentage of predicted HR achieved between groups on the second CPET (p < 0.01). The observed reduction of 10 beats per minute in patients with ME/CFS compared to matched control subjects in the post-exertional state also appears to be clinically important, because it represents a decrement in repeated submaximal functioning that is consistent with the relatively narrow physiological range for many usual daily activities. The relatively small pooled sample sizes for this analysis suggest the need for future studies to examine test-retest effects in chronotropic and other responses to exercise, in the context of measurements obtained during standardized maximal CPET methodologies. The heterogeneity of findings at VAT on serial CPET also highlights the need to adhere to strict patient selection standards and a uniform methodology for conducting CPET and selecting VAT across future studies (75).



Comparisons Between Levels of Severity in ME/CFS

One article contained data 179 individuals with ME/CFS that allowed for analysis of chronotropic response based on cardiovascular impairment (Table 6) (27). In this study, subjects were classified according to the American Medical Association Guidelines for the Evaluation of Permanent Impairment (AMA) impairment level based on peak volume of oxygen consumed (VO2). Classifications included no impairment (n = 20), mild impairment (n = 67), moderate impairment (n = 72), and severe impairment (n = 20). At maximal exertion, individuals with no impairment achieved 91.1% of age-predicted maximum HR. There was a general trend toward a declining percentage of age-predicted maximum HR with increasing AMA impairment level. Individuals with ME/CFS and mild AMA impairment reached 83.1% of age-predicted maximum HR, whereas those with moderate AMA impairment demonstrated 75.1% of age-predicted maximum HR, and individuals with severe AMA impairment only achieved 67.6% of age-predicted maximum HR. These data suggest the potential presence of a clinically important interaction between cardiovascular impairment and CI, in which functional impairment categories could be related to increasing levels of autonomic impairment.




RELEVANCE OF CI TO PATHO-ETIOLOGICAL STUDIES IN ME/CFS

Chronotropic responses during exercise result from a balance of neural and humoral influences on the intrinsic firing rate of sinoatrial (SA) and atrioventricular (AV) node cells (Figure 4). The normal discharge rate of sinoatrial node cells provides 100 beats per minute (76). In the resting state influence from parasympathetic fibers from the vagus nerve depresses heart rate to the normal range of 60–100 beats per minute. Parasympathetic effects on the SA and AV nodes are mediated through cholinergic inputs (76). Acetylcholine binds to muscarinic receptors on the cardiac muscle, SA node, and AV node (76). Sympatho-adrenal-medullary responses mediate the increase in heart rate commensurate with exercise workload. Sympathetic fibers innervate the myocardium, conduction system, SA node, and AV node, which act on cardiac structures through the release of epinephrine at the neuromuscular junction (76) In addition, cardiac structures are responsive to circulating catecholamines from blood (epinephrine) (76). ß1-adrenoreceptors and ß2-adrenoreceptors are located on the myocardium, conduction system, SA node, and AV node, which bind epinephrine and norepinephrine (76). The net effect of adrenergic inputs is to increase heart rate above 100 beats per minute, such as during periods of distress or exercise. Following adrenergic/cholinergic binding on cardiac structures, local signal transduction is responsible for observed changes in heart rate (76).
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FIGURE 4. Heart rate responses to exercise in non-ME/CFS (solid line) and ME/CFS (dashed line). Arrow sizes represent the direction and magnitude of the influence of the dominant controllers of heart rate in shaded region.



The balance of cardiac neural control necessary for normal exercise-related changes in heart rate implicates the potential importance of impaired cardiac neural control to explain impairments in exercise-related heart rate change (77). Specifically, blunted changes in exercise-related heart rate could be linked to four major abnormalities of cardiac neural regulation. Down-regulation of ß1 and/or ß2 adrenoreceptors might result in adrenergic insensitivity, and limited rise in heart rate during exercise. Second, sympathetic fiber dysfunction could result in decreased norepinephrine output, which would reduce the adrenergic effects on cardiac structures and reduce exercise-related changes in heart rate. Third, diminished sympatho-adrenal-medullary activation may result in smaller rises in epinephrine. Finally, a relative dominance of vagus (cholinergic) inputs inhibit the influence of epinephrine and norepinephrine on local cardiac structures, and therefore blunt heart rate increases with increasing exercise workloads. This “cholinergic dominance” hypothesis would appear to be in line with existing conceptual work by Van Elzakkar (78). However, the specific mechanisms that cause or predispose to CI largely remain unclear. Intolerance of sympathetic autonomic endocrine signaling, myocardium, SA node, AV node, and conduction system all have been implicated in CI in various pathophysiological conditions (22, 79), and also have been suggested as a cause of PEM in ME/CFS (80, 81).



RELEVANCE OF CI TO EXERCISE TESTING AND ANALEPTIC MANAGEMENT FOR ME/CFS

One approach to circumvent potential challenges associated with maximal exercise testing is the use of submaximal exercise testing. Submaximal exercise paradigms have been proposed as a safer alternative to maximal cardiopulmonary exercise testing (82), because it is thought to be less likely to create severe, long-lasting symptoms in people with ME/CFS. One example of a submaximal test paradigm involves a sustained 25-min bout of work at 70% of age-predicted maximum heart rate (83). This type of “submaximal” physiological stressor has been used in a number of studies involving patients with ME/CFS. However, the presence of abnormal heart rate responses to exercise in people with ME/CFS suggests a potential to over-estimate workload based on predicted heart rate, which in turn, risks having subjects exert harder than intended during tests that are putatively “submaximal.”

Although participants with ME/CFS in studies that use submaximal exercise test paradigms generally demonstrate averaged exercise heart rates that are statistically similar to control subjects, it seems notable that participants achieve statistical similarity at significantly lower averaged workloads and averaged VO2 (83). Because cardiac, pulmonary, and metabolic measurements using submaximal protocols are not performed to peak exertion, it is impossible to determine the AMA impairment category or evaluate VAT for each subject, which prevents the estimation of potential effects of CI on actual exertion levels for patients with ME/CFS. In addition, it is possible that at least some patients with ME/CFS in studies using submaximal exercise paradigms could have been performing maximal tests. For example, Cook et al. (83) published data on RER values for patients with ME/CFS and controls. The reported 99% confidence interval for averaged respiratory exchange ratio was 1.1 for people with ME/CFS but not control subjects. This observation suggests the potential for maximal exertion in some participants with ME/CFS but not control subjects (83), because RER values >1.15 are one criterion to determine a maximal CPET (84). These data point to important cautions about extrapolating the idea of submaximal tests to people with ME/CFS without individualized measurement and analysis.

Consideration of CI during submaximal exercise is critical to understanding the results of exercise studies using these putatively submaximal methodologies. The presence of CI suggests that it is difficult to determine whether each participant with ME/CFS receives a standardized dose of the physiologic stressor; indeed, the previously observed trend of CI makes it possible that the participants with ME/CFS who have more impairment may have received a proportionally greater stressor than participants with less impairment. For example, individuals classified as having no AMA impairment might be exerting sub-maximally at approximately 70% of age-predicted heart rate but individuals with moderate to severe AMA impairment actually might perform supra-maximally (33). Given the relatively low number of participants with ME/CFS in studies using submaximal exercise methodologies, careful standardization of the exercise stressor appears important to ensure that measures of blood chemistry, imaging and cognitive-perceptual data do not have outliers. Uniformity in sample characteristics and exercise stressor is made more important by the fact that neither sample size calculations nor tests of data normality are commonly reported in studies using submaximal methodologies.

Volume of oxygen consumed (VO2) depends on a robust chronotropic response because heart rate rise during exercise increases cardiac output, and therefore the amount of oxygen available to tissues. Thus, CI may explain low achieved VO2 at peak and VAT, especially when observed on a second CPET (26). These data suggest an interaction effect between group and test at VAT, in which there is a greater reduction in VO2 at VAT in people with ME/CFS than matched, sedentary control subjects (26). We measured a 19.4% difference in VO2 at VAT on a second CPET, which we believe reflects a clinically significant reduction in capacity for normal daily activities or ADLs (Table 5).



Table 5. Raw and percent differences in metabolic equivalents between individuals with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) and matched sedentary individuals during serial cardiopulmonary exercise testing (CPET), based on re-analysis of data from Snell et al. (26).
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Table 6. Chronotropic response to exercise measured during a single maximal cardiopulmonary exercise test in individuals with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), based on re-analysis of data from VanNess et al. (27).
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Many ADLs are conducted above VAT in people with ME/CFS (Table 7), which may predispose them to the development of PEM. A single bout of exercise may lower the VO2 observed on a second test, which causes even more ADLs to exceed VO2 at VAT in the post-exertional state. This observation is relevant because energy expenditures at, or close to VAT, represent vigorous activity and can be sustained for only short periods of time (Table 7). The International Labor Organization regard 30% or less of maximal VO2 as the threshold for acceptable physiological demands over an 8-h work day. For a 12-h work day this is reduced to 23% or less and limited to physically light work. Extended working hours are not advisable when job-related mental or emotional stresses are high. Estimated energy expenditures for most occupations and life activities can be found in the online Compendium of Physical Activities (85).



Table 7. Oxygen needs (expressed in METs) required to complete common activities of daily living (85), and assessment whether they occur under ventilatory anaerobic threshold (VAT) in individuals with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) and sedentary individuals.
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CONCLUSION

This literature synthesis supports the presence of abnormally blunted HR responses to activity in people with ME/CFS, at both maximal exertion and submaximal VAT. Pathophysiological processes consistent with autonomic dysregulation should be prioritized for etiologic studies in ME/CFS, independent of distal pathogenic causes and proximal multi-system effects. The abnormal heart rate response to exercise in people with ME/CFS indicates that exercise testing based on a percentage of maximal heart rate cannot be considered “submaximal” in people with ME/CFS and presents a clear risk for supramaximal exertion during “submaximal” exercise tasks in the most severely involved individuals. Pacing self-management plans based on age-predicted heart rate thresholds should be viewed with caution, because the chronotropic response is impaired in people with ME/CFS. Threshold heart rates for effective analeptic management and the etiology of observed CI in people with ME/CFS should be formally established through adequately powered studies that involve serial maximal CPET methodologies.
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Background: Endometriosis (EM) is a recognized co-morbid condition in women with chronic fatigue syndrome (CFS). This analysis evaluates the impact of EM on the health of women with CFS by comparing selected health characteristics and laboratory parameters in women with CFS with and without EM (CFS+EM and CFS-only).

Methods: This secondary analysis included all 36 women with CFS from a cross-sectional study of CFS in Wichita, KS, conducted between 2002 and 2003. The health characteristics and laboratory parameters of interest included functioning, fatigue, CFS-related symptoms, gynecologic history, routine laboratory parameters, inflammatory markers, cortisol levels, allostatic load, and sleep parameters (overnight polysomnography). We used parametric or non-parametric tests to compare group differences in the selected health characteristics and laboratory parameters. For examining the association between EM and variables of interest, logistic regression models were performed and odds ratios (OR) with 95% confidence intervals (CI) were reported for the magnitude of associations. Statistical significance was set at 0.05 (two-sided).

Results: The mean age of this study sample was 50.9 years. Of women with CFS, 36.1% reported having EM. Age and body mass index (BMI) did not differ between CFS+EM and CFS-only groups. When examining the impact of EM, compared to women with CFS-only, women with both CFS and EM were more likely to report chronic pelvic pain [OR = 9.00 (95% CI, 1.47–55.25)] and hysterectomy [OR = 10.3 (1.82–58.39)], had more CFS symptoms (6.8 ± 0.3 vs. 5.5 ± 0.3, p = 0.02), younger mean age at menopause onset (36.4 ± 3.0 vs. 47.0 ± 2.7 years, p = 0.03), higher mean number of obstructive apnea episodes per hour (20.3 vs. 4.4, p = 0.05) and reported more negative life events (15.8 vs. 4.4, p = 0.05). Other parameters did not differ significantly between the two groups.

Conclusions: We found more than a third of women with CFS reported endometriosis as a comorbid condition. The endometriosis comorbidity was associated with chronic pelvic pain, earlier menopause, hysterectomy, and more CFS-related symptoms. However, endometriosis in women with CFS did not appear to further impact functioning, fatigue, inflammatory markers, or other laboratory parameters. Further investigations including younger women are warranted.

Keywords: endometriosis, chronic fatigue syndrome, chronic pelvic pain, menopause, hysterectomy, sleep, cortisol, inflammatory markers


INTRODUCTION

Chronic fatigue syndrome (CFS), also referred to as myalgic encephalomyelitis (ME) or ME/CFS, is a serious chronic condition characterized by significant impairment in activity levels due to profound fatigue, worsening symptoms after seemingly minimal physical, or mental exertion, sleep problems, as well as difficulties with memory and concentration or orthostatic intolerance (1). Patients with ME/CFS also frequently experience chronic joint and muscle pain. Conditions with chronic pain as a major symptom, such as ME/CFS, endometriosis (EM), fibromyalgia, interstitial cystitis/bladder pain, irritable bowel syndrome, temporomandibular joint syndrome, and chronic migraines, have been termed chronic overlapping pain conditions. There is evidence that persons with one of these conditions are more likely to have another one as a co-morbidity (2, 3). We conducted this analysis to examine the functional impact of EM as a co-morbid condition in women with CFS.

We focused on EM as a comorbidity for several reasons. EM is an estrogen dependent inflammatory disease, which affects 5–10% of women of reproductive age (4, 5); 0.5 to 5% of fertile women and 24–40% of infertile women (6–8). In a survey of women with EM, about 20% reported one or more co-morbidities such as CFS, autoimmune diseases, migraine, and other chronic pain syndromes (9). That survey estimated that, compared to women in the general population, those with EM were eight times more likely to have CFS. Similarly, among women with CFS, EM is a common comorbidity. In a study of CFS that focused on reproductive history risk factors, 19% of women with CFS reported EM whereas only 8% of women without CFS reported EM (10). Reports also show that CFS and EM share a variety of abnormalities and “risk factors.” Changes in daily cortisol secretion have been reported in persons with EM (11, 12) as well as in those with CFS (13). Stress has been implicated in the pathogenesis of EM and its symptoms (9, 14, 15) as well as in chronic pain syndromes, such as fibromyalgia and CFS (16, 17). Allostatic load, a measure of life-long-stress, has been shown to be higher in women with CFS (18).

In this report, we sought to examine the impact of EM on CFS. More specifically, we compare women with CFS and EM (termed “CFS+EM”) and women with CFS only (termed “CFS-only”) in regard to health and function scores, fatigue scores, number of CFS symptoms, select variables from the gynecological history, psychosocial and stress variables, and select laboratory parameters.



METHODS


Data Source and Study Sample

Data were derived from participants in a 2-day in-hospital case-control study (the source study) of CFS conducted between 2002 and 2003. Participants were previously identified in the Wichita (Kansas, USA) 4-year longitudinal population-based surveillance study of CFS (18). The source study adhered to U.S. Department of Health and Human Services human experimentation guidelines and received Institutional Review Board approval from CDC and Abt associates. All participants gave written informed consent. Demographic data were collected during a computer assisted telephone interview and confirmed at the clinic. Participants underwent a comprehensive in-hospital clinical evaluation over 2 days. The study used the operationalized 1994 CFS case definition (19, 20). Participants who had medical or psychiatric conditions that could explain their symptoms were excluded from the CFS classification. In the source study, 43 persons were diagnosed as having CFS (18, 20); 36 of them were women and were all included in this secondary analysis. Body mass index (BMI) was calculated from height and weight measured at the clinic at the time of physical exam: BMI = weight [kg]/ height2 [m2].



Patient-Reported Outcomes

We assessed functional health and well-being with the Medical Outcomes Survey short form-36 version 2 (SF-36 v2) (21, 22) and fatigue with the 20-item multi-dimensional fatigue inventory (MFI-20) (23). We used the CDC Symptom Inventory (CDC-SI) to evaluate the presence, frequency, and severity/intensity of all CFS case-defining symptoms, with SI score calculated as the product of the frequency and intensity/severity of symptoms (24–26). The higher the scores of MFI-20 and CDC-SI scales, the worse the fatigue/symptom severity; in contrast–lower SF-36 scores reflect worse functional health.

We collected data on gynecologic conditions and surgeries using a previously described short, structured gynecologic history questionnaire (27). The questionnaire included questions relating to endometriosis (“Have you ever suffered from endometriosis?”), chronic pelvic pain (“In the past 6 months have you experienced lower abdominal or pelvic pain that is unrelated to your menstrual periods?”) and menopause (menopausal yes or no; if yes, age their periods stopped). Women were also asked whether they had had their uterus and/or ovaries removed.

We assessed stress with the Short Form of the Childhood Trauma Questionnaire (CTQ) for severity of different types of childhood trauma (28), the Perceived Stress Scale (PSS) (29) for an index of chronic stress or strain, and coping with these stresses, and the Life Experiences Survey (LES) (30) for acute and chronic life stresses. We used the self-administered Spielberger State-Trait Anxiety Inventory (STAI) to measures core symptoms of anxiety as a general trait and as a current state based on responses to 40 items (31). We used the Self Rating Depression Scale (SDS), a 20-item questionnaire, to measure core symptoms of depression on a 4-point Likert scale (32). Subjects were screened for posttraumatic stress disorder (PTSD) based on the self-administered Davidson Trauma Scale (DTS) (33).



Sleep Study

Polysomnography parameters were derived from the overnight polysomnography recordings performed during the second in-clinic night and aggregate results for CFS cases and controls along with detailed methods have been previously reported (34, 35). In brief, polysomnography was performed in the period 10:00 p.m. (when lights were turned out) until 7:00 a.m. the next day. We used data from women with CFS (with or without EM) and included variables of total sleep time, respiratory disturbance index (RDI) scores, snore index, obstructive sleep apnea (OSA) scores, sleep efficiency, and wake time.



Laboratory Tests of Biological Specimens

Sample collection and testing have been described (36). Complete blood counts (CBC), routine blood chemistry, serum cortisol, catecholamines, and inflammatory markers (C-reactive protein [CRP], the pro-inflammatory cytokines interleukin 6 [IL-6], and tumor necrosis factor alpha [TNF-α]) were measured from fasting blood samples obtained at 7:00 a.m. In addition to serum cortisol, 24 h urinary cortisol was also measured.



Allostatic Load Index (ALI)

Allostatic load is the body's cumulative “wear and tear” due to repeated cycles of adaptation to stress (37) and could be measured by a composite score called allostatic load index (ALI). This index included 11 components representing metabolic and cardiovascular parameters, inflammatory response parameters, hypothalamus-pituitary-adrenal axis activity parameters, and measures of sympathetic nervous system (SNS) activity. Aggregate data on allostatic load for all the CFS cases and their controls have been previously reported (38).

In this report, comparisons of health parameters focus on women with “CFS+EM” vs. women with “CFS-only.” Data on controls with endometriosis (“EM-only”) and controls without EM are available in the appended material (which includes tables with results across four groups: “CFS+EM,” “CFS-only,” “Controls with EM,” and “Controls without EM”). We present some of those data in the main text when relevant.



Statistical Analyses

We used the Chi-square (or Fisher's exact test, when indicated) to examine the independence of categorical variables and analysis of variance to test mean differences between the two groups. Mean and Standard Error of Mean (SEM) were used to summarize the results. Cortisol values were log-transformed to obtain normal or near-normal data distribution. Where applicable, non-parametric tests were used for comparing non-normally distributed continuous variables. In addition, we used logistic regression to calculate odds ratios (OR) with 95% confidence intervals (CI) as a measure of association between selected health characteristics and study group. For variables known to be associated with BMI, we calculated respectively adjusted ORs. Statistical significance was set at p < 0.05.




RESULTS

The demographic data for women included in this analysis are presented in Table 1. The women's mean (SEM) age was 51.1 (1.0) years, median−52.5 years, range 27–69 years (with 61% being 50 or older). Ninety four percent were white, 72.6% were employed, 55.9% had a household income of over $40,000 and over two-thirds had more than high school education (Table 1). Endometriosis was reported significantly more frequently by the CFS group−36% (13 of 36) than by the well, non-fatigued controls−17% (8 of 48), p = 0.04 (see Tables 1S, 2S).



Table 1. Demographic characteristic for the sample of 36 women with chronic fatigue syndrome (CFS cases) in the case-control study of chronic fatigue syndrome, Wichita, USA, 2002–2003.
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The “CFS+EM” and “CFS-only” subgroups did not differ significantly in mean age or mean BMI (Table 2). In both subgroups most women reported gradual onset of CFS and there was no significant difference in mean duration of the CFS illness (~17 years) (Table 2). Women with CFS+EM reported post-exertional malaise more frequently (92.3%) than women with CFS-only (78.3%) but this difference was not statistically significant. There were no significant differences in the means of the SF-36 subscale scores and the MFI-20 scores (Table 2). However, compared to CFS-only, the CFS+EM group had a significantly greater number of CFS symptoms from the symptom inventory (SI): 6.8 ± 0.3 (mean ± SEM) vs. 5.5 ± 0.3, p = 0.02; the total CFS SI score was also higher (51.4 ± 5.7 vs. 43.0 ± 4.3) but not significantly different, p = 0.30.



Table 2. Comparison of select characteristics in women with CFS by subgroup—with and without endometriosis comorbidity.
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Gynecologic Characteristics (Table 2)

Non-menstrual, chronic pelvic, or lower abdominal pain was reported significantly more frequently by women with CFS+ EM (46.2%) than the CFS-only group (8.7%), p = 0.02; OR = 9.00 (95% CI, 1.47–55.25). Compared to CFS-only, women with CFS+EM were 9 times as likely to be menopausal, OR = 9.23 (1.02–83.33), BMI adjusted OR = 10.79 (1.13–103.11). Notably, among menopausal women, the mean age at menopause onset in the CFS+EM group was 36.4 ± 3.0 years—a decade earlier than in the CFS-only group (47.0 ± 2.7), p = 0.03. Hysterectomy rates were significantly higher in the CFS+EM group than the CFS-only group (84.6 vs. 34.8%), OR = 10.31 (95% CI, 1.82–58.39), BMI adjusted OR = 16.13 (2.30–113.23), p = 0.005. Of the 36 women with CFS, 8 (22%) reported pelvic pain, 75% of whom also reported endometriosis (Table 2S).



Psychometric Characteristics (Table 3)

The mean scores for negative life events were significantly higher in women with CFS+EM than in the CFS-only group (15.8 vs. 7.1, p = 0.049); the total Life Events Score (LES) was also higher in CFS+EM (19.0 vs. 12.3) but not significantly different. All other scores were similar in the two groups.



Table 3. Comparisons of psychometric variables in women with CFS by subgroup—with and without endometriosis.
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Laboratory Parameters (Table 4)

Blood counts and blood chemistry were all within normal limits but the CFS+EM group had slightly higher hemoglobin and hematocrit than the CFS-only group, p ≤ 0.05. Inflammatory markers—CRP, IL-6, and TNF-alpha—were not elevated in either subgroup, and TNF-alpha was lower in CFS+EM group than in the CFS group. Serum cortisol, 24-h urinary cortisol, and salivary cortisol levels (appended material) did not differ significantly.



Table 4. Comparisons of mean values for selected laboratory parameters and allostatic load index in women with CFS, by subgroup—with and without endometriosis comorbidity.
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Sleep Study: Polysomnography Parameters (Table 5)

The total sleep time per night was about 20 min shorter in the CFS+EM group than in the CFS-only group (394 ± 15.8 vs. 414.7 ± 9.0), p = 0.30. The CFS+EM had higher mean scores for OSA episodes (20.3 ± 11.3 events/h, i.e., within the moderate severity range) than the CFS-only group (4.0 ± 2.3), p = 0.12 by Kruskal-Wallis test, p = 0.05 after adjusting for BMI. The other sleep parameters did not differ between the two groups.



Table 5. Sleep characteristics of the women with chronic fatigue syndrome, by subgroup—with and without endometriosis.
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DISCUSSION

In this study, which used a convenience sample from a population-based study of CFS in Wichita, KS, we confirmed a significantly higher prevalence of EM in women with CFS (36%) than in controls without CFS (17%). In this middle-aged group of women with CFS, comorbid endometriosis was associated with a higher number of CFS symptoms, higher prevalence of chronic pelvic pain, higher rates of hysterectomy and menopause and, most notably, with a decade-earlier menopause onset than in women with CFS-only. However, the endometriosis comorbidity in women with CFS was not associated with significantly worse functioning (SF-36 subscales), fatigue (MFI subscales), or laboratory parameters. As a group, women with CFS and EM reported, on average, one more CFS case-defining symptom and had a higher composite symptom inventory score than women with CFS-only. A higher proportion of women with CFS+EM reported post-exertional malaise. Although the latter two differences were not statistically significant, they may be clinically relevant and may reflect a health impact not otherwise captured by instruments such as SF-36 or MFI-20.


Gynecologic Characteristics

Nearly half (46.2%) of the women with CFS+EM reported chronic pelvic or abdominal pain unrelated to menstrual periods; this is similar to the frequency reported in other studies of EM (39, 40). However, it is unlikely that active EM could explain this pain in our study as only one of the 13 women in the CFS+EM group was not menopausal and 85% of the women had undergone hysterectomy. It may reflect increased pain sensitivity that has been observed in women with chronic pelvic pain (41). The CFS+EM group had a very early mean age at menopause−36 years. This early menopause was probably surgically induced as 85% of the women with CFS+EM reported hysterectomy. A large study of younger US women with EM (mean age 36 years) found that 20% had already undergone oophorectomy and/or hysterectomy (39). Our findings are also similar to the findings from a study in women with fibromyalgia, which found that women with hysterectomy reported more pain and more symptoms than women with fibromyalgia who had not had hysterectomy (42). It is also possible that some patients with chronic pelvic pain who had never undergone surgical intervention may have had endometriosis, which was otherwise undiagnosed. However, only two of the 23 women with “CFS-only” reported chronic pelvic pain. In this case, we might have underestimated the already strong association between chronic pelvic pain and “CFS + EM.” Many of the women in this study were menopausal, which is a limitation of the study as we cannot answer the question whether the enhanced symptomatology in women with “CFS+EM” is due to active endometriosis, residual effect of endometriosis, or is completely unrelated.



Sleep Parameters

Sleep problems are one of the main symptoms in CFS (19, 43). In our study women with CFS+EM had a mean of 20.3 obstructive sleep apnea events per hour, which places them in the clinical category of moderately severe obstructive sleep apnea (defined as 15–30 events/h), while the CFS-only group had fewer than 5 events/h. The prevalence of obstructive sleep apnea in women is very low prior to menopause but increases sharply after that (44). The CFS+EM group had been in menopause for a mean of ~18 years (while the CFS-only group had been in menopause for a mean of 2 years). Thus, the higher OSA scores in the CFS+EM group may be a corollary of both the earlier onset and higher prevalence of menopause compared with women in the CFS-only group, but it is not likely to be an effect of obesity as women with CFS+EM had slightly lower BMI (mean 28.6 ± 1.0) than those with CFS only (30.0 ± 1.0) and we also adjusted for BMI in the model. The 20 min/night shorter sleep duration in women with CFS+EM (395 min/night) was not statistically different from that in women with CFS-only (414 min/night) but compared to the average 480 min (8 h) considered normal/optimal for adults, the mean sleep duration of the CFS+EM group was 85 min/night shorter (66 min per night for the CFS-only group). Compared to what would be optimal per week, the CFS+EM group appears to accumulate a weekly sleep deficit of more than 9 h (and CFS-only group—a weekly deficit of over 7 h)—that is, they are missing the equivalent of one night of sleep per week.



Laboratory Parameters

In this cross-sectional study, endometriosis comorbidity in CFS did not affect negatively the studied laboratory parameters. Higher levels of inflammatory markers such as TNF-alpha have been reported in women with EM (45). In our study inflammatory markers were not higher in the CFS group and, on the contrary, TNF-alpha was even lower. Some authors have found higher levels of serum cortisol in infertile women suffering from advanced endometriosis (46) but in our study sample of middle-aged women endometriosis comorbidity was not associated with significant differences in cortisol levels in serum, or 24-h urinary cortisol excretion. It should be noted, however, that most women in our study were middle-aged, postmenopausal and thus older than the premenopausal women included in other studies of inflammatory markers and cortisol levels in endometriosis.



Psychological Variables

Although previous studies indicate that childhood stress may be linked to chronic pain syndromes such as fibromyalgia and chronic fatigue syndrome (16, 17), we did not find differences between the two groups in relation to stress experienced during childhood. Further, the groups did not differ in perceived stress during the past month, and there were no differences in indices of psychological well-being, such as depression, anxiety, or posttraumatic stress. We may thus conclude that women with CFS and endometriosis are not in worse mental health than those with CFS only, although they do report having experienced more negative life events.



Study's Strengths and Limitations

Although this study is based on a relatively small, convenience sample, its major strength is that the original study of fatiguing illness was derived from the general population of a defined geographic area and that, during the 2-day clinical evaluation, participants underwent comprehensive clinical, and laboratory evaluation to rule out conditions not compatible with a CFS diagnosis. The availability of data from the structured gynecologic history questionnaire made it possible to conduct this secondary analysis and evaluate the health impact of endometriosis on CFS. Limitations of the study include: the small proportion of women younger than 40 years (the full impact of EM might not be noted as most women were post-menopausal and EM was likely to be “inactive”), recruitment from a single geographic area (Wichita, KS), and lack of racial/ethnic diversity (94% Caucasian women) limiting generalizability of our findings. In addition, the design of the source study did not include review of medical records to confirm self-reported endometriosis and determine method of diagnosis. However, previous studies show that self-reported endometriosis has fairly good predictive ability for diagnostic confirmation in medical records (47) and a high positive predictive value of self-reported gynecologic conditions and surgeries (48). Another limitation of the study is that we did not have information on comorbidities such as irritable bowel syndrome and interstitial cystitis, which play a role in chronic pelvic pain, and we could not control for these conditions in the analyses. In interpreting the study findings it should be kept in mind that data came from a convenience sample—the source study was not specifically designed to evaluate the effects of endometriosis on health in women with CFS, and used a research case definition (19) that does not require the presence of post-exertional malaise as currently recommended by the 2015 Institute of Medicine report for the clinical diagnosis of ME/CFS (1). Further, the mean age of women in this sample was ~51 years and our findings may not be applicable to younger age groups or generalizable to U.S. women outside this community.




CONCLUSIONS

Our study found that patients with CFS and comorbid EM have more CFS symptoms, higher prevalence of chronic pelvic/lower abdominal pain, higher rates of hysterectomy, and significantly earlier onset of menopause than women with only CFS. We did not identify significant differences in functioning, fatigue scores, or inflammatory markers to be associated with comorbid EM. However, the full impact of EM might not be noted in our sample as most women were post-menopausal and EM was likely to be “inactive.” Further studies that include younger and more racially/ethnically diverse women are warranted.
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This paper introduces the primary care physician to the unique and challenging aspects of initially diagnosing and managing a complex condition for which there are a plethora of symptoms, few physical findings, no known cause, and no specific treatments. While daunting, the rewards are many, and those who pursue an interest in ME/CFS find themselves at the forefront of medicine.
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The approach to any complex problem is to break it down into small steps, and ME/CFS is no exception. The first office visit should be devoted to a history of the present illness, a physical examination, and collection of exclusionary laboratory tests. On follow-up the differential diagnosis and a treatment plan can be addressed. Many individuals with ME/CFS have been humiliated or dismissed by other providers, so one will need to be as non-judgmental as possible and acknowledge that ME/CFS is not a psychological condition but a real illness. They need reassurance that you will work with them to seek a unifying diagnosis and prioritize management.


HISTORY OF THE PRESENT ILLNESS

At the start of the interview process it is helpful to know the patient's chief concerns, focusing at first on the major symptoms. Since most patients are seeking to confirm a diagnosis of ME/CFS, you may wish to clarify the core symptoms (1). By “fatigue” does the patient mean a lack of energy and stamina, or more sleepiness? If the former, does he or she describe exertion intolerance and post-exertional malaise after over-exertion? Is this fatigue severe enough to markedly affect lifestyle, work or educational activities? Is there chronic widespread pain? If so, is it severe enough to affect mood, mobility, and sleep? Is he or she experiencing new or different headaches? Does the patient report significant problems with attention, concentration, comprehension, short term memory loss, recall, multitasking, distractibility, forgetfulness, difficulty with mental math (like making change or calculating a tip), disorientation or confusion? Are there changes in the sleep pattern or non-restorative sleep? Is he or she noting orthostatic dizziness, “stars,” tunnel vision, or feeling uncomfortable standing in place?

In addition to these core symptoms of ME/CFS, many patients have co-morbidities including fibromyalgia, irritable bowel syndrome, overactive bladder, sicca syndrome (dry eyes and mouth), dysautonomia, and others (Table 1). Thus, a detailed review of symptoms is important, and a large list of co-morbidities is supportive of the diagnosis.



Table 1. ME/CFS overlap syndromes.
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In 2015, the Institute of Medicine provided a simple and practical diagnostic tool that practitioners might find helpful for screening (1):


The diagnosis requires that the patient have the following three symptoms:

A substantial reduction or impairment in the ability to engage in pre-illness levels of occupational, educational, social or personal activities, that persists for more than 6 months and is accompanied by fatigue, which is often profound, is of new or definite onset (not lifelong), is not the result of excessive ongoing exertion, and is not substantially alleviated by rest.
Post-exertional malaise
Un-refreshing sleep

At least one of the two following manifestations is also required:
Cognitive impairment
Orthostatic intolerance
The diagnosis of ME/CFS should be questioned if patients do not have these symptoms at least half of the time with moderate, substantial, or severe intensity.



This is meant to be a preliminary diagnostic tool. If the diagnosis seems probable it is best to confirm it with a more detailed instrument such as the Canadian Consensus Criteria (Appendix A in Supplementary Material) or the 1994 International Diagnostic Criteria (Appendix B in Supplementary Material).



PHYSICAL EXAMINATION

It has been said that the physical examination is mostly normal in ME/CFS, but a careful exam can reveal many clues to this illness. The physical is also used to exclude other plausible causes for fatigue and other symptoms:

• The resting heart rate is typically higher than normal and body temperature may be subnormal.

• Blood pressures tend to be low. It is important to check orthostatic heart rate and blood pressure supine, after 1–2 min standing, and again after 5 min standing since many individuals have orthostatic hypotension or tachycardia (POTS) (2). A smaller number have Neurally Mediated Hypotension, but this is a delayed phenomenon that usually does not occur before 15–20 min of upright posture (3).

• Slowly reacting, non-reacting, or unequal pupils may reflect parasympathetic imbalance.

• Check for temperomandibular joint tenderness or crepitus.

• Non-exudative pharyngitis with “crimson crescents” in the posterior pharynx is frequently seen (4).

• Check for cervical, occipital, and axillary lymphadenopathy or tenderness.

• Check for carotidynia.

• Muscle tension in the neck and shoulders will frequently cause a loss of cervical lordosis and/or forward (“sniffing”) posture.

• Right upper quadrant tenderness without guard or rebound is common.

• Tenderness of the sacroiliac joints is very common.

• Check for joint hyperextensibility (5).

• Perform a manual tender point examination for fibromyalgia tender points or have the patient complete the 2011 clinical fibromyalgia survey (6).

• Finger-to-nose and rapid alternating movements may reveal dysmetria, dysdiadokinesia, or tremor.

• Balance testing and tandem stance (10 s) is frequently tenuous in patients.

• Romberg testing is frequently abnormal and may correlate with illness severity (7).

• Check deep tendon reflexes. Asymmetry and clonus are significant.

• Is there acne rosacea, livido reticularis, or dependent rubor?

• Ask the subject to perform Serial 7 Subtractions and the Digit Span Test.



LABORATORY

Lab studies are mostly performed to exclude other plausible causes for fatigue and are generally unremarkable. The Centers for Disease Control and Prevention has recommended (8):

Complete blood count (CBC).

Comprehensive Metabolic Panel (electrolytes, BUN, creatinine, glucose, calcium, phosphorus, total protein, albumin, globulin, alkaline phosphatase, SGOT/ALT, SGPT/AST).

C-reactive protein or Westergren sedimentation rate.

Thyroid function tests.

TSH is least important due to HPA Axis suppression in ME/CFS.

Free T4 and/or total T3.

Urinalysis.

Additionally, obtain any other laboratory studies indicated by your history and exam, such as:

ANA, Rheumatoid Factor or anti-CCP antibodies.

Cranial MRI if Multiple Sclerosis or other neurological disorder suspected, although small T2 weighted high intensity white matter lesions are seen in about 80% of cases.

Overnight sleep study (primary sleep disorders such as apnea and periodic leg movement syndrome occur in up to 60% of patients).

Sjogren's antibodies [SSA (Ro)/SSB (La)] if dry eyes and mouth are present.

Lyme serology (ELISA) or Western Blot if patient has had tick exposure or comes from an endemic area (Northeast US, Wisconsin area, California, and others).

Hepatitis C serology if “at risk” or has had elevated liver function tests.

CPK if muscle tenderness is present and myositis is suspected.

Obtain consultation if a significant psychiatric condition is present or suspected.



EXCLUSIONARY CONDITIONS, MIMICS, AND FALSE DIAGNOSES

A grave concern with ME/CFS is that the symptoms are so diverse that other conditions may seem to overlap, and one does not want to diagnose ME/CFS when another, perhaps treatable, condition is actually at fault. Of course, a diagnosis of ME/CFS should not be entertained if there is an active medical condition such as narcolepsy or thyroiditis that could plausibly explain the fatigue and other symptoms. Some disorders confound the diagnosis so profoundly that they exclude the diagnosis of ME/CFS. These include melancholic depression, bipolar depression, schizophrenia, frank psychoses, active eating disorders, alcohol and substance abuse. Individuals with a BMI > 40–45 actually experience so much fatigue that it is difficult to discriminate from ME/CFS. Conditions such as sleep apnea, sarcoidosis, inflammatory bowel disease, and rheumatic conditions can all cause fatigue but if they are treated and stable the fatigue and systemic symptoms are generally much less than experienced in persons with ME/CFS and would not be considered exclusions. If there is a questionable diagnosis, then a diagnosis of Idiopathic Chronic Fatigue should be made, and the patient followed periodically over time (Diagram 1 in Supplementary Material).



MANAGEMENT

Many patients will be seeking rapid relief and even a cure for their illness, but foremost they must have realistic expectations: ME/CFS is a chronic illness for which there is currently no known cure. Nevertheless, there are many treatments that can be helpful to reduce symptoms and improve functionality.

Most experts would agree (9) that it is most important to address exertion intolerance and post-exertional malaise first; then sleep and pain, followed by cognition and the co-morbidities. Experts will agree that patients must avoid over-exerting and then flaring or relapsing—referred to as “pushing and crashing”—which clearly exacerbates the illness and hinders improvement. The controversy surrounds how to best prevent that.

One technique is interval activity or time-based activity. If an individual knows that they can be active for a period of time without triggering symptoms—say 15 min—then he or she can shop or work for 15 min, take a break, then shop or work for another 15 min, and so on. Over time, the activity interval can be increased (10).

Another technique is to monitor steps per day by wearing a step meter or pedometer (11). It is important for patients to take at least 1,000 steps per day in order to avoid deconditioning; but patients are encouraged to calculate their average steps per day during a good week with no flares or relapses. This is typically about 2,500–3,500 steps per day. They are then encouraged to not exceed that number of steps. So if a patient went shopping or sightseeing one day and reached her average limit of 3,500 steps, she would know to quit and rest as soon as possible to avoid a flare or relapse.

Scientific evidence is mounting that patients should not exceed their Anaerobic Threshold, an activity level at which the heart and lungs cannot supply enough oxygen to the mitochondria. In the absence of oxygen, glucose metabolism is much less efficient and produces lactic acid and other toxins that seem detrimental to our patients. The Anaerobic Threshold is usually determined by specialized exercise testing, but is related to one's heart rate. So if a patient can monitor heart rate, he or she can estimate the maximum heart rate (frequently under 110 in adults) that can be tolerated without triggering a flare. Then avoid exceeding that heart rate except for short periods (12).

In short, it is very important to balance any activity with generous amounts of rest. So the patient should be encouraged to remain active, but not so active as to trigger flares and relapses.

Sleep is the next most important area to address. Start with typical sleep hygiene principles. Patients may consider over-the-counter sleep aids such as melatonin, theanine, valerian, tryptophan, antihistamines (diphenhydramine, doxylamine), or proprietary sleep aids. Low dose tricyclic or tetracyclic antidepressants, cyclobenzaprine, or low dose tizanidine are frequently prescribed to maintain sleep. If necessary, consider prescribing the usual benzodiazepine -based sleep medications to initiate sleep. Between 18 and 62% of persons with ME/CFS have primary sleep disorders, so highly consider referral to a sleep specialist if a sleep disorder is suspected (13).

Pain is another major symptom to address as it may affect sleep, mood, mobility and other domains. First identify the sources of pain: Fibromyalgia? Myofascial pain? Headache? Arthralgia? Inflammatory joint pain? Then assess the patient's need for pain intervention. Will non-pharmacologic therapy suffice such as hot packs, cold packs, liniments, baths or showers, massage, chiropractic, acupuncture, or TENS? If pharmacologic therapy is indicated, have non-opioid therapies been tried such as Cymbalta/duloxetine, Savella/milnacipran, or Lyrica/pregabalin? (7) In the last 10 years Low Dose Naltrexone has become a primary consideration in opioid-naïve individuals (14). If opioid medications are indicated, tramadol has been very effective, but many providers would be most comfortable referring to a pain specialist for anything more potent. In the case of migraine or rheumatic pain, specialists might also be indicated.

Cognitive problems tend to wax and wane, much as fatigue does. Patients need to be reassured that they are not developing Alzheimer's or dementia, and there is no evidence that such cognitive losses are permanent. While medication has helped little to improve cognition, the provider can suggest helpful techniques such as:

• Keep a calendar, notebook and calculator at hand.

• Always carry a cell phone to call for assistance, use as a GPS, or photograph your location in a parking lot or unfamiliar area.

• Develop the habit of always putting up important items such as keys, purses, wallets, and glasses in the same place.

• Plan important tasks to be done during the “best time of your day.”

• Avoid chaotic, stressful, or multisensory situations or events.

Autonomic, (auto)immune, (neuro)endocrine, psychological and co-morbid issues are managed as you would normally in your medical practice. It is imperative to address co-morbidities because they confound the ME/CFS. Consultants may be required. It is very important not to attribute all new symptoms to ME/CFS alone. Lastly, patients must maintain adequate hydration and nutrition although they tend to neglect these areas due to fatigue.



DISABILITY

It is estimated that more than 50% of persons with ME/CFS are disabled and up to 75% are unable to work or attend school regularly (1), so many patients may want to discuss the possibility of obtaining disability. Those who have a private disability contract are bound to the terms of that contract, and need to apply through their human resources department at work or directly to the insurer. If the policy is work-related it will probably be governed by ERISA regulations, which are very stringent. In that case, the individual is highly recommended to seek the advice of an ERISA-knowledgeable attorney. Those who apply for Social Security should check with their local Social Security office first to assure that they qualify with enough work credits. One must apply for Social Security within 5 years of stopping work. Patients should expect an initial rejection of their claim and then move on to an appeal and a hearing before an Administrative Law Judge. Attorney representation is strongly urged here.

Regardless of the type of disability insurance, documentation of disability will be key. The provider must document any inability to perform Activities of Daily Living (ADLs: bathing, dressing, feeding oneself, toileting, etc.) and Instrumental Activities of Daily Living (IADLS: cooking, housekeeping, shopping, laundering, socializing, managing finances, driving, traveling). In addition it is important to comment on physical abilities to lift, carry, sit, walk, or stand; and how often is the patient homebound or bedbound. This information can be obtained informally during the interview or by using checklists and forms at each visit.

Regardless of such testimony, objective evidence is most important, so supportive findings on the physical exam (especially orthostatic hypotension or tachycardia on the “stand test,” Fibromyalgia tender points, abnormal neurological findings), abnormalities on the cranial MRI, high titers of EBV VCA-IgG and/or EBV Early Antigen, are very helpful. If available, neuropsychiatric testing, tilt table testing, and 1- or 2-day Cardio-Pulmonary Exercise Testing can be extremely supportive.



MAKING TIME FOR THE PATIENT

Persons with ME/CFS (PWCs) are admittedly very complex and challenging but eternally grateful for any help that you provide. Many providers find this challenge both fascinating and rewarding, but it may also be time consuming. Many of us who first started seeing PWCs found that we had to limit the number of such patients seen each week until we developed proficiency. It was also helpful to see patients regularly—perhaps every 2–4 weeks—and limit them to 1 or 2 problems at each visit. Many practitioners will reserve the last appointment of the day for such patients so that they can spend more time, if they wish.

A few practitioners will recognize that in order to treat ME/CFS one needs not only to understand the disorder itself, but one has to also develop proficiency in the many overlap disorders/co-morbidities that frequently complement ME/CFS (Table 1). This requires considerable knowledge and special skill sets that will challenge the practitioner and provide a lifetime of learning opportunities! Those who are drawn to care for ME/CFS full time frequently need to spend more time with patients, and therefore have to work outside the typical medical office schedule. Many find it necessary to privately contract with patients and charge an hourly fee-for-service rate, based on what the provider could have earned if he or she was seeing 4–6 patients per hour in a general practice setting. Since Medicare and Medicaid have no such provisions, it is necessary to opt out of such programs.



CONCLUSION

ME/CFS is an “invisible illness” in that the patient appears normal despite tremendous hardship and impairments. For this reason these patients are frequently dismissed or mistaken as hypochondriacs. The patients greatly appreciate a provider who is knowledgeable about ME/CFS and who takes an interest in the disorder and is empathetic to their cause. Because ME/CFS is a chronic illness, regular follow-up and continuity of care is extremely important. Also, due to the many co-morbidities, one provider should assume the role of “gatekeeper” or “monitor” and provide a central source of information and prescriptions for the patient. This provider might follow-up with the patient on a monthly or quarterly basis; obtain periodic lab studies; insure that health maintenance is up-to-date; and maintain a repository of the patient's outside records and labs.

Many patients will seek information on the internet. Although much of the public information is misleading, there are several sites that can be recommended. These include:

Centers for Disease Control at http://cdc.gov/cfs

New Jersey Chronic Fatigue Syndrome Association at http://www.njcfsa.org

Massachusetts ME/CFS and FM Association at https://www.massmecfs.org

Treating CFS & FM: An Integrated Approach at http://www.treatcfsfm.org

A comprehensive Primer for physicians (2014 edition) can be found at: http://iacfsme.org/portals/0/pdf/Primer_Post_2014_conference.pdf.
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Background: ME/CFS is a complex and disabling illness with substantial economic burden and functional impairment comparable to heart disease and multiple sclerosis. Many patients with ME/CFS do not receive appropriate healthcare, partially due to lack of diagnostic tests, and knowledge/attitudes/beliefs about ME/CFS. This study was to assess the utility of US ambulatory healthcare data in profiling demographics, co-morbidities, and healthcare in ME/CFS.

Methods: Data came from the National Ambulatory Medical Care Survey (NAMCS) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) in the U.S. Weighted analysis was performed. We examined 9.06 billion adult visits from 2000 to 2009 NAMCS/NHAMCS data. ME/CFS-related visits were identified by ICD-9-CM code, 780.71, up to tertiary diagnosis.

Results: We estimated 2.9 million (95% CI: 1.8–3.9 million) ME/CFS-related visits during 2000–2009, with no statistical evidence (p-trend = 0.31) for a decline or increase in ME/CFS-related visits. Internists, general and family practitioners combined provided 52.12% of these visits. Patients with ME/CFS-related visits were mostly in their 40 and 50 s (47.76%), female (66.07%), white (86.95%), metropolitan/urban residents (92.05%), and insured (87.26%). About 71% of ME/CFS patients had co-morbidities, including depression (35.79%), hypertension (31.14%), diabetes (20.30%), and arthritis (14.11%). As one quality indicator, physicians spent more time on ME/CFS-related visits than non-ME/CFS visits (23.62 vs. 19.38 min, p = 0.065). As additional quality indicators, the top three preventive counseling services provided to patients with ME/CFS-related visits were diet/nutrition (8.33%), exercise (8.21%), and smoking cessation (7.24%). Compared to non-ME/CFS visits, fewer ME/CFS-related visits included counseling for stress management (0.75 vs. 3.14%, p = 0.010), weight reduction (0.88 vs. 4.02%, p = 0.002), injury prevention (0.04 vs. 1.64%, p < 0.001), and family planning/contraception (0.17 vs. 1.45%, p = 0.037).

Conclusions: Visits coded with ME/CFS did not increase from 2000 to 2009. Almost three quarters of ME/CFS-related visits were made by ME/CFS patients with other co-morbid conditions, further adding to complexity in ME/CFS healthcare. While physicians spent more time with ME/CFS patients, a lower proportion of ME/CFS patients received preventive counseling for weight reduction, stress management, and injury prevention than other patients despite the complexity of ME/CFS. NAMCS/NHAMCS data are useful in evaluating co-morbidities, healthcare utilization, and quality indicators for healthcare in ME/CFS.

Keywords: myalgic encephalomyelitis/chronic fatigue syndrome, National Ambulatory Medical Care Survey (NAMCS), co-morbidities, healthcare utilization, quality indicators of healthcare


BACKGROUND

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a multi-system illness characterized by reduced functioning associated with fatigue that is not due to ongoing exertion and not significantly improved by rest. Minimal mental or physical exertion may trigger relapse (termed post-exertional malaise). Additional core or common symptoms include unrefreshing sleep, cognitive problems, increased symptoms when standing, and pain, but patients may experience numerous other symptoms (1–4). Several different etiologies have been investigated for ME/CFS but so far the etiology cannot be fully explained (4, 5). Experts have noted that the terminology “chronic fatigue syndrome” can trivialize this illness and stigmatize persons who experience its symptoms (6). A variety of other names have been used, including myalgic encephalomyelitis (ME), ME/CFS, chronic fatigue immune dysfunction, and most recently, systemic exertion intolerance disease (4). In 2010, the Chronic Fatigue Syndrome Advisory Committee recommended use of ME/CFS across federal agencies within the Department of Health and Human Services. The term ME/CFS will be used in this paper.

Previous prevalence estimates of ME/CFS have varied from 0.007 to 8.34% (7–16). In the community-based studies (with or without clinical assessment), the prevalence of ME/CFS was estimated to be 0.007–8.34%, and in the clinical-based studies in primary care setting the prevalence was estimated to be 0.006–3.00%. The large variation in the ME/CFS prevalence estimates may be due to differences in study methodology, such as study population composition, heterogeneity of source populations, data collection procedures, limitations in case ascertainment, different case definitions, and operational application of case definition criteria. Moreover, most prior studies took place at a small number of hospitals or clinics, or used a population sample from one state (9, 11, 13, 17, 18).

The economic burden and functional impairment associated with ME/CFS is substantial and comparable to heart disease and multiple sclerosis. ME/CFS accounts for $18–51 billion of economic costs including $9–14 billion in medical costs and $9–37 billion in lost productivity annually (19–21). Patients with ME/CFS suffer from worse functional impairment compared to cancer, diabetes, heart disease, lung disease, multiple sclerosis, and rheumatoid arthritis (15, 22). Additionally, many patients with ME/CFS are found to have additional overlapping pain conditions such as fibromyalgia, multiple chemical sensitivity, and irritable bowel syndrome (23–27). Adjusting to a chronic, debilitating illness sometimes leads to other problems, including depression, stress, and anxiety. Like patients with other chronic illnesses, many patients with ME/CFS develop depression during their illness course (28, 29). ME/CFS patients with other co-morbid conditions have poor health and worse functioning status than those without co-morbid conditions. Co-morbid or co-existing conditions may also increase the frequency of healthcare utilization including office visits and laboratory tests (27, 30) and further complicate the management of ME/CFS symptoms. Many ME/CFS patients do not receive appropriate healthcare, partially due to constraints US healthcare systems face in addressing chronic illnesses but also due to healthcare providers lack of knowledge and misaligned attitudes, and beliefs concerning ME/CFS (31, 32).

In this study, we sought to use US national healthcare data from ambulatory visits to evaluate trends from 2000 to 2009 in ME/CFS. Additionally, we characterized demographics, co-morbidities, and healthcare services/quality indicators related to ME/CFS visits.



METHODS
 

Data Sources

This analysis was based on the National Ambulatory Medical Care Survey (NAMCS) (33) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) (34) from 2000 to 2009. Since 1992, both surveys have been administrated by the National Center for Health Statistics (NCHS), Centers for Disease Control and Prevention (CDC) (35–38). The NCHS Research Ethics Review Board approved the protocols for both the NAMCS and NHAMCS surveys, including a waiver of the requirement for informed consent of participating patients.

In brief, NAMCS collects healthcare data provided by non-federal office-based physicians whereas NHAMCS collects healthcare data provided by non-federal hospital outpatient departments (OPDs) and hospital emergency departments (EDs). Both surveys use multistage probability sampling procedures to allow for generating nationally representative estimates of ambulatory medical care services in the United States. The patient visit was the unit of this analysis. Between 2000 and 2009, response rates were 58.9–70.4% among physicians invited to participate in NAMCS, 68.3–91.0% among hospital OPDs, and 79.5–97.0% among EDs invited to participate in NHAMCS.

This analysis included the aggregated number of 748,464 adult visits (made by patients aged 18 years or older, 9.06 billion weighted visits) from the NAMCS and NHAMCS data during 2000–2009. This included 231,984 physician patient visits (7.49 billion weighted visits), 250,821 OPD visits (691 million weighted visits), and 265,659 ED visits (879 million weighted visits).



Measures

The US national ambulatory data includes up to three listed diagnoses (primary, secondary, and tertiary) for each visit. We classified all visits into two types: ME/CFS-related visits and non-ME/CFS-related visits. ME/CFS-related visits were identified using the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) code, 780.71, up to tertiary diagnosis received in provider's diagnoses during visits. The primary outcomes of interest were: (1) co-morbidities, (2) healthcare services. We also examined the associations between types of visits and patient demographics.

Co-morbidities

In addition to the provider's diagnoses for patient visits, providers (for NAMCS and OPD only for NHAMCS) indicate the presence of 14 conditions even if the condition had been reported in the diagnosis box. The 14 conditions were arthritis, asthma, cancer, cerebrovascular disease, congestive heart failure, chronic renal failure, chronic obstructive pulmonary disease, depression, diabetes, hyperlipidemia, hypertension, ischemic heart disease, obesity, and osteoporosis. We considered these to be co-morbid conditions, and compared the percentages of ME/CFS and non-ME/CFS-related visits with these conditions.

Healthcare Services

Both NAMCS and NHAMCS surveys collected information on any service ordered or provided for patients during their visits. Our analysis included three categories of healthcare services: (1) preventive counseling/management services—asthma, diet/nutrition, exercise, family planning/contraception, growth/development, injury prevention, stress management, tobacco use/exposure, weight reduction, and other counseling, (2) diagnostic/screening services—complete blood count (CBC), glucose, glycohemoglobin (HgbA1c), lipid/cholesterol, and other blood tests, and (3) non-medication treatments—Complementary Alternative Medicine (CAM), physical therapy, psychotherapy, and other mental health counseling. We also examined the length of the patient's visit. These healthcare services have been constructed as quality indicators in other illnesses along with other illness-specific quality indicators based on the Institute of Medicine's broad criteria of clinical importance, scientific soundness, and feasibility for indicator selection (39, 40).

Other variables used in this study were: (1) patient demographics- age, sex, race/ethnicity, source of payment source including insurance type, and tobacco use (current or not), (2) vital signs—body mass index (BMI), and blood pressure (BP), and (3) physician/clinic information—geographic region (Northeast/Midwest/South/West), metropolitan statistical area (MSA or not), physician specialty (NAMCS only), clinic type (OPD only), physician practice characteristics (NAMCS only; solo practitioner physician practice characteristics employment status, ownership, office type), use of electronic medical records (EMRs), and referral status.



Statistical Analysis

Statistical analyses were performed using STATA version 12 (Stata Corporation, College Station, TX). To report national estimate, the “svy” command designed for multistage weighted probability surveys such as NAMCS and NHAMCS were utilized. The NCHS analytical guidelines establish the legitimacy of combining multiple years of data from the NAMCS and NHAMCS surveys. Comparisons of NAMCS and NHAMCS suggested limited differences in the percentage estimates of ME/CFS-related visits annually. We, therefore, combined the two surveys for subsequent analyses between ME/CFS-related and non-ME/CFS-related visits.

The Pearson correlation test was used to analyze the percentage trend of ME/CFS-related visits during 2000–2009. In addition to national estimate of ME/CFS-related visits, we examined bivariate associations of ME/CFS-related visits with the following health and healthcare outcomes: (1) co-morbidities, (2) quality of healthcare such as health education services and length of patient's visit, (3) other variables such as patient and physician/clinic information, and vital signs.




RESULTS
 

Demographic Characteristics of ME/CFS-Related Visits

Table 1 shows the demographics for overall visits to physician offices, hospital outpatient departments, and emergency departments. Among 784,464 visits made by patients ≥18 years of age in the 2000–2009 NAMCS and NHAMCS datasets, we identified 130 visits (unweighted counts) indicating ICD-9-CM code, 780.71 for ME/CFS. After appropriate weighting, the estimated number of visits made by patients with ME/CFS in the United States over the 10 years period was 2.9 million [95% Confidence interval (CI): 1.8–3.9 million]. ME/CFS patient visits were mostly in the fourth and fifth decade age group (48.76%), female (66.07%), white (86.95%), metropolitan/urban residents (92.04%), and insured (87.26%). There were no statistically significant difference on the distribution of age, sex, race, residential area, and insurance between ME/CFS and non-ME/CFS related visits. Of the ME/CFS-related visits to office-based physicians, 52.12% were to general/family practitioners and internists. Obstetrics and gynecology, psychiatry, and neurology combined only accounted for <10% while all other specialties accounted for 38.13% ME/CFS patient visits. Among ME/CFS-related visits to hospital outpatient departments, general medicine clinics accounted for most of the visits (72.38%). Compared to non-ME/CFS visits, a slightly higher rate of adopting electronic health record (EHR) systems was observed in ME/CFS-related visits (35.91 vs. 42.95%).



Table 1. Patient and practice demographic characteristics of ambulatory adult visits in USA, 2000–2009.
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ME/CFS Patient Visit Trend, 2000–2009

Overall 0.03% of ambulatory visits by patients aged 18 years or older were made by ME/CFS patients. The percentage of ME/CFS-related visits was 0.04% for physician office visits, 0.02% for OPD visits, and 0.01% for ED visits. These proportions did not change significantly over time. The percentage of ME/CFS-related visits ranged from 0.02 to 0.08% during 2000–2009, and there was no statistical evidence for a linearly increasing trend across year (p-value for the linear trend: 0.31) (Figure 1).
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FIGURE 1. ME/CFS patient visit trend, 2000−2009.





Vital Signs, Continuity of Care, Providers Seen, and Visit Disposition

Table 2 summarizes the information on vital signs, continuity of care, major reason for visits, providers seen, and visit disposition of ME/CFS and non-ME/CFS patients. The vital signs of patients visiting for ME/CFS and all others did not differ significantly. The number of visits during the past 12 months made by established ME/CFS patients was greater than that by non-CFS patients (5.60 vs. 4.35, p = 0.202). Of ME/CFS-related visits, the top three reasons for visits were chronic/routine problems (60.85%), new problems (14.86%), and chronic/flare up problems (11.47%). Physicians provided care for over 90% of the patient visits for both ME/CFS-related and non-ME/CFS visits. The rates of referral to other physicians did not differ significantly between ME/CFS-related and non-ME/CFS visits.



Table 2. Vital sign and continuity of care ambulatory adult visits in USA, 2000–2009.
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ME/CFS and Other Chronic Conditions as Co-morbidities

Table 3 shows chronic conditions recorded at ME/CFS-related and non-ME/CFS visits. The co-morbidity rate was higher in visits by patients with ME/CFS than those by patients without ME/CFS (71.30 vs. 61.18%). The most frequent chronic conditions among ME/CFS-related visits were depression (35.79%), hypertension (31.14%), diabetes (20.30%), arthritis (14.11%), and asthma (13.79%).



Table 3. ME/CFS and co-morbid conditions.
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Healthcare Services and Quality

Table 4 compares quality of healthcare between ME/CFS-related visits and non-ME/CFS related visits. Physicians spent more time for ME/CFS-related visits than non-ME/CFS visits (23.62 vs. 19.38 min, p = 0.065). Fewer health counseling services were provided in ME/CFS-related visits than non-ME/CFS related visits (0.16 vs. 0.32 services per visit, p = 0.126). The most common counseling services provided during visits by ME/CFS patients were diet/nutrition (8.33%), exercise (8.21%), and smoking cessation (7.24%). Compared to non-ME/CFS visits, a lower proportion of ME/CFS-related visits was provided health education services on stress management (0.75 vs. 3.14%, p = 0.010), weight reduction (0.88 vs. 4.02%, p = 0.002), injury prevention (0.04 vs. 1.64%, p < 0.001), and family planning/contraception (0.17 vs. 1.45%, p = 0.037). Smoking cessation (tobacco use/expose) counseling was more prevalent in ME/CFS-related visits than non-ME/CFS visits (7.24 vs. 2.89%, p = 0.386). Contrary to health counseling services, more diagnostic/screening tests were provided in ME/CFS-related visits than non-ME/CFS visits (1.00 vs. 0.50 services per visit, p = 0.132). The most common diagnostic/screening tests provided during visits by ME/CFS patients were CBC (25.01%), glucose (19.05%), and lipids/cholesterol (12.84%), but did not reach any statistical significance level of 0.05. Non-medication treatment was more frequently provided at ME/CFS-related visits than non-ME/CFS visits (0.15 vs. 0.07 per visit, p = 0.244).



Table 4. Quality indicators of healthcare between ME/CFS-related and non-ME/CFS related visits.
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DISCUSSION

To our best knowledge, this is the first study that used a nationally representative healthcare sample of the U.S. to investigate the visit trend of diagnosing ME/CFS over years. This paper examined demographics, co-morbidities, and healthcare for visits by ME/CFS patients using a nationally representative sample of patient visits to physician offices, hospital outpatient departments, and emergency departments from 2000 to 2009. We found the overall estimated percentage of ME/CFS-related visits to be 0.03% with no statistical evidence (p-trend = 0.31) for a decline or increase from 2000 to 2009. Assuming no repeat visits by same patients, the percentage estimate of visits by ME/CFS patients would approximately reflect the prevalence estimates reported from previous studies in primary care settings.

Visits by ME/CFS patients report slightly more co-morbid conditions than visits by patients without ME/CFS. Over 70% of visits by ME/CFS patients report one or more co-morbid conditions, adding to complexity in ME/CFS healthcare. Our results on healthcare for visits by ME/CFS patients are mixed. While physicians spent more time during visits by ME/CFS patients than that by patients without ME/CFS, a lower portion of visits by ME/CFS patients was provided counseling for diet/nutrition, exercise, and weight reduction. On the other hand, a higher portion of visits by ME/CFS patients were provided diagnostic/screening tests and non-medication treatment twice as often as visits by non-ME/CFS patients.


Conclusion

In conclusion, we found that there is no increasing or decreasing trend in the percentage of ME/CFS-related visits during 2000–2009. Compared to visits by non-ME/CFS patients, visits by ME/CFS patients are provided more direct care time by physicians, more diagnostic/screening tests, and more non-medication treatments but less health counseling services. Future research should consider developing basic guidelines or recommendations for appropriate healthcare in ME/CFS-diagnosed visits such as providing weight reduction or nutrient/diet counseling for ME/CFS patients with greater BMI. When providing exercise counseling, one should be cautious of the impact of exercise. An individualized exercise or activity management plan should be emphasized to balance rest and activity to avoid post-exertional malaise flare-ups. Before starting any individualized exercise or activity management program, one should be carefully assessed and monitored periodically on their muscle strength and functional status for any physical activity.

It will also allow for identifying the potential interrupted time series that might be resulted from future ICD coding transition/change and the impact of the 2015 IOM recommendation on ME/CFS. Future investigation on this topic is warranted.



Study Limitation

Several limitations of this study should be mentioned. First, NAMCS, and NHAMCS do not include identifiers for individual patients; therefore, some patients who made visits more than once may have had their visits counted independently, which would yield inaccurate estimates of the variance. The surveys used a randomly selected sampling unit (a physician or facility) with a reporting period of the randomly assigned 1-week for NAMCS and 4-week for NHAMCS. Although our results showed that on average ME/CFS patients made about 5.6 visits per year and that translated into one visit every 2 months, it's less likely that the same patient would visit to the same selected physician or facility during the randomly assigned 1-week reporting period. Therefore, we believe that this limitation might affect our conclusion only to a small degree. Second, the NAMCS and NHAMCS included at most only three diagnosis codes and chief complaints. A greater number of listed diagnosis codes was associated with a higher likelihood of identifying ME/CFS. Thus, we may not have been able to identify some ME/CFS patients who were diagnosed as ME/CFS in 4th or later diagnosis. There is an ICD-9-CM code 780.79 for “Other malaise and fatigue” which converts approximately to ICD-10-CM G93.3 for Postviral fatigue syndrome ([Benign] myalgic encephalomyelitis) but 780.79 was not commonly documented in this data source. Therefore, in our analysis we focused on visits with ICD-9-CM code, 780.71 for chronic fatigue syndrome. One should also be aware that the ME/CFS related visits might be under-reported due to the possibility of a substantial level of omissions by healthcare providers. Finally, due to the small number of cases identified one should be cautious of generalizing the results beyond the general healthcare setting.
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Patients with severe myalgic encephalomyelitis/Chronic fatigue syndrome (ME/CFS) experience debilitating physical and cognitive symptoms, which often result in the need to file disability claims. A significant number of ME/CFS patients are children or adolescents. ME/CFS patients often turn to physicians who are not trained to recognize and diagnose ME/CFS, and who might or might not understand that ME/CFS is a multi-system primarily physical illness. Such misperceptions can adversely affect the doctor-patient relationship, the clinical outcomes, as well as the results of disability claims. According to the National Academies of Science, Engineering and Medicine, “Between 836,000 and 2.5 million Americans suffer from myalgic encephalomyelitis/chronic fatigue syndrome… This disease is characterized by profound fatigue, cognitive dysfunction, sleep abnormalities, autonomic manifestations, pain, and other symptoms that are made worse by exertion of any sort. ME/CFS can severely impair patients' ability to conduct their normal lives.1” The prevalence of MECFS among children and adolescents has been estimated variously as between 0.11 and 4% (1). A large percentage of children and adolescents with ME/CFS suffer from orthostatic intolerance due to one or both of these syndromes: Neurally Mediated Hypotension (NMH) and Postural Orthostatic Tachycardia Syndrome (POTS). These elements of ME/CFS often respond well to proper treatment (2, 3).

Keywords: CFS, physician education, chronic fatigue sydrome, myalgic encephalomyelitis, ME


MEDICALLY DOCUMENTING A SOCIAL SECURITY DISABILITY CLAIM

Under the Social Security Regulations, a person is disabled if he is unable to engage in substantial gainful activity by reason of a medically determinable impairment which can be expected to last for a continuous period of not <12 months or result in death2. In April 2014, SSA issued updated guidelines for evaluating disability claims involving ME/CFS3. Social Security Ruling (SSR) 14-1p provides guidance on how to develop evidence and to establish that a person has a medically determinable impairment (MDI) of ME/CFS and explains how SSA evaluates those disability claims. Under 14-1p determination of an MDI includes a diagnosis of ME/CFS by a licensed physician using the CDC case definition for CFS, and to a lesser extent, the Canadian Consensus Criteria and the International Consensus Criteria supported by specific medical evidence consisting of signs, symptoms and lab findings. Physicians must therefore know what medical evidence is necessary for patients to qualify for Social Security Disability benefits. Under 14-1p licensed physicians must provide medical reports which include a “thorough medical history including onset, duration, diagnosis of CFS/ME, and the prognosis. Any co-morbid conditions should also be included. Treatment prescribed, the patient response and all clinical findings such as the results of physical and mental status exams, lab findings or any other clinically accepted form of objective testing should also be included. Medical signs observed by the physician including orthostatic intolerance, palpably swollen or tender axillary or cervical lymph nodes, persistent, reproducible muscle tenderness on exam, abnormal immune function, non-exudative pharyngitis” are a few examples5.

It is especially important to ask patients, including children and adolescents about orthostatic symptoms. At a minimum blood pressure and pulse should be documented lying down, sitting, immediately after standing, and then after remaining upright without moving for 2 to 5 min. Patients with orthostatic symptoms and/or substantial declines in blood pressure and/or tachycardia should be considered for specialty referral.

Physicians should also note symptoms or other effects of ME/CFS including: “persistent or relapsing fatigue resulting in reduction or impairment in the ability to carry out daily or work-related activities; post exertional malaise (worsening of symptoms after physical, cognitive or emotional effort); waking unrefreshed; disturbed sleep patterns; cognitive impairments (e.g., difficulty with information processing, short-term memory, reduced concentration and attention); persistent muscle pain, tenderness, stiffness, or weakness, multi-joint pain without swelling or redness; headaches of a new type, pattern or severity; frequent or re-occurring sore throats; cardiovascular abnormalities such as palpitations; gastrointestinal discomfort such as nausea, bloating, or abdominal pain; respiratory difficulties such as labored breathing or sudden breathlessness; urinary or bladder problems such as urinary frequency, nocturia, dysuria or pain in the bladder region or visual difficulties such as difficulty with focus, impaired depth perception or severe photosensitivity6.”

Physicians should also provide an opinion about the patient's ability to perform daily activities at home, at school or at work. For example, getting dressed in the morning, organizing the day's activities, concentrating at school or at work, the ability to sustain prolonged periods of walking, sitting, typing etc, and whether these activities often cause a prolonged flare up of symptoms and decline of function (Post Exertional Malaise/ PEM).

Most disability claims made on behalf of children and adolescents with ME/CFS are supplemental security income claims (SSI) claims. SSI claims are filed on behalf of disabled children whose parents' income fall below federal poverty levels7. And in many states children on SSI can qualify for Medicaid8.

Unlike adults, children with ME/CFS (and any other disabling conditions) must provide documentation of the existence of a medically determinable physical or mental impairment or impairments which result in marked and severe functional limitations; and that the impairment(s) lasted or can be expected to last for a continuous period of at least 12 months or be expected to result in death.

In determining whether a child experiences marked and severe functional limitations in the context of a child SSI case, SSA will consider proof9 regarding all the child's impairments, including their interactive and cumulative effects, and all the relevant information in (the child's) case record that helps determine functioning, including signs, symptoms, and laboratory findings, and the descriptions about functioning from the child's parents, teachers, and other people who know, and other relevant factors.

“The medical evidence may include formal testing that provides information about the child's development or functioning in terms of percentiles, percentages of delay, or age or grade equivalents. Standard scores (e.g., percentiles) can be converted to standard deviations. When such scores (are produced), (SSA) will consider them together with the information (SSA has) about (the child's) functioning to determine whether the child has a “marked” or “extreme” limitation in a domain10.

Children and adolescents can be diagnosed with ME/CFS if they suffer from the following symptoms:

• severe disabling fatigue that lasts for at least 3 months

• headaches

• sleep problems

• cognitive problems

• sore throat

• muscle aches and pains

• nausea, and dizziness

• Post-exertional malaise is a core symptom and the most useful when making a diagnosis11.

Children experience an increase in fatigue, malaise and symptoms after an increase in exertion. For many, this means they attend 1 or 2 days of school, before becoming too unwell to attend school at all. Some children are severely affected and post-exertional malaise presents as an increase in symptoms after, for example, taking a shower or walking down the stairs. Other symptoms that are almost universal in children and adults are cognitive dysfunction and disturbed/unrefreshing sleep12.”

Since there is no impairment listing for ME/CFS for either adults or children within the Code of Federal Regulations13 governing SS cases, both adult and children cases require documentation of severe functional limitations. For an impairment to equal the listings in an SSI child case through the domains of functioning, the ME/CFS must cause severe (marked) limitations that affect at least two of the six domains of functioning or an extreme limitation that affects at least one domain14.

SSA reviews a child/adolescent SSI case by examining whether there are marked and extreme functional deficits in one or more of six domains15. The Domains of Functioning evaluates a different area of functioning important in everyday life:

1) “Acquiring and using information16

2) Attending and completing tasks17

3) Interacting and relating with others18

4) Moving about and manipulating objects19

5) Caring for yourself20

6) Health and Physical well-being21.”

Under the SSA sixth domain of functioning, “Health and physical well-being,” to determine whether a child suffers from a “marked limitation,” it will consider whether a child is frequently ill because of her impairment(s) or has frequent exacerbations of his impairment(s) that result in significant, documented symptoms or signs. For purposes of this domain, “frequent” means that the child has episodes of illness or exacerbations that occur on an average of 3 times a year, or once every 4 months, each lasting 2 weeks or more. A Marked Limitation—is a limitation that severely interferes with a child's ability to engage in activities related to a domain of functioning. A marked limitation is more severe than a moderate limitation and is less severe than an extreme limitation22,23.

SSA may also find that the child has a “marked” limitation if he has episodes that occur more often than 3 times in a year or once every 4 months but do not last for 2 weeks, or occur less often than an average of 3 times a year or once every 4 months but last longer than 2 weeks, if the overall effect (based on the length of the episode(s) or its frequency) is equivalent in severity.

The functional limitations a child or adolescent who suffers from ME/CFS might experience “marked” limitation if the child is frequently ill because of the following symptoms: severe fatigue, lightheadedness, headaches, muscle aches and pains, sore throats, nausea, dizziness, sleep and cognitive deficits. If the child attends school but cannot sit the length of time other children can, and must lay down, that is a marked functional limitation most likely because of orthostatic intolerance. If the child is like that for weeks at a time, it is clearly a marked limitation. If the child is always like that, it may fall into the extreme category. And remember that under the functional child limitations, you need to document marked limitations in two domains or one extreme limitation in one domain. If the child cannot stay vertical for long because of orthostatic symptoms, that will impact the child's ability to engage in sports, or other school related activities. If the child has cognitive deficits, it is unlikely he will be able to participate in class as other children do. They may also require special testing with additional time due to slow processing speed. If they do participate in any of these activities, they may require extended rest, or miss days of school as a result of “crashes” also known as post exertional malaise.

Any diagnostics that can confirm these deficits are acceptable sources of medical evidence under SSR 14-1p.

To establish a disability, a child with ME/CFS (or any other disability) must also establish that she also suffers from a severe limitation. “Severe” in this context requires proof that the impairments very seriously interfere with a child's ability to engage in activities related to a domain of functioning. An extreme limitation is rather rare and is only given to the worst limitations.

A child or adolescent with ME/CFS can establish disability by demonstrating two marked limitations or one extreme limitation within these domains24.

Adult ME/CFS patients experience good days and bad days and post exertional malaise following exertion which impairs sustained, predictable function which significantly impacts the ability to perform any activities on a regular and sustained basis. Therefore, the physician should discuss good day/bad day and post exertional malaise presentation of symptoms. Cognitive deficits such as difficulties processing information, remembering, concentrating, and focusing should be addressed in the report. These same limitations exist in children.

Adult ME/CFS patients may also seek benefits under a disability insurance policy provided by an employer, or through purchase of a disability insurance policy from an insurance broker. Children and adolescents do not participate in the work force such that they are entitled to private long term disability insurance so the following discussion only pertains to adults.



MEDICALLY DOCUMENTING A LONG TERM DISABILITY INSURANCE CLAIM (LTD)

Some private employers offer short and long-term disability insurance coverage to eligible employees as part of an ERISA (Employee Retirement Income Security Act) welfare benefit plan. The LTD Plan provides a percentage of pre-disability income in the event the worker becomes disabled.

Individuals can also privately purchase disability income (DI) insurance directly through an insurance broker for a specific monthly benefit amount. The latter are not governed by ERISA, but rather state insurance laws.

Just as a physician must provide medical documentation for an ME/CFS SSD claim, she must also medically document the LTD claim. A patient must accurately report the ME/CFS symptoms/limitations to the physician to assist in devising a treatment plan and to clinically document the medical chart for both SSD and LTD claims.



MEDICAL DOCUMENTATION FOR ALL DISABILITY CLAIMS


ME/CFS Patients or Their Parents Should Keep a Daily Journal With Complaints and Limitations to Provide for the Physician at Each Office Visit

ME/CFS patients often complain of brain fog or other cognitive issues which may adversely impact reporting symptoms/limitations to the physician. The physician should request the patient keep a daily journal of complaints and limitations to ensure the medical chart documents the actual state of the patient's health, and the functional limitations which result. The symptom/limitation journal can therefore provide a more accurate picture of the patient's symptoms and limitations and, when given to the physician during a visit, becomes part of the chart for a physician to review for treatment purposes, and to answer questions posed by the disability insurance company or the Social Security Administration.

Good Day/Bad Day Constellation of Symptoms

ME/CFS patients often experience “good days” and “bad days” and a patient's chronicling activities on those days is important. For example, if taking a shower on a good day requires the ME/CFS patient to rest after for a period because he is exhausted, the journal can document that.

ME/CFS patients often define a “good day” as a day when she can perform one or two activities with rest intervals, hardly a good day to most people.

On bad days, the level of function can plummet to little more than eating, drinking and going to the bathroom. A contemporaneous description of such days is critical in this context, especially when LTD insurance companies frequently employ surveillance to undermine ME/CFS claims.

The U.S. General Accounting Office also conducts surveillance in Social Security Disability (SSD) claims. As a result, the patient journal entries may not simply put that surveillance in context, it can support disability.

For example, if an investigator records an ME/CFS claimant's outside the house performing a chore or two, the investigator might extrapolate from this brief period of normal activity that the person has the ability to sustain normal function throughout a full school or work day for 5 days each week. But if the claimant's journal entry on that day, records a post exertional flare up of physical pain, fatigue, or mental exhaustion, that documented evidence can undermine the insurer's attempt to pain the claimant's functional abilities in a false light. And often, good day activity is followed by physical and/or cognitive crashes which adversely impact the patient's function the next day. Therefore, the journal's description should continue for at least 24 h or more.

A common tactic of private LTD insurers is to schedule a medical exam by one of its medical vendors and then employ surveillance before and after to document the claimant's conduct. In ME/CFS cases, claimants often experience a worsening of symptoms following the insurance medical exam. A patient's journal entry can document what surveillance does not–including the worsening of symptoms during the hours or days following the exam.

The patient journal will also likely document the unpredictability of the symptoms and limitations from 1 day to the next, and often from 1 h to the next and the frequency of post exertional malaise when activities are performed.



An ME/CFS Claimant Should not Participate in a Standard Functional Capacity Evaluation Scheduled by the LTD Insurer

Private LTD insurance companies often try to schedule standard functional capacity evaluations (FCE) (as opposed to a cardio pulmonary exercise test (CPET) performed in ME/CFS cases) to determine whether an ME/CFS claimant has the physical capacity to work. Use of the FCE for that purpose has been discredited for a variety of reasons 25.

On February 20, 2019, Richard Podell, M.D. conducted a search of the National Library of Medicine database searching keywords: Functional Capacity Evaluation, Chronic Fatigue Syndrome and located 11 citations and found there were zero studies published that claim to demonstrate any validity for the FCE as standardly used to predict or certify whether a person with chronic fatigue syndrome is well enough to be able to work. Dr. Podell has written extensively on the topic and has useful information on his website regarding documenting disability in ME/CFS cases26.

If an LTD carrier demands the ME/CFS claimant attend a standard FCE, a treating physician should prepare a letter explaining any deleterious effect that test will have on the patient's health. The most common effect of a prolonged standard FCE is post exertional malaise, and exacerbation of other physical and cognitive ME/CFS symptoms27.

It is a basic tenet of insurance law, that an insured is disabled when the activity in question would aggravate a serious condition affecting the insured's health. Lasser v. Reliance Standard Life Ins. Co., 344 F.3d 381 (3rd Cir. 2003). The treatise definition of disability holds that “[t]he insured is considered to be permanently and totally disabled when it is impossible to work without hazarding his or her health…,” 31 John Alan Appleman, Appleman on Insurance § 187.05[A], at 214 (2d ed.2007). Lasser v. Reliance Standard Life Ins. Co., 146 F.Supp.2d 619, 628 (D.N.J. 2001) [Citing Herring v. Canada Life Assur. Co., 207 F.3d 1026 (8th Cir. 2000)].



Whenever Possible, Objectively Document the Symptoms and Functional Limitations

The clinical longitudinal medical record is the first place the long-term disability insurer and SSA will look to determine the length of the illness, the signs and symptoms documented in the record, and what, if any, objective documentation of signs, symptoms and functional limitations exist. This is another reason why incorporating the patient journal entries into the medical record is critical in this context.

The primary concern of most treating physicians is to document and address patient signs and symptoms, not necessarily to record functional limitations. A hallmark of ME/CFS is debilitating fatigue and post exertional malaise (PEM)28. The LTD insurer will examine the medical record to determine whether the physician has recorded fatigue and PEM complaints during each visit, if medications were prescribed to address those complaints, the response, positive or negative the patient had to the medications, and any objective testing done to document it. The insurance reviewer will also often ask the treating physician to answer questions about the claimant's functional abilities.

Once again, the patient's journal record of complaints and functional limitations within the chart will give the physician the ability to reply to those questions.

In disability claims, medical documentation of physical exam findings during each visit, as well as, signs and symptoms, treatment plans, and objective test results often control the outcome of the claim. The patient chart charts the course of the claim29.

Cardio pulmonary exercise testing (CPET) is a diagnostic test ordered by some ME/CFS specialists to determine the extent of the functional limitations associated with fatigue and PEM. CPET testing is administered over 2 days when the patient pedals on a stationary bike while resistance is added incrementally. It monitors cardiovascular, respiration and recovery responses, workload, effort and metabolic response/oxygen consumption. Very often the MECFS patient performs significantly worse on day two, which objectively documents the existence of functionally limiting post-exertional malaise30.

While CPET is considered the “gold standard” to objectively document PEM in CFS/ME patients, it must be performed by a provider who understands ME/CFS to avoid misinterpreting the results.

ME/CFS patients often complain of many cognitive deficits including impaired information processing speed, decline in verbal fluency, memory and concentration issues31. The ME/CFS patient should be tested by a neuropsychologist familiar with ME/CFS to ensure the test results are accurately interpreted.

The more objective documentation of the ME/CFS patient complaints, the stronger the case. (with, for example the above tests and tilt table testing32, EEGs33, QEEGs34, SPECT scans35, PET scans36 MRIs37 etc.,)38 BEAM results indicated that the energy values of δ, θ, and α1 waves significantly increased in the observation group, compared with the control group (P < 0.05, P < 0.01, respectively), which suggests that the brain electrical activities in CFS patients were significantly reduced and stayed in an inhibitory state; 2) the increase of δ, θ, and α1 energy values in the right frontal and left occipital regions was more significant than other encephalic regions in CFS patients, indicating the region-specific encephalic distribution; 3) the correlation dimension in the observation group was significantly lower than the control group, suggesting decreased EEG complexity in CFS patients.

In ERISA LTD cases, the contents of the administrative record often determine whether the case is later won or lost not merely during the administrative appeal stage, but in litigation. Courts in ERISA LTD cases are often limited to determining whether the insurance claim reviewer abused its discretion in denying the claim. In such cases, the Court may not substitute its opinion for that of the insurance company unless an abuse of that discretion is found. As a result, if the LTD insurer ignores the substantial evidence of record, cherry picks only unfavorable evidence from the record to deny a claim, or otherwise fails to conduct a full and fair review of the claim, it may be found to have abused its discretion. For these reasons, the medical evidence of record in support of disability, and the ME/CFS claimant documentation of complaints and functional limitations incorporated into the medical chart are crucial. A similar review occurs in SSD cases.



Provide a “Before and After” Record of Occupational and Everyday Functional Abilities

Disability insurers and SSA require all claimants to describe their work history, especially the occupational demands prior to disability onset. When a patient requests a physician respond to a disability inquiry or provide a report on their behalf, the physician should inquire about the patient's job demands to assess whether the patient's ME/CFS symptoms, limitations and restrictions reasonably prevent the patient from performing his own occupational demands or the demands of any occupation. If an ME/CFS claimant was physically active and engaged prior to disability, but has abandoned all or many of those activities, that should also be documented in the medical record.




CONCLUSION

The ME/CFS claimant must document the total adverse effect the constellation of symptoms has on his/her functional abilities and should provide that documentation in journal form to his treating physician during each visit. No claim can succeed without medical support and documentation of symptoms and functional limitations (physical and cognitive) by informed ME/CFS medical providers. The ME/CFS claimant medical record of functional limitations, and objective documentation of those limitations provided by the treating physician is crucial to support the ME/CFS disability claim.

If keeping a daily journal is not practical, we recommend that the patient or parent at each doctor visit submit 3 or 4 recent real life examples of episodes when the patient did “too much,” how the symptoms then flared and functional abilities declined, and how many hours or days were needed before symptoms and functional abilities regained their pre-exertional baselines.
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FOOTNOTES

1http://www.nationalacademies.org/hmd/Reports/2015/ME-CFS.aspx

2See SSR 14-1p.

3SSR 14-1p “CFS is a systemic disorder consisting of a complex of symptoms that may vary in frequency, duration, and severity…”

4SSR 14-1p and https://www.ssa.gov/disability/professionals/documents/64-063.pdf

5Id.

6Id.

7https://www.ssa.gov/ssi/text-child-ussi.htm. WHO IS A “CHILD” FOR SSI?

A person who is neither married (as determined by Social Security) nor head of a household and: under age 18; or under age 22 and is a student regularly attending school (as determined by Social Security).

To be eligible for SSI benefits, a child must be either blind or disabled.

A child may be eligible for SSI disability benefits beginning as early as the date of birth; there is no minimum age requirement.

A child may be eligible for SSI disability benefits until attainment of age 18 (see definition of disability for children).

When the child attains age 18, we evaluate impairments based on the definition of disability for adults (see definition of disability for adults).

The child has a medically determinable physical or mental impairment or impairments which result in marked and severe functional limitations; and

The impairment(s) has lasted or can be expected to last for a continuous period of at least 12 months or be expected to result in death; or

8If a child is under age 18, not married, and lives at home with parent(s) who do not receive SSI benefits, we may consider a portion of the parents' income and resources as if they were available to the child. We may also count a portion of a stepparent's income and resources if the child lives with both a parent and a stepparent (or an adoptive parent and a stepparent). We also do this when a child is temporarily away at school, returns home during weekends, holidays or during the summer and remains subject to parental control. We call this process “deeming”.

We make deductions from deemed income for parents and for other children living in the home. After we subtract these deductions, we use the remaining amount to decide if the child meets the SSI income and resource requirements for a monthly benefit.

Deeming from the parent stops when a child attains age 18, marries, or no longer lives with a parent. Deeming does not apply, and we may pay up to $30 plus the applicable State supplement when: a disabled child receives a reduced SSI benefit while in a medical treatment facility; and the child is eligible for Medicaid under a State home care plan; and deeming would otherwise cause ineligibility for SSI benefits.

Also, we do not consider the income of a parent for deeming purposes if the parent receives a Public Income Maintenance payment (PIM) such as Temporary Assistance for Needy Families (TANF) and his or her other income was used to compute the PIM payment.

If either child or parent is temporarily absent from the household (less than 60 days), the rules about deemed income still apply.

In most States, a child who gets SSI benefits can get Medicaid to help pay medical bills.

In some cases, a child may be eligible for Medicaid while in an institution, but not be eligible when living at home either because of the parents' income and resources or because of other income.

At the State's option, children under age 18 who need institutional–level care and live at home may keep Medicaid eligibility while getting home care, if that care is less costly to the government.

Even if the child is not eligible for SSI benefits, the child still may be eligible for Medicaid under other State rules. Always check on Medicaid eligibility with the State.

For more information about Medicaid, you can look on the internet on the Centers for Medicare & Medicaid Services website at http://www.medicaid.gov/index.html or call toll–free, 1–800–633–4227.

In addition, other State services may also be available.

9https://secure.ssa.gov/poms.nsf/lnx/0425225020

10https://secure.ssa.gov/poms.nsf/lnx/0425225020

“We will find that you have a “marked” limitation in a domain when your impairment(s) interferes seriously with your ability to independently initiate, sustain, or complete activities. Your day-to-day functioning may be seriously limited when your impairment(s) limits only one activity or when the interactive and cumulative effects of your impairment(s) limit several activities. “Marked” limitation also means a limitation that is “more than moderate” but “less than extreme.” It is the equivalent of the functioning we would expect to find on standardized testing with scores that are at least two, but less than three, standard deviations below the mean.

If you have not attained age 3, we will generally find that you have a “marked” limitation if you are functioning at a level that is more than one-half but not more than two-thirds of your chronological age when there are no standard scores from standardized tests in your case record.

If you are a child of any age (birth to the attainment of age 18), we will find that you have a “marked” limitation when you have a valid score that is two standard deviations or more below the mean, but less than three standard deviations, on a comprehensive standardized test designed to measure ability or functioning in that domain, and your day-to-day functioning in domain-related activities is consistent with that score. (See DI 25225.020D).

For the sixth domain of functioning, “Health and physical well-being,” we may also consider you to have a “marked” limitation if you are frequently ill because of your impairment(s) or have frequent exacerbations of your impairment(s) that result in significant, documented symptoms or signs. For purposes of this domain, “frequent” means that you have episodes of illness or exacerbations that occur on an average of 3 times a year, or once every 4 months, each lasting 2 weeks or more. We may also find that you have a “marked” limitation if you have episodes that occur more often than 3 times in a year or once every 4 months but do not last for 2 weeks, or occur less often than an average of 3 times a year or once every 4 months but last longer than 2 weeks, if the overall effect (based on the length of the episode(s) or its frequency) is equivalent in severity.

C. Policy – Extreme Limitation

We will find that you have an “extreme” limitation in a domain when your impairment(s) interferes very seriously with your ability to independently initiate, sustain, or complete activities. Your day-to-day functioning may be very seriously limited when your impairment(s) limits only one activity or when the interactive and cumulative effects of your impairment(s) limit several activities. “Extreme” limitation also means a limitation that is “more than marked.” “Extreme” limitation is the rating we give to the worst limitations. However, “extreme limitation” does not necessarily mean a total lack or loss of ability to function. It is the equivalent of the functioning we would expect to find on standardized testing with scores that are at least three standard deviations below the mean.

If you have not attained age 3, we will generally find that you have an “extreme” limitation if you are functioning at a level that is one-half of your chronological age or less when there are no standard scores from standardized tests in your case record.

If you are a child of any age (birth to the attainment of age 18), we will find that you have an “extreme” limitation when you have a valid score that is three standard deviations or more below the mean on a comprehensive standardized test designed to measure ability or functioning in that domain, and your day-to-day functioning in domain-related activities is consistent with that score. (See DI 25225.020D).

For the sixth domain of functioning, “Health and physical well-being,” we may also consider you to have an “extreme” limitation if you are frequently ill because of your impairment(s) or have frequent exacerbations of your impairment(s) that result in significant, documented symptoms or signs substantially in excess of the requirements for showing a “marked” limitation in DI 25225.020B.4. However, if you have episodes of illness or exacerbations of your impairment(s) that we would rate as “extreme” under this definition, your impairment(s) should meet or medically equal the requirements of a listing in most cases. See DI 25220.010.

11https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5919160/

12https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5919160/

13CFR Part 404, Subpart P Appendix 1.

14https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

15https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

16Acquiring and Using Information

This domain considers how well a child can learn and acquire information as well as their ability to utilize the information. From birth, children start learning and acquiring information through exploring the world and receiving formal education by attending school. As they grow up, children should adapt and acquire skills in communication, arithmetic, reading, writing, and reasoning through their experiences. These skills should progress with complexity as they age and eventually can be utilized in a workplace or community environment.

A child may have a marked or extreme limitation in this domain if he or she:

He or she cannot show understanding of works related to size, space, or time

He or she is unable to rhyme words

He or she has difficulty remembering important concepts learned the day beforehand

He or she has difficulty solving math or arithmetic problems

He or she talks in simple, short sentence and has trouble explaining what they mean

17https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

Attending and Completing Tasks

This domain evaluates a child's ability to focus and maintain attention as well as their ability to begin, continue, and complete activities at a normal pace for their age. Typically a child should be able to regulate alertness, filter out distractions, and maintain focus on a task or activity. While attending school, these abilities are critical for a child to effectively follow instructions, keep organized, and complete assignments.

A child may have a marked or extreme limitation if he or she:

Is easily startled, distracted or overreacts to touch, sounds, or movements

Is slow to focus on, or unable to finish activities of interest

Frequently becomes sidetracked from activities or repeatedly interrupts other

Becomes frustrated easily and gives up on tasks

Requires additional supervision to maintain engagement in an activity

18https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

Interacting and Relating to Others

This domain focuses on a child's ability to connect and cooperate with others, abide by rules or restrictions, respond to authority or criticism, respect the possessions of others, and develop a sense of community. A child should develop close personal relationships with family and friends, and work cooperatively with other children in school or the community. A child should also understand and respect social rules in various environments such as what is behavior is acceptable at home compared to being in public at a grocery store.

A child may have a marked or extreme limitation if he or she:

Does not reach out to be picked up by his or her guardians

Has no close friends of the same age

Avoids contact with others including people they know

Has problems with adequate fluency when speaking

Has difficulty engaging in activities with rules (such as board games or sports)

Has difficulty with communication; He or she struggles with expressing emotions, continuing a conversation, or asking for help

19https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

Moving About and Manipulating Objects

This domain involves how well a child can move his or her body from one location to another and how he or she moves and manipulates objects. These movements are known as “gross” and “fine” motor skills and are described below.

Gross and Fine Motor Skills

Gross motor skills involve movement and coordination of the limbs (arms and legs) and other large body parts while fine motor skills refer to the movement and coordination of smaller body parts such as the hands, fingers, wrists, feet, ankles and toes. Gross motor skills include movements such as running, kneeling, bending, and crawling. Fine motor skills include movements such as grasping, gripping, and writing.

The physical capabilities of a child depend on his or her age. A 6 year old is not expected to have the same complex motor skills as a 16 year old. As children age, they should develop more complex motor skills appropriate for their age. Below are some examples of limitations for this domain.

A child may have a marked or extreme limitation if he or she:

Experiences sensory loss, muscle weakness, or joint stiffness

Has difficulty keeping balance, climbing stairs, or maintaining organized locomotion

Has trouble with coordinating gross motor movement

Has trouble with fine motor movement

Has difficulty with complex finger or hand movements

Has poor hand-eye coordination while using scissors or a pencil

20https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

Caring for Self

This domain evaluates how well a child is able to take care of him or herself. This includes a child's ability to meet his or her emotional and physical wants and needs as well as how the child deals with changes in his or her environment. As children grow, they should learn to understand how to regulate themselves independently and take care of their own personal needs, possessions, health, and safety (appropriate for their age).

A child may have a marked or extreme limitation if he or she:

Repeatedly places inedible objects in his or her month

Consistently engages in self-soothing activities exhibiting developmental regression

Is unable to dress or bathe properly for his or her age

Often engages in self-harming behavior or disregards safety rules

Does not seek out activities of interest

Has disturbed sleeping and eating patterns

21Id.

22https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

Health and Physical Well-Being

This domain considers the cumulative physical effects of the child's impairment(s) and its associated medications or treatments that are not considered in the “Caring for Self” domain. Physical and mental disabilities can have physical effects that vary in severity and can inhibit a child's ability to perform activities effectively or independently. The medication a child takes for his or her disability may potentially create physical side effects that interfere with daily activities.

A child may have a marked or extreme limitation if he or she:

Needs intensive medical care to maintain health and well-being

Physical limitations manifested from treatments, medication, or surgeries

Has generalized symptoms caused by his or her condition such as dizziness, lethargy, weakness, agitation, or psychomotor retardation.

23https://www.disabilitycarecenter.org/medical-qualifications/domains-of-functioning/

24https://www.ssa.gov/disability/professionals/bluebook/evidentiary.htm

25https://www.aafp.org/afp/2007/0715/p247.html and https://www.prohealth.com/library/functional-capacity-evaluation-fce-and-your-disability-insurance-benefits-33900

26http://www.fmnetnews.com/coping-resources/disability-issues, https://www.drpodell.org/

27Id.

28https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5983853/

29https://law.justia.com/cases/federal/district-courts/new-jersey/njdce/2:2015cv06197/323449/44/

30https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4482824/ and http://neuroimmune.cornell.edu/research/physiology/; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4734796/

31https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655280/ and http://www.ncf-net.org/library/sp.htm

32http://iacfsme.org/ME-CFS-Primer-Education/Bulletins/2010/Results-of-Head-Upright-Tilt-Table-Test-Full-Artic.aspx

33https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4734796/

34https://books.google.com/books?id=g_xcAgAAQBAJ&pg=PA54&lpg=PA54&dq=CFS+patients+tested+with+QEEGs&source=bl&ots=bBcUSL7DJy&sig=SSGbTXul6il-Zmhi1FFZAkvCQYY&hl=en&sa=X&ved=2ahUKEwir_Z7Z-tPdAhWDNd8KHaDkD3gQ6AEwBHoECAYQAQ#v=onepage&q=CFS%20patients%20tested%20with%20QEEGs&f=false

35http://www.spl.harvard.edu/publications/item/view/1351

36https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5111735/

37https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5633338/

38http://www.ncf-net.org/library/sp.htm

Patients with chronic fatigue syndrome and depression had similar numbers of defects per patient (6.53 and 6.43, respectively). In all groups, defects were located predominantly in the frontal and temporal lobes. The midcerebral uptake index was found to be significantly lower (p <0.002) in the patients with chronic fatigue syndrome (0.667) and patients with AIDS dementia complex (0.650) than in patients with major depression (0.731) or healthy control subjects (0.716). Also, a significant negative correlation was found between the number of defects and midcerebral uptake index in patients with chronic fatigue syndrome and AIDS dementia complex, but not in depressed patients or control subjects.
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Objective: The objectives of this study were to compare the health-related quality of life (HRQOL) of a North American population of adolescents and young adults with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) to (1) healthy controls (HC), (2) adolescents with ME/CFS in other countries, and (3) other forms of pediatric chronic illness, and (4) to examine the influence of the core illness symptoms in the Institute of Medicine (IOM) case definition on impaired HRQOL.

Study design: Cross-sectional study comparing individuals with ME/CFS referred to a tertiary care Chronic Fatigue clinic and HC. Eligible participants were age 10–30 years and met the Fukuda criteria for CFS. HC were eligible if they were age 10–30 years, with self-reported good, very good, or excellent general health. Pediatric HRQOL was measured using the PedsQL (Pediatric Quality of Life Inventory) and other validated instruments.

Results: We enrolled 55 consecutive ME/CFS patients (46 F) aged 10–23 years. From a pool of 69 potential HC we selected 55 with similar age and gender distribution for comparison. The total and subscale scores on the PedsQL and on all other measures of HRQOL indicated significantly worse function among those with ME/CFS (all P < 0.001). The self-reported frequency of post-exertional malaise (PEM) was significantly associated with the severity of impaired HRQOL (P < 0.001). Cognitive impairment had a weaker association with the PedsQL score (P = 0.02). Orthostatic intolerance was present in 96% of the ME/CFS population. Of the 55 who satisfied the Fukuda criteria, 47 (85%) also satisfied the IOM criteria for the diagnosis. Those meeting the IOM criteria had worse PedsQL total scores than those meeting just the Fukuda criteria (P < 0.001).

Conclusions: HRQOL was substantially lower in an ambulatory population of adolescents and young adults with ME/CFS than for healthy controls in North America, consistent with reports from other continents. HRQOL was also lower in ME/CFS than has been described in children with asthma, diabetes mellitus, epilepsy, eosinophilic gastroenteritis, and cystic fibrosis. The findings of this study lend further support to the inclusion of PEM, cognitive impairment, and orthostatic intolerance as core symptoms of pediatric ME/CFS.

Keywords: myalgic encephalomyelitis, chronic fatigue syndrome, health-related quality of life, orthostatic intolerance, post-exertional malaise


INTRODUCTION

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a serious, complex, multisystem disorder (1, 2). Regardless of the criteria used to make the diagnosis, ME/CFS is characterized by a substantial impairment in previously tolerated levels of activity (1, 3–7). A relatively small number of studies have compared the health-related quality of life (HRQOL) in pediatric ME/CFS to that of healthy children. These studies have used different ME/CFS case definitions and different measures of overall function (8–11). In this study, we used data collected as part of the Johns Hopkins Pediatric CFS cohort study to compare the HRQOL in our population to healthy controls, to those with ME/CFS in European and Australian samples, and to published results in other pediatric chronic illnesses.

Most research on pediatric ME/CFS has been conducted using either a broad definition of CFS that requires the new onset of three or more months of disabling, unexplained fatigue, (4) or the International Chronic Fatigue Syndrome Study Group criteria for the illness, often termed the Fukuda criteria (3). The Fukuda criteria require at least 6 months of unexplained fatigue, together with the concurrent presence (for at least 6 months) of four of eight symptom criteria (unrefreshing sleep, self-reported impairment in short-term memory or concentration, sore throat, tender cervical or axillary lymph glands, muscle pain, multi-joint pain without joint swelling or redness, headaches of a new type, pattern, or severity, and post-exertional malaise [PEM] lasting more than 24 h). PEM refers to the exacerbation of fatigue but also other symptoms following increased physical or cognitive effort. Data from pediatric ME/CFS studies in the last 25 years have emphasized the frequency and clinical impact of PEM (12–14). In part to reflect the prevalence of PEM in clinical samples, revised expert consensus definitions for the illness have regarded PEM as an essential symptom without which ME/CFS should not be diagnosed (1, 5–7). In the most recent of the case definitions, a committee of the United States Institute of Medicine (IOM) conducted a review of the evidence on major ME/CFS symptoms and manifestations. The committee proposed that the main criteria for the diagnosis should be (1) a substantial reduction or impairment in the ability to engage in pre-illness levels of activity, persisting for more than 6 months and accompanied by new-onset fatigue, (2) post-exertional malaise, (3) unrefreshing sleep, and either (4a) cognitive impairment or (4b) orthostatic intolerance. The IOM committee recommended that the diagnosis of ME/CFS be questioned if these features were not present at least half the time and with at least moderate severity (1).

Operationalizing the IOM criteria requires further work, especially in pediatrics, as children might not be aware that certain symptoms are abnormal, and might not be able to attribute a specific grade of severity to each individual symptom. Because only one pediatric study thus far has examined the IOM criteria in detail (15), two additional objectives of the current investigation were to determine the proportion of study participants who met the Fukuda criteria alone vs. the Fukuda and IOM criteria, and to examine the relationship between overall impairment in HRQOL and the specific core criteria in the IOM definition.



METHODS


Participants

Consecutive individuals with ME/CFS were included if they had been referred to the Johns Hopkins Children's Center Chronic Fatigue Clinic between October 2008 and December 2012, were age 10–30 years, and satisfied the 1994 International Chronic Fatigue Syndrome Study Group criteria (3). Participants with ME/CFS entered the study with the expectation that they would be followed and treated clinically for 2 years. Individuals with primary depression who were referred by psychiatrists for evaluation of chronic fatigue were excluded, but those who had developed depression sometime after the onset of ME/CFS were included.

A pool of controls was recruited simultaneously with ME/CFS patients during the course of 4 years. Healthy controls (HC) in the same age range were eligible if they reported good, very good, or excellent general health. HC were recruited using information sheets and posted notices in the same pediatric specialty clinic area that houses the Chronic Fatigue Clinic. The majority of recruited controls consisted of the healthy offspring of health professionals employed at Johns Hopkins Children's Center, the friends of those children, and healthy family members and friends of the ME/CFS participants.

Both cases and controls were excluded if they had conditions or treatments expected to interfere with range of motion measurement, which was a separate focus of the study, as described elsewhere (16, 17). Controls were excluded if they had a self-reported condition often associated with chronic fatigue including ME/CFS, postural tachycardia syndrome (POTS), neurally mediated hypotension (NMH), fibromyalgia, recurrent syncope, or other chronic health conditions that can contribute to fatigue. We excluded controls with major depression as measured by a T-score >65 on the Child Depression Inventory (18, 19) or a score >13 on the Beck Depression Inventory (20, 21). The study was approved by the Institutional Review Board of the Johns Hopkins Medical Institutes. Written, informed consent was obtained from participants or their parents as appropriate.



Study Measures

Participants completed the following questionnaires about their general health at study entry:

1. Pediatric Quality of Life Inventory (PedsQL): The PedsQL is a brief, 23-item, multidimensional child self-report instrument for measuring HRQOL (22). The 23-item assessment examines how much of a problem the child has experienced in the past month with health and activities, feelings, ability to get along with others (which includes social relations, and stamina), and school functioning (cognition, attendance). Responses to each item range from 0 (never) to 4 (almost always). Raw scores are transformed to total scores that range from 0 to 100, with higher scores indicating better quality of life. Five subscales within the PedsQL address physical, emotional, social, school, and psychosocial functioning. The questionnaire is available in age-appropriate formats (Child Report for ages 8–12, Teen Report for 13–18, or Young Adult for 18–24 years). This instrument is reliable, valid and commonly used in pediatric ME/CFS and other pediatric chronic illness populations (10, 11, 23, 24).

2. Functional Disability Inventory (FDI): This one-page, 15-item self-report instrument for children and adolescents asks whether in the past 2 weeks respondents had any physical trouble or difficulty doing specific activities, such as walking up stairs, being at school all day, walking the length of a football field, or going shopping (25). Responses are scored as: 0 = no trouble, 1 = a little trouble, 2 = some trouble, 3 = a lot of trouble, 4 = impossible. The total score ranges from zero (no difficulty with any activity) to 60 (all activities impossible). The FDI has good reliability and validity. It has been used to study a variety of pediatric health problems, including chronic pain and ME/CFS (8, 26, 27).

3. Wood Mental Fatigue Inventory (WMFI): This questionnaire asks subjects to rate the frequency of nine mental fatigue symptoms in the past month on a Likert scale ranging from not at all (0) to very much (4). Higher scores indicate worse cognitive difficulty (28). This measure has been shown to discriminate effectively between ME/CFS patients who are ill and ME/CFS patients who have recovered (29), to correlate with overall well-being in adolescents and adults with ME/CFS (30), and to correlate with the degree of reported brain fog among those with postural tachycardia syndrome (31).

4. Child Depression Inventory (CDI): This 27 item, self-administered instrument measures the mood of the respondent over the preceding 2 weeks (18). The measure assesses behavioral and cognitive signs of depression, applicable to pediatric populations aged 7–17 years. Scores on the 27 items are ranked from 0 (best) to 2 (worst). T-scores of 65 or higher are considered clinically significant (19).

5. Beck Depression Inventory II (BDI): This self-administered, 21-item scale of depression has been validated in adolescents age 13 and older (20). Respondents rank the severity of individual symptoms of depression (including sadness, loss of pleasures, guilty feelings, self-dislike, indecisiveness, loss of energy, concentration difficulty, and fatigue) on a 0–3 scale. Scores of 14–19, 20–28, and 29–63 indicate mild, moderate, and severe depression, respectively (21).

6. PedsQL Multidimensional Fatigue Scale (MFS): This brief, one-page questionnaire measures how much of a problem individuals have had with specific tasks that reflect general fatigue, sleep and rest, and cognitive fatigue, and total fatigue over the preceding month (32). The questionnaire is valid for patients aged 13–18, as well as for college-aged populations (33). Responses on the 18 items range from 0, never a problem, to 4, almost always a problem. As with the PedsQL, the MFS raw scores are transformed to a 0 to 100 scale, with higher scores indicating less fatigue.

7. ME/CFS Symptom Assessment: All participants responded to a study questionnaire that assessed the frequency of Fukuda criteria CFS symptoms as well as lightheadedness in the 2 weeks before study enrollment. Possible responses for the frequency of lightheadedness, fatigue, body aches, joint aches, headaches, or trouble thinking, remembering, or concentrating, were: (a) all day long, every day, (b) several times a day, every day, (c) once or twice a day, every day, (d) several times a week, but not every day, (e) once or twice a week, (f) I haven't had [this symptom]. For the frequency of sore throats and tender glands, possible responses were: (a) every day, (b) more than 5 days but not every day, (c) a few days (2–5), (d) once, or (e) I have not had [this symptom]. For post-exertional malaise (PEM), we focused on physical activity as the trigger, and asked: “In the last 2 weeks, after mild exercise how often have you felt prolonged fatigue or a feeling of illness that lasts longer than 24 h?” Possible responses were (a) 4 or more times, (b) 2 to 3 times, (c) once, (d) never. For unrefreshing sleep, we asked, “In the last 2 weeks, upon awakening after a night's sleep how frequently have you felt refreshed?” Possible responses included (a) all of the time, (b) most of the time, (c) some of the time, (d) none of the time.



Other Measurement Criteria

Onset of ME/CFS

We categorized the type of onset for ME/CFS as abrupt, abrupt on gradual, or gradual. We deemed the onset abrupt if the symptoms emerged over several days in conjunction with an apparent infectious illness or other acute event, abrupt on gradual if individuals had a gradual onset of symptoms together with a marked exacerbation in association with an apparent infectious illness or other acute event, and gradual if there had been no abrupt or acute change at the onset of symptoms.

Measurement of IOM Criteria

To operationalize the IOM criterion for a substantial reduction or impairment in the ability to engage in pre-illness levels of activity, we used a frequency of fatigue occurring at least several days per week, and either a PedsQL total score or an FDI score that was >2 SD worse than the mean reported by HC in this study. To operationalize PEM, we used a self-reported frequency of at least once over 2 weeks for prolonged fatigue or the feeling of illness after mild exercise. Unrefreshing sleep had to be present most or all of the time. Cognitive impairment was measured as a self-reported frequency of difficulty thinking, remembering, or concentrating of several times per week or more, or a score on the WMFI or MFS cognitive subscale of >2 SD worse than the mean reported by HC.

Orthostatic intolerance was considered present if (a) self-reported lightheadedness occurred at least several times per week, (b) there was a history of recurrent syncope in the presence of a structurally normal heart, considered consistent with NMH (34) or (c) previous upright tilt testing or a passive standing testing (performed in patients not being treated with medications for orthostatic intolerance) had confirmed the presence of NMH or POTS. Among individuals not previously diagnosed with or under treatment for orthostatic intolerance, we conducted further orthostatic testing using a passive standing test, methods for the performance of which along with study definitions for POTS and NMH are described elsewhere (35).



Statistical Analysis

We compared the demographic and HRQOL measures between ME/CFS patients and healthy controls using independent samples t-tests or Chi-square tests and Fisher's exact tests depending on the type and distribution of the data. Responses on the symptom frequency questions for PEM, lightheadedness, and difficulty thinking and concentrating were trichotomized based on distributions that made clinical sense and created subgroups adequate for statistical comparison. We then compared these trichotomized symptom frequencies to the PedsQL total score or the FDI using one-way ANOVA; any significant differences between groups were then explored further using the post-hoc Bonferroni test. Statistical analyses were conducted using IBM Statistics SPSS version 25 (IBM Statistics, New York) and illustrations were prepared using GraphPad Prism version 7.00 for Windows (GraphPad Software, La Jolla, California, USA, www.graphpad.com). The analysis involved multiple comparisons, but not all comparisons were independent. To reduce the probability of a type I error, we considered a P < 0.01 as significant.




RESULTS


Study Population

Fifty-five consecutive participants who met the 1994 Fukuda criteria for ME/CFS (age range, 10–23 years) were included in this study. Over the study period, we recruited 69 HC. From that group, a research assistant blinded to the quality of life data selected 55 controls who were similar in age and gender to the ME/CFS patients. As shown in Table 1, 95% of the ME/CFS participants were white, and 84% female. Individuals with ME/CFS had been symptomatic for a median of 2 years before entry to the study (range, 7 months to 10 years). All were ambulatory; no participant was primarily bed-bound.



Table 1. Demographic and clinical characteristics of the study participants.
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Twenty-five had developed ME/CFS symptoms abruptly in association with an apparent infectious illness or other acute event. An additional eight had an abrupt increase in the intensity of symptoms against a background of gradual development of some ME/CFS symptoms, while 22 had a gradual onset.



Prevalence of Fukuda Features

Using cut-points that were closest to symptoms being present at least half the time, Table 2 shows the rank order of the prevalence of Fukuda criteria symptoms for the 55 with ME/CFS and the 55 HC. As expected, those with ME/CFS had greater self-reported prevalence of all symptoms compared to HC. Of note, those with ME/CFS were most likely to report fatigue, unrefreshing sleep, PEM, and cognitive impairment, and were least likely to report sore throat, joint aches, and tender glands. Among controls, 15–20% endorsed unrefreshing sleep, body and joint pain, lightheadedness, and headaches several times per week.



Table 2. Comparison of self-reported frequency of Fukuda criteria symptoms in the preceding 2 weeks.
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HRQOL Comparisons Between ME/CFS Participants and Healthy Controls

Of the 55 with ME/CFS, 21 (38%) had changed from regular schooling due to their symptoms: seven (13%) had switched from full-time to part-time schooling, and 14 (25%) had received home tutoring. Figure 1 shows that the PedsQL total and subscale scores were significantly lower for those with ME/CFS than for healthy individuals (all P < 0.001). As displayed in Table 3, the scores on all other measures showed significantly worse HRQOL for those with ME/CFS than for healthy controls (P < 0.001).



Table 3. HRQOL comparisons for the FDI, MFS, and WMFI scales.
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FIGURE 1. PedsQL total and subscale scores for those with ME/CFS and healthy controls.



The study design excluded controls if they met criteria for depression, invalidating comparisons with the ME/CFS group. Of those with ME/CFS, 54/55 completed the BDI, the mean (SD) score for which was 15.3 (7.6). Forty-three percent had scores <14, 31% had scores from 14 to 19, 20% had scores from 20 to 28, and 6% had scores of 29 or higher. One child who was too young to complete the BDI had a normal CDI score. There was a significant negative correlation of the BDI with the PedsQL total score (r = −0.68; P < 0.001). Seven of the 46 (15%) who completed the CDI had T-scores in the clinically significant range of ≥65.



HRQOL Comparisons With Other Pediatric ME/CFS Studies

Table 4 illustrates the scores for the ME/CFS participants and HC from other studies that use the PedsQL to measure HRQOL in this illness. The PedsQL total score was slightly lower for the study populations from Norway and Australia than for our cohort. The relative pattern of subscale results was similar for those with ME/CFS participants in all studies, identifying relatively lower results for school function, and physical function than for social or emotional function.



Table 4. Comparison of PedsQL total and subscale scores with other pediatric ME/CFS studies.
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The mean (SD) FDI score in this study was 21 (10), which was similar to the means of 24.0 (9.2) and 23.1 (9.2) for the 60 Norwegian ME/CFS adolescents in each group randomized to clonidine or placebo, respectively (27). Among 68 HC in that study, the mean FDI score was 1.6 (3.1). These results were also similar to the mean score of 24 in a sample of 20 with ME/CFS reported from the UK (8).



Relationship of PEM, Cognitive Impairment, and Lightheadedness to HRQOL

To further investigate the interaction between the proposed core ME/CFS criteria and HRQOL, we examined whether greater frequencies of PEM, cognitive impairment, and lightheadedness were associated with worse scores on the various measures. Figure 2A shows that those reporting more frequent PEM in the preceding 2 weeks had significantly lower scores on the PedsQL (ANOVA F score = 10.73; P = 0.0001). Post-hoc comparisons using the Bonferroni test indicated that PedsQL scores were lower in those reporting PEM at least four times in 2 weeks than those reporting PEM 0-1 time (P < 0.001) or 2–3 times (P = 0.001), but not significantly different between those reporting PEM 2–3 times and 0–1 time (P = 0.78).
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FIGURE 2. HRQOL measured by (A), Peds QL total score, and (B), FDI, according to self-reported frequency of post-exertional malaise (PEM) in the preceding 2 weeks.



A significant association was also present for the relationship between the frequency of PEM in the past 2 weeks and scores on the FDI (Figure 2B) (ANOVA F score = 26.1; P < 0.0001). Post-hoc comparisons using the Bonferroni test indicated that FDI score was lower in those reporting PEM at least four times in 2 weeks than those reporting PEM 0–1 time (P < 0.001) or 2–3 times (P < 0.001), but not significantly different between those reporting PEM 2–3 times and 0–1 time (P = 0.18).

As shown in Figure 3A, the relationship of cognitive impairment with the PedsQL total score was weaker (ANOVA F score = 4.55; P = 0.02), as was the relation between the frequency of lightheadedness and the PedsQL total score (Figure 3B; ANOVA F score = 2.72; P = 0.08).
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FIGURE 3. HRQOL measured by PedsQL total score according to (A), self-reported frequency of trouble thinking and concentrating, and (B), self-reported frequency of lightheadedness, both in the preceding 2 weeks.





Measuring the IOM Criteria

Table 5 shows the prevalence of impaired function, unrefreshing sleep, PEM, cognitive impairment, and orthostatic intolerance according to the methods we used for operationalizing the IOM criteria. Along with self-reported frequency of unrefreshing sleep, PEM, and the other core symptoms, we defined a substantial impairment in function as a questionnaire score that was 2 SD worse than the mean of healthy controls for the PedsQL (scores of 70 or below) or the FDI (scores of eight or higher). To supplement the self-reported frequency of trouble thinking and concentrating, we also used score of 2 SD worse than the mean for healthy controls on the WMFI (scores >8) or the MFS (scores of <63).



Table 5. Prevalence of Institute of Medicine ME/CFS criteria.
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Of those with ME/CFS, 82% reported a frequency of cognitive impairment (difficulty thinking and concentrating) of at least several times per week vs. just 2% of healthy controls. Combining the self-reported symptom frequency with a WMFI or MFS cognitive subscale >2 SD worse than the mean for healthy controls identified six additional ME/CFS participants and five additional controls as meeting the criteria for trouble thinking and concentrating. As expected, there was a strong negative correlation between the WMFI scores and the cognitive subscale of the PedsQL MFS (r = −0.90; P < 0.001).

Lightheadedness at least several times per week was endorsed by 42/55 (76%) of those with ME/CFS. Four others who reported lightheadedness 1–2 times per week or less met other criteria for orthostatic intolerance: two had been diagnosed with NMH before study entry and were being treated with fludrocortisone at the time of the symptom questionnaire, and two others had a history of recurrent syncope in the presence of a structurally normal heart and were being treated with an increased intake of sodium and fluids at the time of questionnaire completion. Among the nine remaining participants with ME/CFS whose questionnaire responses indicated a frequency of lightheadedness of 1–2 times per week or less, one adolescent reported a discrepant history during the clinical interview, describing a daily “head rush” (identical to lightheadedness) with postural changes. She was therefore re-classified. Thus, 84% met the study criteria for orthostatic intolerance using the criteria of frequent lightheadedness and a prior diagnosis or treatment of orthostatic intolerance.

The remaining eight participants underwent a 10 min passive standing test; four were receiving no vasoactive medications at the time of testing, and four were being treated with one or more medications that had some potential to affect the HR and BP responses to orthostatic testing (amitriptyline for headaches [n = 1], stimulant medications for attention deficit disorder [n = 1], selective serotonin or serotonin/norepinephrine reuptake inhibitors for anxiety or low mood [n = 2], and oral contraceptives [n = 1]). Of the four medication-naïve participants, two developed POTS during the 10-min standing test, each with a 50 beat per min increase in HR while upright, and a third became presyncopal at the 6-min point of upright posture, consistent with NMH. All four had worsening or provocation of their typical chronic orthostatic or ME/CFS symptoms during the period of standing (most commonly increased fatigue, lightheadedness, and warmth). Of the four who were being treated with vasoactive medications, three developed POTS and increased symptoms, and the fourth reported increased orthostatic symptoms only during the passive standing test. In all, 96% had evidence of orthostatic intolerance if those who developed POTS or NMH during the standing test were added.



Proportion Satisfying the IOM Criteria

Forty-seven of the 55 participants (85%) who met the Fukuda criteria also satisfied the IOM criteria. Although all who met the Fukuda criteria reported fatigue several times per week or more, and all had some reduction of their pre-illness activity levels, when we applied the formal study criteria for a substantial reduction, two participants did not have a PedsQL or FDI score more than 2 SD below the mean of the healthy controls. A third participant reported refreshing sleep most of the time. Three further individuals did not endorse PEM. Two additional participants met all other criteria except for cognitive impairment or the study criteria for orthostatic intolerance. These eight who satisfied the Fukuda criteria but not the IOM criteria had significantly better scores than the 47 who met both the Fukuda and the IOM criteria on the PedsQL [70 (7) vs. 53 (15), P < 0.001], and on the MFS [59 (15) vs. 36 (17), P = 0.001]. There were marginally non-significant differences on the FDI [13 (7) vs. 22 (10), P = 0.01], the WMFI [8 (7) vs. 15 (9), P = 0.03], and the BDI [10 (6) vs. 16 (7); P = 0.03].




DISCUSSION


HRQOL in ME/CFS

The results of this study provide further confirmation of earlier reports that adolescents and young adults with ME/CFS have a significantly lower HRQOL than their healthy peers. The mean PedsQL total score in this North American population is similar to the results reported by Knight et al. in Australia using the Fukuda criteria and by Winger et al. in Norway using a broad case definition (10, 11). The scores on the FDI were also similar to findings from the large study of 120 adolescents in Norway (27) and a small study of 20 in the United Kingdom (8), both of which employed a broad case definition. Although the participants in our study had slightly better overall function as measured by the total PedsQL scores at enrollment, there was a consistency in the distribution of PedsQL subscale scores across the three studies using that measure: all reported less impairment in the social and emotional domains of the PedsQL, and greater impairment in the domains measuring physical function and school function. The low scores on HRQOL confirm the findings of Kennedy et al. using the Child Health Questionnaire to assess 25 UK children who met the Fukuda criteria. In that study, scores on limitations due to physical health problems were lower than scores reporting limitations due to emotional or behavioral difficulties (9).

One objective of the study was to situate the HRQOL results for those with ME/CFS within the context of other chronic pediatric health conditions. The PedsQL has been used to measure overall function in many chronic pediatric illnesses, allowing comparison across diagnoses (23, 24). The mean (SD) PedsQL total score for those with ME/CFS in our study [55 (16)] was lower than the reported scores for North American children with cystic fibrosis [80 (14)], eosinophilic gastrointestinal disorder [68 (14)], epilepsy [76 (14)], type 1 diabetes [74 (16)], sickle cell disease [70 (18)], and renal transplants [75 (15)] (24), and comparable to pediatric fibromyalgia [56 (16)] and diplegic cerebral palsy [54 (13)] (23). One methodological caveat is that the PedsQL scores were not obtained at the same point of treatment for all chronic conditions, so direct statistical comparisons would be misleading. Treatment of ME/CFS had been initiated in only some of our patients at the time of administration of the PedsQL, whereas clinical samples of patients in the other studies likely would have included individuals at different stages of the usual treatment of their conditions, therefore resulting in higher scores than at the outset of treatment. Nonetheless, even without incorporating the scores of severely impaired ME/CFS patients, who were unable to participate in clinic-based studies, the lower scores of the ME/CFS participants emphasize the profound degree of interference of the illness with normal activities in childhood.

A novel finding of this study is the correlation of impairment in HRQOL with the frequency of PEM, at least for an ambulatory population with ME/CFS. Prior investigations of the importance of PEM had compared its frequency in those with ME/CFS to healthy controls, but, surprisingly, to the best of our knowledge, no study had examined the association of PEM with the severity of impairment or HRQOL, or with the severity of specific symptoms. Such comparisons would be important as a test of whether PEM is a critical symptom that should be accounted for in illness definitions. In our study, as the frequency of PEM increased, the mean PedsQL score fell and the mean FDI score increased, consistent with a significant association of PEM with worse overall function. This relationship might not be expected to obtain for those who are bedbound, as they might be too ill to engage in much physical activity or might electively restrict their activities to avoid provoking this symptom. Although a limitation of our assessment of PEM was that we only asked about PEM induced by mild physical activity, the responses to this single question identified PEM in 95% of the study population. Future studies will need to examine the added yield of questions about PEM following varying degrees of cognitive, orthostatic, or neuromuscular stress (36–38).



Implications for Measuring Orthostatic Intolerance

An important aspect of the study methodology was that we included a comprehensive evaluation of orthostatic intolerance, incorporating the self-reported frequency of lightheadedness as well as a detailed clinical history and, where necessary, orthostatic testing. Although significantly more ME/CFS participants described lightheadedness several times per week or more compared to healthy controls [76 vs. 15%, P < 0.001], the prevalence of orthostatic intolerance increased to 84% when a history of recurrent syncope or prior positive orthostatic testing was included. A further 12% developed POTS or NMH in response to a 10-min passive standing test in clinic, all of whom reported provocation of their usual ME/CFS symptoms when standing. There is as yet no consensus on which of these criteria should be considered valid for confirming orthostatic intolerance. Among the caveats about orthostatic testing that need to be considered are that (1) the response to head-up tilt table testing can be abnormal in otherwise healthy individuals, some of whom develop hypotension or syncope during the procedure (30, 39), (2) as the current HR criteria for POTS are defined, approximately 5% of healthy adolescents would have at least a 40 bpm increase in heart rate during 10 min upright (39), some of whom might endorse chronic lightheadedness in daily life. We are unsure how many healthy individuals would develop increased orthostatic symptoms during a 10-min passive standing test, although the available data from tilt testing suggests this would be infrequent. Singer et al. reported that 8/106 (8%) of healthy controls developed orthostatic symptoms during a 10 min head-up tilt test, none of whom had a history of syncope or orthostatic symptoms (39). Moreover, chronic fatigue was reported by only 5% of the healthy controls in our study. Because healthy controls have a low prevalence of chronic orthostatic symptoms in daily life, and a low prevalence of orthostatic symptoms provoked during upright tilt, we would assume a similarly low rate of provocation of orthostatic symptoms in healthy adolescents during passive standing tests. These caveats notwithstanding, our results illustrate the potential for the prevalence of orthostatic intolerance to be underestimated if it is only measured by self-reported lightheadedness. Other questions that ask about orthostatic provocation of fatigue, PEM, difficulty thinking and concentrating, headache, pain, nausea, and warmth deserve further study to determine whether they add to the yield of lightheadedness as a reflection of orthostatic intolerance in ME/CFS. Taken together, the findings from this study provide further support for the inclusion of orthostatic intolerance in the case definition of ME/CFS, as was recommended in the IOM report.



Implications for ME/CFS Case Definitions

Our study findings have several implications for case definitions of pediatric ME/CFS. First, although the 1994 Fukuda criteria for CFS had included post-exertional malaise (PEM) as one of eight symptom criteria, four of which were needed to meet the illness definition, individuals could satisfy the Fukuda criteria without experiencing PEM. Subsequent ME/CFS case series have shown that PEM is described by 71–96% of adolescents with ME/CFS (12–14). The data from our study showing a significant correlation of PEM with overall HRQOL impairment provide further support for the inclusion of PEM in pediatric case definitions for the disorder.

Second, because the Fukuda criteria were published in 1994, and modern attention was only drawn to orthostatic intolerance as a common co-morbid problem in 1995 (30, 40), the Fukuda criteria did not mention lightheadedness as a qualifying diagnostic feature. While orthostatic intolerance is mentioned more explicitly in subsequent case definitions, the Canadian Consensus Criteria (CCC) did not require orthostatic intolerance to be present in order to satisfy the diagnosis in either adults or children (5, 6). The CCC require that individuals report one symptom from among two of the following three categories: autonomic, neuroendocrine, and immune manifestations. It would thus be possible to meet the CCC ME/CFS definition with “recurrent feelings of feverishness and cold extremities” (neuroendocrine) and “sore throat” (immune), without having lightheadedness or objective evidence of orthostatic intolerance. To qualify as having ME/CFS by meeting such vague and non-specific symptom criteria could lead to inclusion of conditions other than ME/CFS in studies. It remains to be seen whether the other qualifying criteria for the pediatric CCC (fatigue for at least 3 months, unrefreshing sleep, pain, and neurocognitive manifestations) capture the main features of the illness well-enough to make the inclusion of the CCC autonomic/neuroendocrine/immune criteria irrelevant, raising the question of whether the diagnostic criteria could be further simplified.

Second, the international ME criteria list orthostatic intolerance as one manifestation under the rubric of “energy production/transportation impairments.” While impaired energy production could be a cause of orthostatic intolerance, impaired energy production is more likely to be a consequence of orthostatic intolerance, directly related to reduced blood flow, and reduced oxygen delivery to tissues. The international ME criteria require only one symptom or feature from among four categories that include cardiovascular, respiratory, loss of thermostatic stability, or intolerance of extremes of temperature. An individual could thus satisfy the ME criteria with intolerance of cold temperature and sweating episodes, without clear evidence of orthostatic intolerance. Given the high prevalence of orthostatic intolerance in pediatric ME/CFS, our data suggest that this symptom requires greater emphasis than it received in the CCC and ME criteria, at least for pediatric case definitions.

Third, the desire for clinicians to have a sensitive case definition that will identify the largest number of individuals (who might then benefit from treatment) conflicts with the desire for researchers to have a more specific, restrictive case definition that identifies those with more profound impairment and ostensibly a more “pure” form of the illness (1). This dilemma is complicated by the lack of scientific clarity regarding whether ME/CFS is a single, unitary condition, or a disorder that encompasses several overlapping conditions with multiple causes. Debates about these issues are unlikely to be resolved until a gold standard diagnostic test is developed. In the current study, the Fukuda criteria identified a slightly larger group than the IOM criteria. Those who met both the Fukuda and the IOM criteria had more severe impairment than those who met the Fukuda criteria alone. Our study proportion meeting the IOM criteria differs substantially from the proportion reported by Asprusten et al. In contrast to the 85% meeting IOM criteria in our study, only 45/114 (39%) of their participants who met the broad definition of pediatric CFS (3 months of unexplained fatigue that interfered with normal school attendance) satisfied the IOM criteria (15). The IOM positive and negative groups in the Asprusten study did not differ on baseline measures except for the depressive symptoms scores on the Mood and Feelings Questionnaire. The FDI and Peds QL scores for the IOM positive and negative groups were not reported; scores on both questionnaires for the overall group were comparable to our study results. Given the similarity in overall HRQOL in participants enrolled in each study, the magnitude of the difference in the prevalence of IOM-positive participants in our study and the Asprusten study is unlikely to be due to chance. Rather, the large difference in proportions meeting the IOM criteria suggest that variability in the methods for operationalizing the IOM definition were responsible for the differences. Our operational definition of PEM required that it occur at least once over 2 weeks, which was reported by only 7% of HC. We assumed that some patients might be restricting their activity sufficiently to avoid provoking PEM, and reasoned that a single episode of prolonged PEM confirmed the presence of that symptom. This might have resulted in a less restrictive criterion for PEM than in the Asprusten study, which required the endorsement of four separate questions on the symptom, illustrating the potential for marked variability in outcomes to result from differences in the way in which disease criteria are operationalized.

Fourth, as the level of functional impairment increased in our participants with ME/CFS, so did the scores on the Beck Depression Inventory. There was a strong negative correlation between the Peds QL and the BDI scores. This result is influenced by the ascertainment in the BDI of several somatic symptoms that would be consistent with ME/CFS. Even among individuals who are free of self-reproach, anhedonia, and depressed mood, respondents could score a up to 15 points on the BDI for items related to indecisiveness, concentration difficulty (cognitive impairment), loss of energy, changes in sleeping pattern, and tiredness or fatigue (fatigue, impaired function), all of which would be expected to be common in adolescents with ME/CFS. We did not measure the independent influence of ME/CFS and mood disorders on HRQOL, but other pediatric investigators have done so. In their population of adolescents with ME/CFS, Winger and colleagues found higher rates of depressed mood using the Mood and Feelings Questionnaire (10). Higher levels of depressive symptoms were associated with lower quality of life in both ME/CFS patients and healthy controls, but both depressive symptoms and having ME/CFS were independently associated with worse HRQOL (10). The BDI and other depression questionnaires can be helpful clinically to identify those with greater reporting of self-reproach, guilt, and lack of self-worth—all symptoms that would warrant a greater focus on the individual's affective response to chronic illness. However, the questionnaires cannot distinguish whether the depression preceded or was a secondary reaction to being chronically ill with ME/CFS. Other measures of depressed mood that rely less on overlapping somatic symptoms of ME/CFS deserve further attention in pediatric ME/CFS research, as has been suggested in the adult ME/CFS population (41). The Hospital Anxiety and Depression Scale, as used by other ME/CFS groups (11, 42) might demonstrate less co-linearity and be more appropriate for determining whether there is a true correlation of disease severity and affective state.




LIMITATIONS

This study had several limitations. Because patients were evaluated at a tertiary care center, participants might not be representative of the entire population with pediatric ME/CFS. Our study population would have excluded those at the severe end of the spectrum who were bed-bound and unable to attend frequent clinic visits. Inclusion of bed-bound individuals would have had the effect of further lowering the HRQOL scores. Conversely, we included some with mild ME/CFS who did not meet the more stringent IOM criteria for the illness, although all had some limitation in their overall ability to engage in pre-illness activities. The 2-year median duration of illness and the intensity of the pre-study treatment trials may have affected the scores of HRQOL measurements.

We cannot exclude the possibility of selection and referral biases. For example, our group's interest in orthostatic intolerance might have resulted in a greater referral of individuals suspected of having orthostatic intolerance; 33% had been tested for that diagnosis at enrollment. For the remainder, the clinical history clarified that most were unaware of the relationship of orthostatic intolerance to ME/CFS, and were not aware of the clinical features of POTS and NMH. Other studies that use the same ascertainment methods for orthostatic intolerance will be needed to confirm our results.

The use of a cut-off that was more than two SD worse than the mean scores for HC as the definition of substantial impairment in general function or of cognitive impairment is relatively conservative. Further study will be needed to determine whether this excludes too many who might meet ME/CFS disease criteria using other methods of operationalizing the illness, such as less stringent cut-points of 1.5 SD from the control means.



CONCLUSION

The current study confirms a marked impairment in HRQOL in North American adolescents and young adults compared to healthy controls. The HRQOL data were similar to those reported in European and Australian pediatric ME/CFS populations, regardless of which case definition is used. All studies of adolescents report substantially worse function than have been reported for children with other common chronic health impairments. Our study identified a strong correlation of overall HRQOL with the frequency of PEM as well as a >90% prevalence of cognitive impairment and orthostatic intolerance. Individuals who met both the IOM and Fukuda criteria for the diagnosis had worse HRQOL than those who met the Fukuda criteria alone. The data from this study lend further support to the inclusion of PEM, cognitive impairment, and orthostatic intolerance as core features of pediatric ME/CFS, and should help inform future discussions regarding a pediatric case definition.
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Background: It is well known that adolescents with chronic fatigue syndrome (CFS) experience greater school absenteeism compared to healthy adolescents. Less is known about other important aspects of school functioning including school participation, school connectedness, and academic performance in students with CFS. The aim of this study was to compare school functioning as a multifaceted construct in adolescents with CFS to healthy adolescent peers. We also explored whether illness factors were associated with school functioning in adolescents with CFS.

Methods: Thirty-nine participants with CFS and 28 healthy controls (aged 13–17 years) completed a range of subjective and objective measures of school functioning, as well as measures of fatigue and emotional symptoms.

Results: Adolescents with CFS demonstrated significantly higher rates of school absence, as well as poorer school-related quality of life, reduced school participation, poorer connectedness with school, and reduced academic performance. Fatigue severity and emotional symptoms were significantly associated with most aspects of school function.

Conclusions: Adolescents with CFS are at increased risk for poor school functioning across a range of indicators which extend beyond school absenteeism.

Keywords: adolescents, chronic fatigue syndrome, school absence, academic performance, school, chronic health condition

Adolescent chronic fatigue syndrome (CFS) is a complex condition that is characterized by intense, medically unexplained fatigue together with a range of sleep, pain, cognitive, neuroendocrine, and immune symptoms (1). The estimated incidence of CFS in children and adolescents varies widely (from 0.003 and 2.0%); however, it is consistently found to be more common in females (2, 3). CFS is associated with significant functional disability and this has a considerable impact on emotional, physical, and social functioning (4–9).

Due to the significant functional disability associated with CFS, several studies have associated CFS with high rates of school absence (4, 9–14). The average amount of time away from school for students with CFS has been estimated to be 1 year across their school life (15).

Most studies evaluating school functioning in the context of CFS have been limited by the use of relatively narrow definitions of school functioning, such as defining school functioning solely in terms of school attendance/absence (16). Adolescents with CFS have described difficulties with completing subject requirements and keeping up with academic work (17) and have also reported that their condition impacted on their education or career plans (18). Beyond school attendance, domains of functioning including academic performance, school participation, and school connectedness, have seldom been formally investigated in students with CFS despite their demonstrated links to school success and positive adjustment (16, 19). Taking a broader, more holistic approach to assessing school functioning is crucial in order to more comprehensively understand the impact of CFS and to help inform targeted strategies to optimizing educational outcomes in this vulnerable group (16). There is also limited research directly comparing school functioning in adolescents with CFS with their healthy peers (16). The lack of available normative rates of school absence and other indicators of school functioning makes it difficult to interpret findings and understand the extent and implications of school difficulties for students with CFS. This is in contrast to the larger body of research that has enhanced our understanding of the impact on school functioning in other chronic health conditions, such as childhood cancer, asthma, attention-deficit hyperactivity disorder, gastrointestinal diseases, and chronic pain (20–22).

The relationships between illness factors (e.g., fatigue severity), emotional symptoms, and school functioning in CFS have seldom been a focus of research. In a large sample of patients with CFS, Crawley and Sterne (13) found that children with better physical functioning were more likely to attend school. However, there was no evidence that gender, age, illness duration, anxiety, depression, or pain were associated with school attendance.

To summarize, there is substantial evidence that adolescents with CFS miss large amounts of school; however, our understanding of the impact of CFS on specific aspects of school functioning is limited and requires further exploration. A more thorough understanding of school functioning is an important step toward identifying risk and protective factors associated with school outcomes in the context of CFS. The aim of the current study was to compare adolescents with CFS to healthy peers across multiple aspects of school functioning, including school absence, quality of life in the school setting, school participation, school connectedness, and academic achievement. We also sought to determine whether fatigue severity and emotional symptoms were associated with aspects of school functioning in adolescents with CFS.


MATERIALS AND METHODS


Participants

Patients aged between 13 and 17 years with a diagnosis of CFS were recruited from a pediatric tertiary hospital, The Royal Children's Hospital, Melbourne, Australia. To be included in the CFS group, participants required a formal diagnosis of CFS made by a pediatrician specializing in CFS at the tertiary institution. Diagnoses were made via diagnostic interview, laboratory examinations and a medical examination using the Canadian criterion reference (1).

Control participants aged between 13 and 17 years were recruited via convenience sampling (i.e., researchers approached family members, friends, and work colleagues with children in the study age range).

Eligibility of both groups required the ability to speak or read sufficient English to complete the self-report questionnaire and assessments, and at least one parent with sufficient English to complete questionnaires. Exclusion criteria for the CFS group included severe cognitive impairment, learning disability, and/or permanent school absence or home schooling. Participants in the control group were excluded if there was a severe cognitive impairment, neurological disorder, learning disability, chronic health condition, psychiatric diagnosis, and/or permanent school absence or home schooling.



Measures

Demographics and Medical Information

Basic demographic information (age, gender, ethnicity, and parental education status) were collected via an online questionnaire completed by parents. Parents were asked when their child first started displaying signs of fatigue. Estimated illness duration was calculated in months, from date of initial signs of illness to date of assessment.

Estimated Intelligence

Level of general intellectual function was estimated using the Wechsler Abbreviated Scale of Intelligence—Second Edition (WASI-II) (23). The WASI-II is a brief standardized measure that provides an estimate of general intellectual ability in 6–89 year olds (Full Scale IQ-2 score or FSIQ-2) across two subtests, including Vocabulary and Matrix Reasoning. The Vocabulary subtest provides a measure of verbal crystallized knowledge. The Matrix Reasoning subtest measures nonverbal fluid abilities. Reliability coefficients for the FSIQ-2 for adolescents range from 0.92 to 0.95, with an average of 0.93 (23).

Fatigue Symptoms Severity

Symptoms of fatigue were measured in the CFS group and control group using The Pediatric Quality of Life Inventory- Multidimensional Fatigue Scale, self-report version (12–18 years; PedsQL MFS) (24, 25). The PedsQL MFS is comprised of 18 items and three dimensions, including; General, Sleep/Rest and Cognitive fatigue, as well as a Total Fatigue score. The 18 items are rated on a five-point scale: “Never,” “Almost Never,” “Sometimes,” “Often,” and “Almost Always.” Respondents were asked how much of a problem each item had been during the past 1 month. For example, “I feel too tired to spend time with my friends”; “I sleep a lot”; “It's hard for me to think quickly.” Items are reverse scored and linearly transformed to a 0–100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), higher scores indicate fewer problems with symptoms of fatigue, lower scores indicate greater problems with symptoms of fatigue. The scale scores of this measure have demonstrated good to excellent patient self-report reliability and validity across a number of pediatric chronic health conditions, including chronic fatigue syndrome (25, 26).

Emotional Symptoms

Emotional symptoms were measured using the self-report version of the Strengths and Difficulties Questionnaire (SDQ) (27). The SDQ is a 25 item questionnaire that explores common child and adolescent behavioral and emotional problems using a three-point Likert scale (0 = “Not true,” 1 = “Somewhat True,” and 2 = “Certainly True”). A high score on the Emotional Symptoms sub-scale indicates greater problems. The SDQ is one of the most widely used measures in child mental health research and has demonstrated acceptable reliability and content validity (28).



Measures of School Functioning

Extra Educational Supports

Parents of adolescents in both the CFS group and control group were asked the following question in order to obtain data on external educational support: “Does your child receive any extra educational support or modifications to their schooling?” The following categories were provided; “Modified curriculum,” “Reduced work load,” “Visiting teacher service,” “Private tutoring,” “Individual school tutoring or regular individual student/teacher contact,” “Access to distance education,” “Access to distance education as a dual enrolment with their regular school,” “Access to the Program for Students with Disabilities funding (DEECD),” “Other.”

School Absence

School absence was measured by asking parents of adolescents in the CFS group and control group: “How much school on average has your child missed due to illness or being sick or unwell in the last term?” The degree of absence was indicated using the following response set: None (My child didn't miss any school), About 10% (e.g., one half day per week), About 20% (e.g., 1 day per week), About 30% (e.g., one and a half days per week), About 40% (e.g., 2 days per week), About 50% (e.g., two and a half days per week), About 60% (e.g., 3 days per week), About 70% (e.g., three and a half days per week), About 80% (e.g., 4 days per week), About 90% (e.g., four and a half days per week), 100% (My child did not attend school), Not applicable (N/A).

Quality of Life in the School Setting

Quality of life in the school setting was measured using the 5-item School Functioning subscale of the Pediatric Quality of Life Inventory—self report (PedsQL, V 4.0) (29). The School Functioning scale is comprised of five items, which are rated on a five-point scale in terms of the degree to which the respondent reports having problems with school functioning: “Never,” “Almost Never,” “Sometimes,” “Often,” and “Almost Always.” The PedsQL 4.0 School Functioning scale score has good reliability (α = 0.72) and validity in a range of health conditions, including CFS (25, 29). Items are reverse scored and linearly transformed to a 0–100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0). The School Functioning score was calculated by averaging the five school functioning items. Higher scores indicate better overall school functioning. Items on the subscale assess problems regarding “keeping up with school work,” “paying attention in class,” and “forgetting things” in the context of school.

School Participation

To assess the extent to which participants take part in school activities all participants completed The Child and Adolescent Scale of Participation (CASP) (30), school participation sub-test. The CASP is a reliable and valid measure with high internal consistency (α = 0.96) (30). This measure consists of 20 ordinal-scaled items and four subsections: (1) Home Participation, (2) Community Participation, (3) School Participation, and (4) Home and Community Living Activities. The 20 items are rated on a four-point scale: “Age Expected (Full participation),” “Somewhat Restricted,” “Very Restricted,” and “Unable.” A total school participation score was obtained by averaging the sum of all five school participation items. Higher scores indicate better school participation.

School Connectedness

To obtain a measure of school connectedness The Psychological Sense of School Membership (PSSM) (31) scale was completed by all participants. This scale measured student's perceptions of belonging, connectedness and psychological engagement in school. The PSSM is a reliable and valid measure with good internal consistency (α = 0.88) (31). The PSSM includes 18 items rated on a five-point Likert scale, ranging from 1 = “Not at all True” to 5 = “Completely true.” Reverse scoring is necessary for five of the items; the scores are then summed into a total score. Higher scores on the PSSM indicate better connectedness and psychological engagement with school.

Academic Performance

Participants were administered the Wechsler Individual Academic Achievement Test—Australian Abbreviated—Second Edition (WIAT-II-A) (32), to assess their current academic ability. The WIAT-II-A is a reliable and valid, age-standardized measure that assesses the academic achievement of individuals across three subtests: Word Reading, Numeral Operations, and Spelling. Scores from subscales are added to provide an overall academic composite. Standard scores have a mean of 100 and standard deviation of 15. Higher scores indicate better academic functioning.



Procedure

Ethics approval was obtained from The Royal Children's Hospital's Human Research Ethics Committee (HREC#34060) and written, informed consent was obtained from all participants and their parents. Participants were recruited for this study over a 15 month period (April 2014–July 2015). Families interested in participating in the study were screened over the phone to confirm that they met study criteria. Families were emailed a link to complete the secure online questionnaire. Study data was collected and managed using REDCap electronic data capture tool (33). REDCap is a secure, web-based application designed to support data capture for research studies. Formal assessments using the WASI-II and WIAT-II-A were completed in a quiet room dedicated to such assessments at the hospital.



Data Analysis

All data were analyzed using Stata 14 (34). Preliminary analyses included chi-square, Mann-Whitney U, and independent samples t-tests to assess group differences on demographic and illness characteristics. Group differences in reported school supports was also evaluated using chi-square statistics. Effect sizes were also reported. Cohen's d was used for continuous data and Cramer's V for categorical data.

For the first aim, due to group differences in age and estimated intelligence, separate linear regression analyses were conducted to evaluate group differences in school functioning, where each individual school functioning variable was the outcome and “group” (i.e., CFS/control group) was the predictor, adjusting for age and estimated FSIQ. Mean differences (i.e., unstandardized regression coefficients [b]) with p values were reported. Given the multiple comparisons made in this study, standardized regression coefficients (β) were also evaluated. The standardized regression coefficients were used as measures of the effect size (cutoff points: 0.1 = weak prediction, 0.3 = moderate prediction, 0.5 = strong prediction).

For the second aim, separate linear regression analyses were conducted for the CFS group only to investigate the association between the school functioning variables and illness duration, fatigue, physical health, and emotional symptoms. The b values, significance level, coefficient of determination (R2 as a percentage) and β values of each model were reported. Significance for all analyses was determined at an alpha level of 0.05.




RESULTS


Sample Characteristics

Out of the 78 CFS patients who were invited to participate in the study, 39 consented and participated, constituting a recruitment rate of 50%. Of the families who did not consent (n = 39), reasons for non-participation included health reasons, distance from hospital, time, disinterest in study, unable to be contacted, and unable to schedule academic assessment during study period.

The overall sample in this study comprised 67 adolescents (39 CFS, 28 healthy controls). Of the 39 patients in the CFS group, 4 participants did not compete the CASP. There was no missing data in the control group.

On key demographic variables, there were no significant group differences with the exception of small, but statistically significant differences in age (p = 0.003) and estimated intelligence (p = 0.011) (Table 1). Correspondingly, these variables were used as covariates in further between group analyses. Both groups had a higher preponderance of females. Parental educational status was similar in both groups with the majority of mothers (primary caregiver) reporting a minimum of tertiary education. In the CFS group, the majority reported an infectious illness as a trigger for their child's illness and illness duration varied greatly (11–75 months). As shown in Table 2, compared to the healthy control group, the CFS group were significantly more likely to have a modified curriculum (p = 0.001), reduced work load (p < 0.001) and access to the visiting teacher service (p < 0.001), but not private tutoring, individual school tuition or access to distance education.



Table 1. Sample characteristics.
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Table 2. Extra educational support.
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Group Differences in School Functioning

The first aim was to investigate group differences in aspects of school functioning between participants with CFS and the healthy control group. As shown in Table 3, the CFS group reported significantly greater school absence, poorer quality of life in the school setting, and reduced participation (all p < 0.0001, β > 0.5) compared to the control group. Significantly reduced school connectedness and academic performance were also observed in the CFS group, but with smaller effect (p < 0.05, β < 0.3). As expected, participants with CFS reported significantly higher levels of fatigue (p < 0.0001, β = 0.80) and emotional symptoms (p = 0.015, β = 0.33), compared to healthy controls (Table 3).



Table 3. Mean differences between CFS group and controls on school functioning, fatigue and emotional symptoms.
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Influence of Fatigue and Emotional Symptoms on School Functioning in CFS Group

The second aim was to investigate the relationship between fatigue and emotional symptoms, and school functioning within the CFS group. Regression results are shown in Table 4. Fatigue levels were strongly associated with all aspects of school functioning (all p < 0.001, β = 0.53–0.69) with the exception of academic performance. Fatigue levels were able to explain a substantial amount of the variance in school absence, quality of life in the school setting, school participation and school connectedness (R2 = 28–48%). Emotional symptoms were significantly associated with quality of life in the school setting (p < 0.001, β = 0.51), school participation (p = 0.01, β = 0.18), and school connectedness p < 0.0001, β = 0.55), but not school absence or academic performance. Overall, the amount of variance explained by emotional symptoms appeared slightly lower compared to fatigue levels (R2 = 18–31%). All findings for the second aim held when re-run with age and estimated FSIQ as covariates.



Table 4. Association of fatigue and emotional symptoms with school functioning in CFS group.
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DISCUSSION

The aim of this study was to extend our knowledge about school functioning in adolescents with CFS. Overall, compared to healthy adolescents, school functioning was compromised for adolescents with CFS across several specific domains (including school absence, quality of life in the school setting, school participation, school connectedness, and academic performance). Further, greater severity of fatigue in adolescents with CFS was associated with lower levels of school attendance, quality of life in the school setting, participation and connectedness, but not academic performance. Emotional symptoms were significantly associated with quality of life in the school setting, participation and connectedness, but not school absence or academic performance.


Group Differences in School Functioning

Current study findings suggest that adolescents with CFS receive significantly more external education support or modifications to the curriculum compared to healthy controls. Further, the CFS group reported poorer school functioning across all areas compared to the control group. As expected and consistent with previous studies reporting high rates of school absence (12–15, 18, 35–37), school absence rates due to illness for the CFS group were substantially higher than in the control group. On average, the control group missed less than one half a day per week over the last term due to illness, as opposed to the CFS group who were absent for, on average, 40% of the school term due to illness. These findings suggest that students with CFS are missing substantial amounts of school and report restrictions to school participation. Not only do these limitations have implications for the development of core academic skills, but such functional impairment also has potential to impact on social competencies which are integral for healthy adolescent development. Schools need to work toward supporting these students to ensure they remain connected and engaged with school when their medical condition impacts on their ability to physically attend school on a full-time basis.

When controlling for age and intelligence, the adolescents with CFS showed significantly reduced academic functioning compared to the healthy control sample, overall. Of note, both groups displayed high SES (based on educational status of primary caregiver) as well as above average intelligence. While the mean score for academic functioning for the CFS group fell within the average range in the context of normative population expectations, given the relatively high SES of the group and the overall above average level of intellectual functioning, these results suggest that compared to healthy controls, these adolescents may not be performing to their full potential academically (38). These are valuable findings as to the author's knowledge this is the first analysis of academic performance in adolescents with CFS using a standardized achievement test. Other studies exploring school performance in CFS using patient self-reports (17, 39) have also reported concerns regarding academic achievement.



Relationships Between Fatigue and Emotional Symptoms, and School Functioning in the CFS Group

As expected, greater fatigue severity was associated with higher school absence rates due to illness, as well as poorer school-related quality of life, lower school participation and connectedness. This is commensurate with findings from previous research whereby severity of physical health, were associated with school attendance (18, 40). Further, while greater emotional symptoms did not appear to relate to school absence, they were associated with poorer school-related quality of life, lower school participation and connectedness, suggesting that while school attendance may not be additionally affected for adolescents with CFS with more significant emotional symptoms, other less obvious aspects of school functioning may be further affected.

No significant associations were observed between fatigue and emotional symptoms, and academic functioning. The explanation for this discrepancy is unclear; although it is possible that more complex academic skills not assessed in the current study (e.g., comprehension, written expression) could be affected by these factors and further research into this area is warranted.



Strengths and Limitations

To the author's knowledge, this is the first study to comprehensively compare multiple aspects of school functioning in adolescents with a formal diagnosis of CFS with a control group of healthy adolescents. This study has several strengths including the use of a control group, as an indication of how this clinic group is functioning at school compared to their healthy peers.

There are limitations to the study that should be considered when interpreting results. Foremost is the employment of a small sample size in both groups. It is acknowledged that this has implications in terms of statistical power; however, given the uniqueness of such a study in the CFS literature the findings of the current study are of importance. These results should be replicated in future studies that employ a larger sample to confirm current study findings.

This study investigated school functioning from the perspective of the adolescent. Future research could incorporate reports from other informants about school functioning (e.g., parents and teachers) to obtain a more thorough understanding of school functioning. Discussion is also warranted around the representativeness of the CFS sample. Importantly, this study employed a strict diagnostic criterion, the Pediatric Canadian Criterion reference guidelines (1). While the sample characteristics (e.g., age, gender, and SES) are similar to what has been found in epidemiological studies of adolescents with CFS (3, 4, 12, 41, 42), it should be acknowledged that the adolescents participating in this study were recruited from a tertiary hospital and were required to attend the hospital in person for the academic assessment. Therefore, they may not be representative of all adolescents with CFS in the community (e.g., adolescents less severely affected may be managed in primary care and adolescents more severely affected by the illness may not have been well enough to attend the hospital for assessment).

Lastly, the cross-sectional nature of analysis employed in the study prevents exploration of the trajectory of school functioning over time as well as factors or mediators that might influence change in school functioning over time. To expound these questions, future studies could incorporate longitudinal methods to follow the course of CFS and school functioning over time. Despite the present study containing a number of limitations requiring consideration, given the novelty of this research, the study provides a large contribution to our preliminary understanding of school functioning in adolescents with CFS and highlights directions for future research. Future studies should consider investigating academic performance beyond basic reading, spelling and mathematics, as well as the relative contributions of factors such as absenteeism, fatigue, cognitive difficulties, and emotional symptoms, to academic performance.




CONCLUSIONS

The findings from this study indicate that school functioning in adolescents with CFS is significantly poorer than that of healthy adolescents. This study highlights that expanding the indicators of school functioning beyond school absenteeism in adolescents with CFS provides a more comprehensive picture of school functioning that is likely useful in both research and school contexts. School absence due to illness does not accurately capture compromised school functioning in adolescents with CFS, and instead, more sensitive and specific domains such as those employed in the current study should be considered. This study demonstrated that in addition to increased school absence, CFS is also associated with poorer school-related quality of life, school participation, connectedness with school, and academic achievement when compared to healthy adolescent peers. School is the principle location for the development of not only academic skills, but also cognitive, social, and community-related skills during childhood and adolescence. Therefore, the impact that CFS has on school functioning may place these adolescents at a heightened risk of long-term maladjustment across a range of key developmental areas.


Implications for School Health

The findings from the current study have implications for the school health of adolescents with CFS. From a school health perspective, the findings support the early monitoring and careful analyses of specific aspects of school functioning in adolescents diagnosed with CFS, which may in turn help inform targeted intervention programs, designed to minimize the long term impact of poor school functioning. Aspects of school functioning should be screened by professionals working with students with CFS in schools, and frequent liaison between health professionals and school staff is likely to be beneficial. Given the significant impact on school functioning for adolescents with CFS noted by the current study, school staff should be provided with professional development aimed at increasing their understanding of CFS and how it can impact on the school functioning of students. Given the unique needs of each adolescent, as well as vast differences across school settings, tailored and individualized school planning that addresses not only school attendance, but also strategies to minimize the impact of the illness on school-related quality of life, school participation, school connectedness, and academic outcomes, will be crucial.
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INTRODUCTION

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a disabling, chronic disease characterized by the body's inability to produce sufficient energy for normal everyday activities. Children with ME/CFS experience debilitating fatigue referred to as post-exertional malaise (PEM) after minimal mental or physical exertion which is not relieved by sleep. It can significantly reduce the ability of the child to take part in personal, educational, or social activities and can compromise executive function, and can result in a moderate to severe disability. As many as 1% of school-age children suffer from this disease in varying degrees of severity, and ME/CFS has been shown to negatively impact school attendance, participation, connectedness, and academic performance (1). Some studies suggest that ME/CFS may be the major cause of extended school absences (2).

Whereas, the literature supplying practice-based guidance for other chronic conditions affecting children in school, such as Autism and Attention Deficit Hyperactivity Disorder (ADHD) will be found in educational journals, very little guidance for students with ME/CFS appears in the clinical medicine literature. Although school nurses are beginning to play a larger role in supporting these children, physicians or healthcare providers retain primary responsibility of informing the school system of the needed adjustments for the young ME/CFS patient to succeed in the school environment.

This article argues that the physician has a much broader responsibility to provide diagnostic, symptomatic, and treatment information about ME/CFS than they would with other conditions such as Autism or ADHD that qualify students for special services. For students with ME/CFS, the physician's letter required in the school's evaluation process is a critical resource to advise and guide education professionals regarding appropriate student placement, classroom support, and instructional accommodations or modifications. The specifics of what should be included in a model physician's letter are included.



PAUCITY OF ME/CFS EDUCATIONAL PUBLICATIONS IN COMPARISON TO OTHER DISEASES AFFECTING SCHOOL PERFORMANCE

A comparison of available popular and professional literature generally available to educators regarding ME/CFS and the corpus of materials available on Autism and ADHD is instructive. All three conditions impact millions of schoolchildren: ADHD (6.1%), Autism (4.5%), ME/CFS (1%) (3, 4). There are copious practice-based resources available to educators providing services to students suffering from ADHD and Autism. A recent search for popular and professional education resources on Amazon for ADHD returned over 1,000 hits; a similar search for Autism generated 4,000 results. An examination of the titles indicated that, while the quality of the content varies, over 80% of the items were relevant to the topic of educational practices that support students with these conditions.

For ME/CFS, the situation is very different: Even by using multiple terminology references (“CFS” vs. “ME/CFS” vs. “Chronic Fatigue Syndrome,” etc.) and not using specific terms to narrow the results to pediatric ME/CFS, the total number of distinct Amazon returns was only thirty-two in a search performed on October 22, 2018. Of these, 28 proved to be search artifacts; they were non-related items offered by the search engine based on erroneous application of the search terms. Of the four valid results, all were either very general, treated education only as a minor subset of the topic, or included ME/CFS as one of a number of diseases given superficial coverage. Where the easily accessible literature on ADHD and Autism returned hundreds of workbooks, teacher guides, and reference materials for school psychologists, such materials were completely absent for pediatric ME/CFS.

Google searches regarding educational support for the three conditions returned similar results in a search performed on October 22, 2019. While relatively detailed, practitioner-oriented materials for ADHD and Autism are abundant, the best search returns for ME/CFS involve basic checklists about the signs, symptoms, and potential impact of the disease, to which a small number of skeletal bullet points about educational support may or may not be appended.

Conversely, there is a rich, clinical literature regarding ME/CFS in professional medical sources, with a small but significant percentage directly relevant to educational support. A Google Scholar search on October 22, 2018, for peer-reviewed articles, case studies, technical notes, short communications, and reviews on ME/CFS since 2014 currently returns over 18,600 hits; when redundant and erroneous responses are filtered, the number remains high. Nearly 12,000 items (3,000/year) on this disease have been published over the past 4 years, and about 120 (1%) have potential direct applicability to educational support for children suffering from pediatric ME/CFS. The nature of the publications, however, suggests limited availability to education professionals, who are unlikely to be pouring over the pages of BMC Pediatrics; Brain, Behavior, and Immunity; Current Rheumatology Reports; European Journal of Pediatrics; Frontiers in Pediatrics; Physiotherapy; or the Journal of Rehabilitation Medicine.



ME/CFS EDUCATION-RELATED FINDINGS IN CLINICAL MEDICAL LITERATURE

Clinicians who remain current in the literature relating to ME/CFS are privy to significant findings that, if known by professional educators, would enhance their ability to enable students suffering from this disease to better achieve academic success. The first general statistical study of school function among students with ME/CFS that extends beyond merely examining attendance and considers the broader impact of the disease on participation, academic performance, and socialization has only recently appeared in Frontiers in Pediatrics (1).

Understanding the role of cognitive dysfunction and compromised executive function in school-age children with ME/CFS is essential for teachers attempting to modify lessons and assignments. This knowledge is needed to develop effective instructional strategies that will allow ME/CFS students to succeed. While such resources exist in the clinical medical literature, that information has yet to appear in professional education publications. A summary review of cognitive disfunction caused by ME/CFS appeared in Current Rheumatology Reports (5); a comprehensive survey of cognitive/neurological consequences of post-exertional malaise was published in Brain, Behavior and Immunity (6), as well as a more directly applicable study of ME/CFS's impacts on cognitive functioning in adolescents in the European Journal of Pediatrics (7).

The import of these articles often extends beyond providing teachers a better understanding of the disease and its symptoms. Information contained in these articles can be used directly in assessments for specials services or even in the classroom. The American Journal of Occupational Therapy (8) recently published a study that assists teachers in understanding the potential and limitations of students with ME/CFS symptoms. Information contained in these articles, when combined with work illuminating the attention processes of these students in Behavior, Research and Therapy (9), comes very close to providing a guide for teachers in mitigating important facets of compromised executive functioning in the classroom. A study in Physiotherapy (10) documents the association between ME/CFS pain, comorbidity with other diseases like Fybromyalgia, and cognitive performance. Specific strategies for applying this type of information in schools has appeared in the pages of Fatigue (11) and are only beginning to penetrate related literature such as Journal of School Health (12).

Journal titles have been mentioned here to make the point that this kind of educationally relevant clinical information has not yet significantly penetrated the mainstream of professional education literature, and is likely to be both unknown and unavailable to school psychologists, guidance counselors, administrators, nurses, and teachers. This situation is beginning to change: Both the Centers for Disease Control and Prevention (13) and the Open Medicine Foundation (14) maintain and update fact sheets on ME/CFS for education professionals, while practice-based articles have begun appearing in publications like NASN School Nurse (15). However, there are few professional educators publishing such practice-based material based on current clinical findings, and the bulk of existing material remains relatively inaccessible to educators.



THE ROLE OF THE PHYSICIAN IN SUPPORTING EDUCATORS

Despite international differences in law and policy, the role of physicians in assisting their school-age patients with disability or disease in gaining access to special services has traditionally centered on documenting for the school the diagnosis, severity, treatment, and prognosis for their patients. Often this occurs through a physician's letter (16). Professional educators then convene in various committees or work groups to address the issue of adapting curriculum, classroom instruction, and other aspects of delivering education based on the student's specific challenges. In most cases, the physician is not an integral part of these groups, though she or he may sometimes be consulted for additional information.

The physician's letter is the most effective document for effecting the needed special services required by students with ME/CFS, because it contains the critical information about the student's condition and limitations. The letter generally remains a permanent part of the student's record during the development of instructional modifications, unlike oral communications or even emails.



COMPONENTS OF AN EFFECTIVE PHYSICIAN'S LETTER REGARDING ME/CFS

Providing a diagnosis of ME/CFS is generally not a sufficient guide for educators, because the disease itself is not well-understood, and because ME/CFS is inherently highly variable in severity and symptoms. Physicians need to explain the nature of the disease and the effect of the disease on the individual in question. Here, as in subsequent sections of the letter, references with URL links are exceptionally helpful to educators.

The explanation will normally need to be from 1 to 3 paragraphs in length, and at a minimum cover the following if present in the patient: debilitating fatigue and malaise after minimal exertion; the unpredictability of the severity and length of fatigue; loss of mental/physical stamina with post-exertional malaise; lack of cognitive focus (“brain fog”); orthostatic intolerance; difficulty regulating body temperature; non-refreshing sleep; and myofascial, joint, or abdominal pain. For reference, two of the most useful short summaries of ME/CFS written in language accessible to educators can be found in the Open Medicine Foundation (14) and Centers for Disease Control and Prevention (3) Fact Sheet.

Beyond the general inclusion of diagnosis, severity, treatment, and prognosis, the letter should include extended sections on specific symptoms that will manifest in the classroom, affect school work in general, and recommend changes to the instructional program (either in terms of curriculum, assignments, attendance, or schedule).

With regard to symptoms, more detail is almost always better than less. School officials need to know, for example, that attendance issues and inability to complete a full day's schedule are likely to be chronic issues that, at best, will be slowly responsive to treatment. This notifies and allows them to plan for shortened schedules, consider the deployment of tutors to the homes of chronically absent students, or use educational services over the entire calendar year. Classroom teachers need to be informed that these children will be easily distractible; have difficulty completing sequential tasks or multi-tasking without special support; may demonstrate slower processing speed and difficulty recalling words; and will not be able to “push through” their fatigue to finish assignments. Teachers also need to be aware that one of the cognitive hallmarks of ME/CFS is often the student's inability to self-monitor or self-regulate his or her own fatigue levels.

Detailed recommendations tend to be problematic for physicians, many of whom may be reluctant to impose their views across professional disciplines, while the vocabularies used by the two profession are different. The latter can be an exceptionally high hurdle, as educational terms are often quite different from clinical medical terminology, and have specific procedural and legal connotations. In the United States, for example, the terms “accommodation” and “modification,” when applied to a school setting, are not by any means synonymous, and imply significantly different levels of legal protections for the student and organizational accountability for the school.

However, most educators are open to receiving as much relevant clinical information as possible about a disease they may not have encountered, and about which there is little practice-oriented material. Direct communication, either by email or telephone, with the school psychologist or educational diagnostician who is heading the school's study group for the student will often provide more clarity for the physician regarding what would be helpful in the physician's letter if experience is lacking. The school nurse can provide a critical bridge between the clinician and educators, and is well positioned to become the child's chief medical advocate in the school. Parents can also often provide useful information, although care should be taken to consider the difference between their perspective and that of teachers and school officials.

The most consistently effective method of providing recommendations is to match symptoms directly to recommendations. If symptoms of slow processing speed and limited stamina are present, recommendations of additional time to complete assignments, no penalties for late assignments, and perhaps even a significantly reduced workload provide useful direction. When a patient has demonstrated sensitivity to temperature changes in his or her environment, it is useful to spell out precisely how this should impact the choice of classrooms. If a student needs consistent hydration, there should be an explicit recommendation that any policies against bringing drinks into a classroom should be waived.

It is especially important to address issues of prolonged and unpredictable absences; inability to complete a full school day, or inability to complete homework with specific recommendations. Here the physician should not feel required to go into extreme detail, but to include recommendations about modifying daily schedules, reducing course loads where appropriate, or waiving consequences associated with normal attendance polices (especially the need for multiple doctor's notes for absences). Physicians should also address prognosis; along with unpredictably, educators often do not understand that this disease has a reported recovery rate of 60% by 5 years and by 12 years of ~88% (16).

Finally, it is always useful, as mentioned above, to include references to relevant clinical materials that may assist the school in charting an effective educational course for a student suffering from ME/CFS. Items referenced in this article are a good place to start, but physicians treating pediatric ME/CFS cases should make every effort to stay abreast of new publications that may assist educators.

A sample physician's letter may be found in Rowe (16); while obviously less detailed than that which would be generated in a real clinical case, it follows the general guidelines provided above, and can be used by any physician as a starting point for composition.



CONSIDERATIONS OF TIME AND EFFORT ON THE PART OF PHYSICIANS

The clinician involvement recommended here is obviously much more laborious than usual for dealing with children suffering from diseases like Autism or ADHD. These demands will also fall more heavily on pediatricians and other clinicians who treat children with ME/CFS, but whose practice is not specifically focused on this disease. As a disease that is diagnosed by exclusion, and with no known cause, ME/CFS is not a psychological illness, however, though depression and anxiety can occur as it does in other chronic illnesses (14).

In terms of patient outcome, the time spent by the physician in assisting the young patient retain educational achievement is time well spent. For patients and their families, dealing with school-related issues consumes far more time and energy on a daily basis than managing medications or any other ME/CFS-abating procedure. From a psychological and motivational standpoint, these families often equate an inability to achieve success in school with long-term negative impacts on their child. Even if the child responds to treatment after months or years, and achieves partial remission of symptoms, the lost semesters at school and the opportunities to complete an education and thereby become a potentially self-sustaining adult, can make dealing with this disease appear daunting. The additional hour expended by the physician in the thoughtful preparation of his or her letter to the school can improve motivation and reduce stress, while simultaneously increasing the chances of successful clinical and educational outcomes for this child.
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Aim: To determine the reported duration of illness, the functional and educational long-term outcomes, predictive factors for recovery and seek feedback regarding management in pediatric/adolescent myalgic encepahalomyelitis/chronic fatigue syndrome (ME/CFS).

Methods: A cohort observational study of 784 young people, mean age 14.6 (6–18) years, with ME/CFS diagnosed at a specialist pediatric hospital and receiving regular care, was conducted with follow-up for a mean 8 (range 1–21) years after onset. Baseline symptoms, history, depression and anxiety questionnaires were available from 418. The remaining 366, did not have similar standardized baseline information. Questionnaires requested functional rating, persistent symptoms, duration of illness if “recovered,” social engagement and school/work attendance. Feedback was sought regarding management, support services, useful information, helpful interventions or personnel and use of alternative therapies. Reported recovery and function were compared with baseline information and between the two groups.

Results: Follow-up data were returned from 81.8%. There was no significant difference in functional score (if reported recovery) or illness duration related to provision of baseline data. The mean duration of illness was 5 (range 1–15) years in the 50% who reported recovery. By 5 years 38% and by 10 years 68% reported recovery. At 10 years the mean functional score was 8/10 (range 2–10) with 5% scoring <6. Depression, anxiety or severity of illness at diagnosis was not predictive of non-recovery. Designing and monitoring their own management plan that included educational, social, physical and enjoyable activities, as well as having symptom management and understanding professionals were highly valued. However, remaining engaged in an education system that flexibly accommodated their illness and aspirations was consistently reported as crucial for long term functioning.

Conclusions: ME/CFS in young people has a mean duration of 5 years (1–15) with 68% reporting recovery by 10 years. All improved functionally with 5% remaining very unwell and a further 20% significantly unwell. There were no obvious baseline predictors for recovery. However, depression, anxiety, orthostatic intolerance and to a lesser extent pain at follow up were identified as hampering recovery or function. Supportive professionals, remaining engaged in education and management strategies were identified as helpful.

Keywords: chronic fatigue syndrome, ME/CFS, adolescent, follow up study, child, functional outcome, duration of illness


INTRODUCTION

Questions that either parents or young people ask soon after receiving a diagnosis of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) are: “how long will the illness last”; “is there way of telling whether they will recover,” and “what can be done to manage the illness in the best way possible?”

ME/CFS is a condition of unknown etiology that commonly follows an infection in young people. There is a new onset of fatigue that has been present for at least 3–6 months and is not relieved by rest and not explained by other medical conditions. Post-exertional malaise, cognitive difficulties, unrefreshing sleep are present, in addition to a variety of somatic symptoms such as pain, (headache, abdominal or muscle pain), as well as flu-like symptoms without high fever and often symptoms associated with orthostatic intolerance.

Challenges to providing answers to these questions include: confirming that those followed up have a diagnosis of ME/CFS not just fatigue; ensuring that the maximum proportion of those who are diagnosed are included in the follow up; having a range of severity at diagnosis; and having an adequate cohort size with regular follow up, for sufficient length of time, in order to be confident that a realistic estimate has been obtained. Retention rates in follow up studies may also be affected by those who recover or those who remain very unwell, who may not wish to remain in contact with the medical profession. Hence perceptions of outcomes remain distorted. In addition, young people in early adult life are mobile, move away from home and frequently change their name, or transition to adult services, so following up a pediatric cohort has added challenges.

Carter et al. (1), describe outcomes for “chronic fatigue” in adolescents. However, this was at a time when ME/CFS was not well recognized in young people. Norris et al. (2) use the term “chronic disabling fatigue” identified from a survey and without clinical assessment, for their outcome study. Similarly Rimes et al. (3) used repeated community surveys to both diagnose fatigue and chronic fatigue syndrome for their estimates of outcomes but the small yields mean the findings are difficult to interpret. Krilov et al. (4) indicated that half the cohort had fatigue for only 1–6 months when first seen and 70% were followed up for 1–4 years afterwards to provide their estimate of duration of illness. Gill et al. (5) followed 34 (69% of cohort) who were retrospectively diagnosed with CFS or idiopathic fatigue for up to 4.5 (1–8) years. Van der Werf et al. (6) followed a cohort of young people with short duration of illness for 12 months. However, Bell et al. (7) followed 35 (76%) of a well-defined group for 13 years. Hence information regarding outcomes in ME/CFS in young people is scarce due to differentiating chronic fatigue from ME/CFS and ensuring that sufficient numbers are followed for an adequate period of time.

Differences in how recovery is reported and what that means to the young person add other variables. Measures of fatigue (8), symptom presence and functional outcomes, (9, 10), self-report (6), or a combination of global functioning and self-report have been used (7) thus making comparisons difficult. In describing a 2 year follow up of 54 young people, van Geelen et al. (9) reported that 50% improved in symptoms but the majority were reportedly missing more than one third of school. Hence it is important to document function and symptoms as well as perceptions of recovery. Parslow et al. (11) have been investigating what aspects of defining recovery are important to young people with ME/CFS. Understanding what a young person considers as “recovery” in a chronic illness can be problematic, but even more so in a condition that impacts every aspect of their development (social, educational, physical, and emotional) during adolescence. Without careful consideration of these aspects of development, it can be very difficult to interpret outcomes meaningfully.

Although most studies have attempted to assess the natural history of the condition, other studies have reported long term outcomes following interventions. Five year follow-up post-trial of intravenous immunoglobulin in young people (12), indicated that the mean functional outcome of the placebo group at 5 years matched that of the intervention group 6 months after the final infusion suggesting a significant number had recovered by that time (13). Other interventions that have been helpful (14) and have assisted with improving function, have not necessarily reported “recovery” (15). There have not been other convincing treatments that have altered the course of the illness (10). Although a variety of management strategies such as adaptive pacing, graded exercise, cognitive behavior therapy (14) can be helpful, the evidence for significant improvement is scarce and hampered by difficulties in comparing outcome measures according to clinical presentation, patient characteristics, case criteria and degree of disability (16). Managing some of the co-morbid or contributing conditions such as orthostatic intolerance (17) has also modified function. However, follow up after these interventions has often been for a short period of time, so realistic estimates of the duration of chronic illness is problematic.

This study sought to provide answers to the three common questions. How long does it last? Is there any way of predicting how long it will last, and what is helpful from the young person's viewpoint in managing the illness?

This study is an observational cohort study of 784 consecutive patients, diagnosed with ME/CFS after referral to an outpatient service at a specialized pediatric tertiary referral hospital, who received supportive medical care and were followed for a mean 8 (range 1–21) years.

The aims of this study were: (1) to document the long term functional and educational outcomes of a cohort of 784 young people with ME/CFS, 418 of whom provided standardized baseline medical and psychological information and additional follow up data on up to 6 occasions, 2–16 years after diagnosis; (2) to determine the duration based on self-reported recovery including the proportion reporting recovery at 5 and 10 years; (3) to identify any predictors of recovery based on baseline information obtained, and (4) to obtain feedback regarding useful management.

The objectives of the study were: (1) to describe the demographic, medical and psychological characteristics of the cohort, including the medical management; (2) to follow up the entire cohort for reported recovery, functional and educational outcomes and feedback regarding management; (3) to compare the functional and reported recovery between the group providing baseline data and the group that did not, to determine if there was a systematic bias; (4) to investigate whether there is an association between questionnaire identified depression and anxiety, or antinuclear antibody presence and reported recovery; and (5) to obtain feedback regarding management.



METHODS


Characteristics of the Cohort and Description of Routine Medical Care

Setting

The Royal Children's Hospital is a specialized secondary and tertiary referral pediatric and adolescent hospital that services metropolitan Melbourne and all rural areas for the state of Victoria including bordering areas in neighboring states. Furthest distances require 4–5 h of car travel. Referrals are received from family doctors or from specialist pediatricians. Victoria has a population of 5.8 million and is multicultural with successive waves of immigrants or refugees from different parts of the world contributing to the mix. There is a universal health system that ensures citizens can access health care free of charge to the family. Twenty-six per cent of its citizens are born overseas from 200 countries, speaking 260 different languages, with an additional 30% having at least 1 parent born overseas (18). The hospital clinics reflect this demographic. More than 70 languages are spoken in the hospital.

Chronic Fatigue Syndrome Clinic

The clinic has been functioning since 1989. In the early years of the clinic, the Holmes definition and Fukuda criteria for CFS were available (19–21). However, acceptance of the diagnosis in young people was uncommon in the medical fraternity, and it was uncertain if the illness was similar to that in adults. Nonetheless, it was well recognized that Epstein Barr Virus (EBV) infection (or glandular fever) could run a prolonged course during adolescence with comparable symptoms. Irrespective of whether EBV was confirmed, it was assumed in some cases, that this was the cause. Alternative explanations that were often entertained were depression, “stress,” school refusal or somatization disorder or the possibility of undisclosed family difficulties. Parents who were anxious due to concern about the unexplained change in the young person were often considered to be contributing to their illness. Hence many who attended the clinic had experienced unsatisfying encounters with the medical profession.

Accurate documentation of the presentation was therefore important as described below. Ninety two patients diagnosed in the first 5 years using Holmes et al. (19) definition participated in an intravenous immunoglobulin trial (12) and were followed up separately every second year for a 5–year follow up post-trial (13) who were not included, but used for comparison in this study. Symptom patterns and characteristics of the patient group for the first 189 have also been reported elsewhere (22). Those analyses indicated that reported symptomatology was very consistent among the young people in this population, and the presence of post-exertional malaise (PEM), unrefreshing sleep, cognitive difficulties, persistent fatigue and pain (headache, muscle, abdominal) were all almost universally reported. Sore throats and glands, feeling hot and cold, and symptoms later recognized as associated with orthostatic intolerance were very common.

As immunoglobulin was a scarce resource requiring approval by a government agency, a decision was made to not allow intravenous immunoglobulin to be available for ME/CFS for young people due to some adverse effects (12), as well as inconclusive trials in adults (23–25). Thus, options for treatment reverted to general management strategies for chronic illness. We relied on feedback from young people to inform us regarding what was helpful in their management. The service has since expanded to several pediatricians and access to a 4-week self-management program run by the Victorian Pediatric Rehabilitation Service at the hospital.

Participants

A diagnosis of Chronic Fatigue Syndrome was made in 784 young people following an extensive history, examination, and routine investigations to exclude alternative diagnoses and confirm the presence of key symptoms identified from the earlier study (22). PEM, unrefreshing sleep and cognitive symptoms were required in addition to the Fukuda criteria (20). Other conditions including school refusal, somatization disorder, eating disorders, isolated significant depression or anxiety, connective tissue disorders, celiac disease or endocrine disorders were specifically checked. An adolescent psychosocial (HEADSS) screen was also conducted where appropriate (26). Passive standing test was not routinely performed initially. However, upon recognition of the association of orthostatic intolerance with ME/CFS this assessment was included.

Routine screening investigations included celiac screen, thyroid function and antinuclear antibody. The laboratory reported antinuclear antibody titers of 1:40 and above until 2008, when titers of 1:160 or above were considered significant. Serology for EBV or Cytomegalovirus (CMV) was routinely assessed or if there was any likelihood of overseas or tropical infections, or being in areas where Ross River Virus, Q fever (coxiella burnetti), Barmah forest virus were endemic, serology for exposure was also checked.

Ethics and Informed Consent

Institutional ethics approval was obtained for the baseline questionnaires and informed consent was obtained from the young person. For the follow up study, ethics approval was obtained to contact the last known address to obtain consent to forward a questionnaire for feedback on management strategies, progress of the illness and rates of reported recovery. If the young person was still at home their verbal consent was obtained or if their parents were still at the address they either provided a forwarding address or offered to forward the questionnaire which included documentation for informed consent. Occasionally the family was contacted from information in the national or state telephone directory.

Baseline Information

The baseline demographic and symptom questionnaire used by Lloyd et al. (25) and Rowe (12) (Appendix 1) in their immunoglobulin trials, was given to 489 of the 784 young people (mean 14.8 age 7–18) (with 55 concurrently receiving the De Paul Pediatric questionnaire). This included type of onset, family history and presence of co-morbid conditions. In addition, scales for depression (27, 28), anxiety (29), General Health Questionnaire (30) and Parental Bonding Questionnaire (31) were completed. Initially the Child Behavior Checklist (Achenbach) and Family environment scale (Moos) were included, but discarded as noncontributory after assessing 150 young people. The Parental Bonding Questionnaire was also not included after the CFS group showed no difference in scores with a matched community sample. Any abnormal laboratory findings were documented. The symptom pattern, severity and frequency were compared with questionnaire responses from an earlier separate sample (22) from the same clinic to confirm consistency in reported symptoms across time. The baseline information was collated using descriptive statistics (Statistica 13 -Statsoft –TIBCO).

Routine Care Offered at the Clinic

Initial appointment

Following diagnosis, the young person was asked: to rate the most troublesome symptom/s that he/she would like help with; to outline his/her aspirations prior to illness; to describe current school attendance, interests, and previous participation in sport, the family situation and supports including parental work schedule, and means of transport to school or activities. The young person was provided with a brief explanation of our current knowledge, a plan for managing the most severe symptoms, and an outline of a management plan that the young person would devise.

Management plan designed by the young person

The rationale for the management plan was to minimize the impact of chronic illness while accommodating the specific issues associated with ME/CFS. As ME/CFS affects the educational, physical, social and emotional aspects of their life, it was considered important to not neglect any of these areas. This should include some proactive social contact, academic input, physical activity and a commitment to attend something enjoyable outside of home on a regular basis. None of these activities was to be neglected but the proportion did not have to be equal. The plan needed to be sustainable for at least a month before it was reviewed. For example, some physical activity is required to prevent becoming so de-conditioned that they were not sure whether they were weak and fatigued because they were unwell or because muscles weren't being used. Social contact is important to ensure that the social learning that occurs during adolescence (how to respond in different situations, what behavior is acceptable and how to interpret different social situations and how to understand one's peers) is not neglected. It can be very daunting later when it is expected that these skills have been acquired. Academic engagement is important so that they feel that their life chances have not been destroyed. The regular enjoyable activity outside of home is something that they have chosen to go to because it is “worth it” and will not result in a prolonged recovery. It removes any prevarication regarding whether they feel well enough, whether they would cope or whether it would be easier not to go. Only if they are unable to move out of bed do they not attend. This hopefully prevents the reluctance to make decisions, to be adventurous or to be reliable.

In addition, young people generally have not had to learn to prioritize their activities during their teenage years but this skill is needed as developing adults. It is explained that they need to acquire this useful skill much earlier than most. Some activities, for example, attending school for an enjoyable subject could fulfill social, academic, and enjoyable activities and also require some physical activity. If their important social network was outside of school then there needed to be an effort to engage with that group for a period of time that was manageable. If some young people felt that “life was not worth living” if they couldn't play sport, as this was their main social connection, then adjustments could be made so that they could be part of the team by “coming off the bench” for a few minutes or not having a requirement to actively train, or else they could be moved to a team position that did not require a lot of stamina. On the other hand, for some, physical activity may be a few activities of daily living spaced over the day, or once they are able to do some activity and have increased their strength they often chose a variety of activities that they enjoy.

Their aspirations (prior to becoming unwell) played a key role in the decisions regarding their education. Attending school for set hours, rather than for specific subjects was difficult to sustain. Reduction in the school subject load to include subjects and teachers they liked, as well as subjects that were pre-requisites for what they wanted to do as a career was crucial. Trying to keep up with all subjects when only minimal information was given was a source of unnecessary stress, and this rarely succeeded. A planned timetable ensured that the arrangements could provide some consistency and predictability for the family and be manageable for the young person. If the symptoms were severe, the extent of “academic input” may be reduced to reading about a hobby or reading a story that they were already familiar with.

It was explained to the young person that these consequences of illness can be more damaging than the illness itself and can occur with any chronic illness. Neglecting these areas creates significant hurdles to recovery such as: navigating social anxiety and social learning; entering the workforce without a potentially enjoyable, satisfying or more lucrative, less physically demanding job; needing to increase strength, or not having the confidence or resilience to know how they are able to manage their life. The young person was asked to estimate how this could be achieved within the bounds of the amount of energy available over the period of a week. The young person was to make the decisions over the next few weeks and to discuss their plan with their parents.

Symptom management

Due to concerns with medication in young people and the risks of multiple medications, only the most severe one or two symptoms were treated. Often treating one symptom such as sleep disturbance, and allowing them to take control of their life with the management plan reduced the severity of some of the other troublesome symptoms. Despite the prominent fatigue, malaise and concentration difficulties, the complaints of headache and sleep disturbance or dizziness and nausea due to orthostatic intolerance, could often be managed effectively.

Difficulties with sleep initiation, sleep phase shift, frequent waking and disturbing nightmares were actively managed with sleep hygiene techniques and melatonin or low dose tricyclic medications such as dothiepin or amitryptiline. Simple migraine prophylactic medications such as pizotifen or periactin were anecdotally effective in reducing the severity of headache and simple measures with increasing salt and fluid including electrolyte drinks and encouraging lower limb exercises and gentle exercise could assist with orthostatic intolerance. Similarly, muscle pain and fibromyalgia could be helped by reducing sleep disturbance and encouraging gentle exercise or physical therapy.

Residual difficulties with concentration, recognition of depression, persistent severe dysmenorrhea associated with exacerbation of CFS symptoms, ongoing nausea, abdominal discomfort, persistent orthostatic symptoms were addressed after review and the implementation of the management plan.

Review appointments

A 6-week follow up appointment was scheduled for review of their plan, including whether the logistics were sustainable, to check on residual symptoms, and whether the symptom management was appropriate. Any further queries from the young person were addressed. Once a decision had been made regarding the schedule for education, appropriate explanation, documentation, advocacy, extra support, special provision or special consideration and tailoring a specific education program to ensure maximum possible opportunity to participate, was provided or requested from the education authorities. Sometimes there was a combination of Distance Education and school attendance for 1–2 subjects, or attendance for a few classes with Visiting Teacher assistance. If necessary, the minimum requirements were negotiated to ensure the year level was passed and that they could progress with their peers. Additional details regarding educational strategies used by the Visiting Teacher Service have been documented (32). If adjustments to sport schedules were required, these were provided and coaches and staff were usually very accommodating once they understood the reasons for the requests.

Generally 3-monthly reviews were arranged to assess progress, educational issues, symptom management and review of goals. They were seen more frequently if necessary. Occasionally young people were followed up by a local pediatrician.

In addition, parents often needed help navigating the difficult adolescent period and uncertainties regarding assisting with the tasks of adolescent development in the context a chronic illness that is generally not well understood. Parents are not sure if they should be defending, protecting and trusting the young person's judgment, or cajoling, setting limits and allowing the young person to make mistakes. Many parents had put their life “on hold” to care for the young person with the attendant complications for the whole family, and this often added significant stressors. For many young people doing some small chores that did not require much effort was important to be part of the family and reduce tensions with siblings.



Follow Up Study

Participants

The cohort of 784 (mean age 14.8, range 6–18 years) diagnosed with ME/CFS over a 20 year period from 1991 was followed up between January 2008 and June 2011 to document reported outcomes. Initial contact via last known address, parental contact or national telephone directory provided verbal information and consent for forwarding questionnaires.

Content of Questionnaire

The follow up questionnaire (Appendix 2) asked about proportion of work or school attended, use of educational support, Visiting Teacher service, disability support, educational level achieved, illnesses experienced, exacerbations of ME/CFS, reported recovery and duration of illness if recovered. Feedback was sought regarding useful or helpful information, useful or helpful personnel (medical or otherwise), use of alternative therapies and their perceived effectiveness, and whether anything could have been handled better during their illness. Any family history of ME/CFS was also asked. Both the Bell CFIDS Disability Scale (33) and a global rating 1–10/10 (with 10 being “back to normal”) were used in the first 4 feedback questionnaires and in the final follow-up a global rating was also requested. During review appointments they had been frequently asked for a global rating following their description of function considering social connection, physical activity, education/work participation, symptom presence and recovery after any activity. The young person's rating was compared with concurrent physician and parental ratings based on their descriptions. A scale was developed based on their descriptions and rating (Appendix 3). A comparison between the distribution of ratings on the Bell and Global scale was conducted.

Comparison of Functional Rating and Reported Recovery

As additional data had been obtained from follow up questionnaires documenting the progress of the illness and providing feedback from those who had completed baseline information (n = 418), consistency in reporting outcomes could be checked.

The functional rating for both those who reported recovery and those who did not, was plotted to identify any overlap.



Comparison of Reported Recovery and Functional Outcomes Between Two Groups

The demographics, proportion followed up, functional outcomes and reported duration of illness for both groups were compared to identify whether a systematic bias was introduced when young people return or fail to return baseline information. Returning information may reflect level of engagement, severity of illness or exercising choice.



Association Between Questionnaire-Identified Baseline Depression, Anxiety, and Clinical Features With Outcomes

Mean baseline depression and anxiety scores were compared between those who reported recovery and those who did not using student's t-test. Presence of questionnaire-identified depression and anxiety were also compared with reported recovery outcomes. The presence of antinuclear antibody titers and outcomes were investigated using Chi square test. Statistica 13 (Statsoft –TIBCO) was used for all analyses.



Feedback Regarding Management

Descriptive data regarding useful management, helpful information, helpful professionals, use of alternative therapies, and ways to improve management were collated and categorized.




RESULTS


Baseline Demographics, Medical and Psychological Characteristics of Cohort

Demographics

A total of 784 young people with mean age of onset of ME/CFS 14.8 (range 6–18) years and M:F ratio of 1:3, were diagnosed with ME/CFS. The mean duration of illness prior to being diagnosed was 13.6 months (range 4 months−7 years). Socioeconomic status reflected the population based on Socioeconomic Index for Areas (SEIFA) data compared with census data across two census periods (18, 34). The rural/urban mix was proportionate to the population of Victoria however the ethnic mix was neither representative of the population of the state nor of the clientele of the hospital. Despite Victoria having successive immigration waves from over 200 countries, 80% of CFS patients had an Anglo-Celtic background (currently approximately 25% of the population), but predominantly Scottish/Irish descent, and another 11% were of northern European descent (Dutch and Scandinavian which is <0.5% of the population). Middle Eastern, African and young people of Asian descent were significantly underrepresented.

History Information

From 489 baseline history and psychological questionnaires distributed, 418 (85.5%) provided baseline history information. Fifty five were also given concurrent DePaul Pediatric questionnaires (35), of which 35 were returned (63.6%).

Onset

Eighty percent reported a defined onset following an infection, (most commonly EBV in 40% of cases), but a variety of other infections were documented such as CMV (10%), Mycoplasma, Toxoplasmosis, Varicella, Rubella, Parvo virus, Salmonella, Ross River virus, with 25% having documented serological change at the onset. Gastroenteritis and respiratory infections were commonly reported. Surgery for tonsillectomy or appendectomy in 2% and vaccination in 0.9% was identified as associated at the onset. Occasionally ME/CFS was diagnosed after a neurological insult or following a trivial infection in athletes who were overtraining (1–2%). Gradual onset was more commonly associated with orthostatic intolerance in young people with hyperflexible joints.

The peak onset was during winter with lower frequency at the beginning and end of the school year during summer and spring. Only 59% of the cohort (n = 683) had evidence of previous exposure to EBV and 35% of those tested (n = 600) had positive IgG for CMV. There was no difference in the prevalence of positive serology for either CMV (33% cf 36%) or EBV (58% cf 59%) between the groups with and without documented baseline information.

Symptom pattern

Symptoms of prolonged fatigue, persistent headache, needing excessive amounts of sleep, poor concentration, disturbed sleep, excessive muscle pain and fatigue after activity were reported in 90–100% of cases. Other pain, cognitive, “immunological symptoms” like sore throats, sore glands and felling hot and cold were reported by 60–80% of young people. Likely orthostatic symptoms, such as nausea, disturbed balance, difficulty focusing, tingling, anxiety and chest pain were reported frequently (more than 50%) also. The remaining 12 symptoms were reported in low frequency and also are not generally associated with ME/CFS (Figure 1). The most common 8 symptoms were reported with the same frequency and almost identical severity compared with the earlier separate sample (22). The remaining symptoms were comparable and again significantly different from the community sample of age and gender matched adolescents. Fatigue, concentration difficulties, motivation and pain were identified as limiting activity (Figure 2) whereas depression was less so.
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FIGURE 1. Frequency and severity of symptoms in young people with ME/CFS (n = 418).
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FIGURE 2. Rating of symptoms limiting functioning.



Fifty eight per cent reported a continuous pattern of illness with fluctuating severity, 14% continuous at same level of severity, 12% relapsing and remitting pattern, 9.5% relapsing in past now continuous and 6.5% continuous in past and now relapsing.

Baseline depression (Beck), anxiety (Spielberger) and General Health Questionnaires

The mean total score on the Beck was 13.8 sd 8.9 (range 1–51) (n = 370). On this scale, scores between 0 and 10 indicate “normal ups and downs” experienced by 45%, 10–20, “mild mood changes” (35%), 20–30, moderate depression (15%), 30–40, significant depression (4%) and >40 severe (1%). Items related to “ability to work,” “tiredness,” “sleep disturbance,” “ability to make decisions,” and “feeling dissatisfied” scored highly (mean for each item 1.3–1.7, range 0–3), and as they are associated with CFS, the scores may as a consequence be inflated. Twenty per cent of the cohort scored more than 20 while 5% were in the moderately severe range. Less than 1% reported anhedonia symptoms (feeling “hopeless,” “bad or worthless,” “disgusted with themselves,” or “feeling as if they deserved to be punished”). Direct questions regarding aspects of depression, motivation, concentration and effects on functioning revealed a consistency in responses within the baseline questionnaire (Figure 2), It was noted that 25%, at least “some of the time” (Figure 3) thought that their family “would be better off if they were dead” however less than half these were moderately depressed based on the Beck where 1% reported suicidal thoughts. Community surveys of adolescents in Victoria have noted 18% (CI 17–20) of young people report significant depressive symptoms (36). Thus, the rates of depression in this clinical sample were reported at only marginally higher rate than the adolescent population. Higher scores were associated with severity of symptoms, not feeling supported by family, the medical profession or school. The mean score, however, was significantly different from a small community sample of age and gender matched young people (Table 1).
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FIGURE 3. Rating of frequency of specific symptoms in ME/CFS.





Table 1. Comparison scores for Depression (Beck), Anxiety (Speilberger), and General Health Questionnaire (GHQ) for study group compared with previous clinical and community age and gender matched samples.
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The mean “state” scores for the Spielberger was 43.9 sd 12.6 (range 21–79) (n = 273) and the mean score for the “trait” was 45.1 sd 12.8 (range 21–80) (n = 259). The mean total score was 88.9 sd 24.9 (range 40–157) which was higher than the previous clinical sample and significantly different from the community sample. Approximately 30% of the young people with ME/CFS experienced moderate levels of anxiety when diagnosed.

The mean General Health Questionnaire score of 16.0, sd 3.01 (range 9–27) was similar to the previous clinical group but significantly different from the community sample (Table 1).

Anti-nuclear antibody titers

Thirteen percent of the sample (n = 442) had a titer between 1:40 and 1:80, however the reporting level changed in 2008 from 1:40 to 1:160. Twenty one per cent of the sample (n = 499) had a significantly positive titer comprising 10% with 1:160 (mildly positive), 9% between 1:320 and 1:640 (moderately positive), and 2% between 1:1,280 and 1:2,560 (strongly positive). The described patterns were speckled (65.5%), homogeneous (3.2%), nucleolar (15%) and mixed speckled/homogeneous (15.9%). The high titers were not associated with clinical signs or any other markers of connective tissue disorders such as high sedimentation rate, positive antibodies to double stranded DNA, or extractable nuclear antibodies, and this was confirmed by a rheumatologist. The proportion of positive titers is at least double the expected rate in this age group, and although it not unknown to have moderately strong positive titers without evidence of connective tissues disorders in pediatric rheumatology clinics, the proportion of moderate to strongly positive titers is much greater than expected (personal communication-J Akikusa, Royal Children's Hospital, Aug 2018).



Follow Up Study

Duration of Illness

From the total group of 784 (M:F ratio of 1:3) and mean age 22.5 years sd 4.6 (range 7–35.7) data were obtained from 81.8%. The mean duration of follow up was 8 years sd 4.3 (range 1–21 years). Mean duration of illness for total group was 5 years (n = 298) sd 2.7 (range 1–15) (Figure 4) and 47% reported recovery.
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FIGURE 4. Mean duration of illness for total group 5 years (n = 298) sd 2.7 (1–15).



For those followed for <5 years 29.8% (55 of 185) reported recovery and for those followed for longer than 5 years, 127 of 456 (27.9%) reported recovery occurring before 5 years. However, for those followed for between 5 and 10 years, 54% reported recovery (233/431), and for those followed for more than 10 years 68% reported recovery.

Comparison Between Groups With and Without Baseline Information

From the 418 young people providing baseline information, 364 (87.1% return rate) provided formal follow up data on a total of 971, mean 2.5 (range 1–7) occasions. One third (n = 122) provided one response and the remainder (n = 242) provided a mean 3.5 (range 2–7) responses a minimum of 2 years apart. This enabled regular feedback concerning management and documentation of any relapses and confirmation of duration of illness close to the occasion rather than relying on memory.

From the remaining 366, 277 (75.6%) responses were obtained, and 30 provided formal follow up information on more than 1 occasion. The group without baseline information contained more young people who were still at secondary school, thus reflecting the difference in age distribution and use of services (t-test for independent samples t = −3.33 df 508 p < 0.001 F-ratio variances 1.68 p < 0.00005). There was also a significant difference in mean duration of follow up 7.6 years sd 4.5 (range 1–21.6) years compared with 8.3 (1–19) years (p < 0.05) and the proportion reporting recovery was significantly different 40% compared with 52% (Chi-square 6.8, p < 0.01).

As the majority of comparisons including: duration of illness (4.9 cf 5.1 years), functional score if reporting recovery (9.0 cf 8.8), duration of illness until help received (13.4 cf 13.8 months), proportion working or studying full time (61% cf 63%), proportion caring for children (5%) or not working or studying (5%) were not significantly different, the general comments and observations have been combined from the two groups (see Table 2).



Table 2. Comparison data between study and comparison groups.
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Educational Outcomes

Only 5% of those followed up reported not working or studying, with 8% working or studying less than half time, 24% more than half time and 63% reported working or studying full time. Some of those reportedly not working or studying were traveling overseas prior to university whereas others remained very unwell or had other illnesses. Similarly, 62% reported that they were currently studying at either a secondary or tertiary level. Of the 66% who had undertaken a post-secondary course (tertiary education) half were still studying. Twenty per cent were also working part time while they were studying. Twenty per cent reported using the Visiting Teacher Service during their secondary education and 16.5% used Distance Education service either solely or supplementing their school attendance. Five per cent reported having children, some of whom were working outside of home as well.

For comparison, the 2011 census (18), indicated that 75% of 15–25 year olds complete secondary education and 60% undertake post-secondary education, with 6% unemployed, 9% not in the workforce and 26% in employment. The population census reported 85% of 15–25 year olds are fully engaged in either work or study or both.

A wide range of courses were undertaken by the cohort ranging from traditional University courses to ones with high entry criteria such as medicine, law and health sciences. Technical courses, diploma courses and some apprenticeships were also reported. Several had also completed Masters degrees and Ph.Ds. A very wide variety of occupations were reported from aeronautical engineering, health sciences, law, trades and with some working in the service industries. The majority of service industry jobs were part time for support while undertaking study. A very small percentage did not complete secondary education and this was reported associated with other illness, social circumstances or an unsupportive school.

Disability support from the government was received by 29% of the group. The majority was studying while receiving this or working part time. At the time, government policy allowed this support to enable part-time completion of a degree for those who were chronically unwell, without having to work as well. Of the 5% not studying or working outside of home, several were mothers, one was a carer for a parent, and others had an additional illness or were doing voluntary work.

ME/CFS Functional Score and Reported Recovery

As some young people found the concept of recovery difficult, they were asked to describe how they thought they were functioning with a rating of 10 being “very well” or “back to normal” and 1 being “bedridden.” They were also asked what they meant by their score and it usually included a sense of the amount of activity, work or study that they were able to manage, what their stamina was like, how well they recovered from any activity, as well as social engagement and presence of symptoms. The young people were remarkably consistent in what they included in the scoring and how they described it. The clinician also rated the young person based on their reports and found high inter rater reliability for the scores (90%). Parents were generally also asked and they agreed in 80% cases. They often rated one point below the young person as they tended to compare them with how they “used to be.” The descriptors of the global rating are in Appendix 3. Young people reported that the central part of the Bell CFIDS Scale was difficult to score and they preferred to use the global rating (ME/CFS Functional rating). Concurrent data were collected to allow comparison and this difference in scoring in the mid range (between 4 and 8) was confirmed. The correlation was 0.833 (n = 252), however the correlation between the two scales was less in the mid-range (0.65) with the ME/CFS Functional Rating tending to score higher. The Bell scale had an irregular distribution with scores 9 and 10 scoring with higher frequency but low frequencies in the mid-range and an increase at the lower end.

The study group was asked to assess their poorest level of functioning using the Bell scale and 98.7% scored <5 while 68% scored 2 or less. They were also asked their current level of functioning using the same scale as well as the functional rating.

The range of ME/CFS Functional score for those who reported that they had recovered was compared with those who reported they had not recovered. (Figures 5 and 6) There was a significant overlap. Some scored low due to other illnesses that they differentiated from CFS. Others reported that they did not know what was “normal” as it had been so long since they were well. They reported that “how a 22 year old spent their energy was different from 15 year, but they were not sure what that should be.” Others, who reported themselves as “well,” felt that they were managing well, but their parents made the comment that they “did not think that they had the stamina that they had demonstrated as an adolescent.” Some needed to be “perfect” to describe themselves as “well” whereas others compared themselves with how they were when they were first unwell and were very grateful to be able to do what they were currently able to do. Some who felt they had recovered also scored lower, as they were caring for small children, were working part time and felt sleep deprived. Others admitted that they were dealing with depression as an additional issue. Hence many factors influenced whether recovery was reported, as well as whether the level of functioning was solely related to ME/CFS.
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FIGURE 5. Follow up global functioning score for those who indicated that they had recovered from ME/CFS for cohort (n = 298). Mean score 8.9 (range 5–10).
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FIGURE 6. ME/CFS Global functional score for those who reported that they had not recovered.



Reports of Recurrent Infections and Prolonged Recovery Afterwards

The majority reported a reduction in the number of infections and the fact that they rarely had upper respiratory infections when the rest of the family was unwell. They did notice that when they were starting to feel better they commonly had an increased number of upper respiratory infections over a year or two which then settled to a normal rate. This did trigger significant panic and low mood as the symptoms they experienced with these common illnesses reminded them of the early days of ME/CFS and they felt that they could not deal with prolonged illness again. As these illnesses commonly recurred on return to school they acknowledged that it made them more cautious about engaging again. They also clearly did not believe reassurance that feedback from others who had experienced similar events, indicated that recovery is generally short lived. Comments on feedback forms indicated the fear and anxiety was excessive but not warranted. Those who had had regular asthma prior to becoming ill, observed that they rarely had asthma when they were very unwell with ME/CFS. Approximately 5% had documented EBV infection when still unwell but only one young person who had significantly improved at that stage, had a prolonged recovery of several years. The remainder reverted to their usually level of functioning in <3 months.

Other Illnesses

The majority of associated illnesses reported were depression (rarely associated with depression at baseline), severe anxiety, panic disorder, and POTS and neurally mediated hypotension. There were individuals with agoraphobia, eating disorder, irritable bowel disease, celiac disease, Graves disease, Rheumatoid arthritis, and several developed Systemic Lupus Erythematosis (SLE) but all but one of these had negative ANA at the onset of CFS. Two struggled with drug addiction. One young woman had died at 22 from neuroendocrine carcinoma of the cervix and another had breast cancer at 23 who incidentally reported having a reduction in her CFS symptoms after chemotherapy. At least 10 young women disclosed sexual abuse years later, the majority of which occurred after they were unwell, thus adding to the trauma.

Members of Family With History of ME/ CFS

Although data from the baseline questionnaires indicated 17% had a close family member who had a prolonged recovery from an infection lasting more than 6 months, a diagnosis of CFS in the past or currently, only 12% of that group reported that a family member has had, or has ME/CFS. In contrast, 15% of the remaining cohort reported a family member with a history of ME/CFS. Parents, siblings and cousins were identified, with some families having three immediate family members with the diagnosis.



Any Predictors of Outcomes?

Presence of Positive Antinuclear Antibody Titers

The proportion of positive titers (>1:160) was at least double the expected rate in this age group (37, 38), and it is expected that titers increase with age. However, subsequently only 4 (0.5%) patients had diagnosed SLE. Of these, 2 had titers of 1:160 (speckled pattern) and one had a titer of 1:1,280 homogeneous pattern at age 15, but no other features. One with later rheumatoid arthritis and 2 with Sjogren's disease had negative ANA titers, while one who developed Grave's disease had a titer of 1:320 with speckled pattern.

There was no significant difference in reported recovery rate and level of ANA titer [General Linear model F(1, 76) = 0.12 p = 0.73]. Those with high titers (1,280–2,560) reported recovery from CFS. Of those with a titer of 1:640 or higher, there were no follow up data available for 25% of them. Of the remainder, in ¼ the titer remained stable, ½ the titer reduced to normal or near normal, and ¼ the titer increased without any other clinical features of disease. Therefore, high titers were not associated with “non-recovery” and there was a suggestion that titers reduced with recovery.

Outcomes for Severe Symptoms at Outset

The rating for level of ill health early in the illness was a mean score of 1.9, sd 1.3 (range 0–5) with 98.7% scoring <5 and 68% 2 or less, using the Bell CFIDS score. At worst, the majority were bed ridden and unable to attend school at all, or at the most, attended for short periods during the week. Therefore, in this study the majority of young people had severe illness. Severity of illness was not predictive of “non-recovery.”

Relationship of Identified Depression, Anxiety, or GHQ Scores to Outcomes

There was no difference in depression score at baseline between those that reported improvement (mean 14.46) and those that had not (mean 13.17) df 315. t = −1.3 p = 0.18. Although data were available on follow up from 86% of those with Beck data there was no significant difference in baseline score between the total group and those followed up (mean1 = 13.85, mean2 = 13.78; df 688 p = 0.91). If selected for higher depression scores at baseline (20% of sample) there was no difference in baseline score between those that reported recovery and those that did not (means 28 and 27.5) i.e., depression at baseline was not predictive of outcome.

There is also no difference in anxiety score at baseline between those who reported recovery and those who did not, so anxiety at baseline was not predictive of outcome using student t-test (mean1 = 28.1, mean2 = 27.5; t = 0.4 p = 0.7).

Similarly, the GHQ score at baseline was not predictive of recovery (t-test −0.62, df 233, p = 0.5).

Predictors of Good Functional Outcome

There were no obvious predictors for outcome. However, as the young people reported how important remaining engaged in education and socially connected, as well as feeling supported, encouraged and being believed, and how difficult it could be to deal with social isolation, social confidence and unsatisfying work when still unwell, it could be inferred that improving these circumstances improves their ability to cope with their situation and function better. Use of disability support during post-secondary education was very important, if they were not able to work as well as study part time. Ensuring that they could continue study at a reduced rate without having to try and find work to support themselves was key. Frequently when they had completed their studies and able to find a job, even if part time, they were often in a much better position to support themselves and feel independent.



Feedback Regarding Management

Feedback Regarding Helpful Professionals

Twenty three per cent of the group providing baseline information “did not find any professionals helpful,” however only 17% of the remainder did not find professionals helpful despite our concerns that this group may contain a higher proportion of young people who did not engage with health services. Pediatrician, Visiting Teachers, cardiologists who were consulted because of orthostatic intolerance were most frequently cited, and less frequently physiotherapist, family doctors, some school staff, counselors, psychologist, massage therapist, sleep physician and gastroenterologist. The reasons they were found helpful related to “being taken seriously,” “being believed,” “providing support,” “providing practical strategies,” “alleviating symptoms,” “providing educational liaison and advocacy,” “dietary advice,” and “managing other illnesses” that may also be present. The most common responses were appreciating “being understood,” “feeling respected,” “supported,” “reassured,” and “not feeling alone.”

Feedback Regarding Helpful Information

The young people consistently indicated that the most helpful information was providing some management strategies to help them “feel in control of their life again.” Managing symptoms and providing information regarding the importance of good routines particularly around sleeping and eating and activity was also appreciated, as well as understanding how to monitor their activities. Strategies for re-engaging with peers, assistance with liaising with schools as well as providing information regarding options to remain engaged in education were rated highly. General information about the illness prognosis and what had helped others, as well as up to date research information was useful. In addition to the hospital clinic, information was sourced from the internet, ME/CFS Society newsletters, and the support groups.

Could the Illness Have Been Handled Better?

There were some differences in feedback from the early questionnaires compared with the later ones mostly related to lack of awareness of the illness. They indicated the need for an earlier diagnosis, and more understanding by the community, the medical profession and by schools. They reported how important it is “to be believed” and to find “someone who understands.” There were regular comments about the perceived arrogance of the medical profession and lack of understanding, and how distressing it was to be accused of “being lazy” or implying that it was “all in the mind.” Lack of understanding and flexibility by educational institutions was reported as a major source of distress.

In later follow up returns, the comments regarding the need for general understanding of the illness and their plight, the need for earlier diagnosis and access to management strategies were similar. There were comments regarding self-management that they thought they could have managed better, such as managing stress, routines, pacing, depression, exercise and being more open to acknowledging the presence of depression especially as they were improving and re-engaging in society. There were comments regarding the need for resources to be available for the family, as well as regular but not necessarily frequent follow up appointments, and that contact with other young people in a similar situation would be helpful. Many commented that they also needed to be willing to ask for help.

Many indicated the need to be sensitive about when psychological assistance is offered. They were often not ready for that intervention as they felt they had enough to cope with. They were sensitive as to whether this was implying that psychological issues were the “cause.” Many indicated that they were “miserable” and “fed-up with being unwell” but not depressed which on reflection was a healthy response to their situation. If they were happy and content with not being able to attend school, see friends, or do any physical activity it would be a cause for concern. Others reported that they struggled with motivation and seeing any end to the illness. Some had a family history of depression and were open to receiving assistance. It was noted that when many young people started to feel a little better they were willing to have strategies for managing stress and anxiety and also reassurance that they had developed resilience while learning to manage the illness, and if faced with challenges in the future would have the skills to cope. Some young people needed help with family issues. Others needed help with integrating back into school and dealing with the challenges of social interactions and social learning tasks of adolescence, particularly as they felt vulnerable and had lost some confidence.

Use of Alternative Therapies

Seventy per cent of the young people used alternative therapies and these included 40 different types, some trying up to 10 different ones. The therapies ranged from naturopathy, chiropractics, homeopathy, Chinese herbs, intravenous vitamins, Reiki, Qi Gong, Tai Chi, Yoga, Myotherapy, Bowen therapy, massage, hypnosis, cupping, aromatherapy, color therapy, meditation etc. There were very few therapies that were considered of any value by the young people. The only ones that approached a 30% positive response involved massage (under a variety of different guises) for those with muscle pain and “good dietary advice” often in young people with associated abdominal discomfort. The most common comment was that they “wished their parents had not wasted their money or their energy by taking them to people who had promised to cure them but didn't.”




DISCUSSION


Demographics and Baseline Symptoms

The finding of M:F ratio of 1:3 is consistent with other studies showing a consistently higher proportion of females to males with CFS, for example, Reyes et al. (39), Rowe et al. (40), and Bell et al. (7). The observation in this study that the ethnic background characteristics are not consistent with the demographics of the state, nor the clientele of other general medical or adolescent health clinics in the hospital, is interesting in the light of reports of CFS occurring in community surveys in Japan (41), Korea (42), and the United Kingdom (43). However, each of these studies was in adults and associated with high rates of psychological distress and based on survey information rather than a clinical assessment of CFS. There may be ethnic and cultural differences in how CFS is reported, for example in Japan it is rare for infection to be recognized as the trigger, and chronic sleep deprivation and stress are noted to be associated with the condition, where it is commonly described as school phobia (personal communication, Prof. Miike, 2008). Shi et al. (44) reported likely CFS from surveys of Chinese students associated with despondency and anxiety regarding school. There was a predominance of males. There are few documented pediatric studies in other ethnic populations. Due to the universal health care system and the demographic of other medical clinics in the hospital, access to health care is unlikely to be the main explanation. This cohort reported a high rate of post infective onset, as well as higher than expected rates of positive antinuclear antibody serology without evidence of clinical connective tissue diseases. It is recognized that people of northern European descent have a higher proportion of autoimmune diseases both in ethnic variation in expression of autoimmune diseases such as SLE (45) and the prevalence of multiple sclerosis (46).

Of note, was the consistency with which this cohort of young people responded regarding the severity and frequency of symptoms that was comparable to the earlier cohort that was obtained when there was very little awareness of the condition in young people (47). The high rate of reported infections at the onset and the consistency in responses suggests a relatively homogeneous group. The rates of anxiety and depression were also comparable with the previous sample and higher than the community sample. It is noted that the baseline rate of reported depression was only marginally higher than a large concurrent adolescent survey in the state (36). Crawley et al. (48) and a review by Lievesley et al. (49) have reported increased prevalence of anxiety and depression in young people with CFS implying that this association may be contributing to the morbidity.



Follow Up Study

Outcomes

Follow up of this large well defined cohort with 87% of the study group providing data, has indicated that more than half the young people report recovery and many who do not report recovery, are also functioning well. The mean duration of illness was 5 years (range 1–15 years). By 10 years 68% reported recovery. The young people who reported recovery at 14 and 15 years could not identify any contributing factor. “It just happened.” The duration of illness was comparable to the placebo arm in the 5-year follow up following the immunoglobulin trial and a mean of 8 years from onset (13). Sixteen percent were moderately unwell with 20% reporting “not quite back to normal” and the remaining 64% reporting recovery. Bell et al. (7) had a well characterized group also with a defined onset and likely post-infective, that was followed for approximately 13 years. Their findings were similar in that all had improved function and most considered that they had recovered except 20% remained unwell. Other follow up studies have been for short periods (1, 4, 6, 50); have not been diagnosed clinically (2); had half the cohort with fatigue of 1–6 months duration (4); the cohort was small in numbers (3); or the follow up did not have a high proportion participating (4, 5). Due to these differences, findings are difficult to compare. In this study, it is clear that there was variation in how young people defined recovery. There was a significant overlap in functional scores between those who had reported recovery and those that had not. In this study, as well as requesting an assessment as to whether they have recovered, an indication of their level of functioning that took into account stamina, recovery after activity, proportion of participation in work or school, whether the workload has been reduced, level of social contact and severity of symptoms. Early follow up questionnaires requested this in detail as well as using the Bell scale. Young people could consistently estimate their level of functioning. A global functional rating scale (Appendix 3) compiled from the surprisingly consistent descriptors of hundreds of young people with ME/CFS in the clinic has good inter-rater reliability. This however did not necessarily reflect their concept of whether they had recovered or not. They reported struggling with understanding what to expect as “normal functioning” as they had no frame of reference.

Other follow up studies have varied in how they have reported recovery making comparisons difficult. Differing measures such as measures of fatigue (8), symptom presence and functional outcomes, (9, 10), self-report (6) or a combination of global functioning and self-report have been used (7). Parslow et al. (11) have been investigating what aspects for defining recovery are important to young people with ME/CFS. Fatigue scales, Karnovsky scores, school attendance or physician's perspective (51) are useful markers of improvement but do not appear to capture the complexity of what is important to young people as well their tolerance level to the normal “ups and downs” of life and their satisfaction with what they are able to do.

In this follow up study there is a higher than expected rate of engagement in post-secondary education compared with the community rates, and a high proportion (95%) who are either working or studying part or full time. It was also noted that those who attended tertiary education, there was a much higher than community rate of completion of courses and lower than community rate of changing courses. In Victoria, there is a scheme available to apply for Special Entry Access to university if preparation for university entrance had been impacted by chronic illness, and usually very supportive Disability Liaison Units exist in universities to assist once enrolled. Universities recognize that young people who have faced adversity do not tend to waste their opportunities and their applications are usually given consideration.

It is noted that the proportion of young people with positive ANA is higher than expected without progressing to clinical autoimmune disease. There was a range of other illnesses reported which influenced the functional rating but were usually reported as separate from ME/CFS. Severe anxiety, depression, agoraphobia, eating disorder, although uncommon was linked with ongoing CFS. Presence of reported depression at follow up was linked with family discord or lack of support, difficulty with completing an education to equip for satisfying work, ongoing severe symptoms or disclosed history of sexual abuse that had often occurred after the onset of the illness.

Feedback

Regular feedback has helped inform our management and advice that we can offer young people. There has been a clear message about how important it is to the young person to be believed, to feel supported and to be provided with a management plan that enables them to have some control of their lives. Maintaining social connectedness and support for continuing education is crucial to ensure their aspirations remain. Similar to the reported feedback from young people in the UK, advocacy for school and ability to continue with education was valued (11). The education system in the state allowed for flexibility in workload, school attendance, mix of Distance Education and school based learning as well as access to a Visiting Teacher service whose brief is to help liaise and coordinate the learning program at school and at home until the young person is well enough to return to school full time. Appropriate documentation to access these services is required but experienced Visiting Teachers explaining to other teachers significantly improved cooperation and satisfaction on the part of student and staff.

Anecdotal information about the perceived value of various alternative therapies has been appreciated by young people. As few therapies have even reached expected level for placebo intervention, the time and money saved has been often been used to support an interest area that has contributed to enriching their life.

Feedback indicated the importance of being sensitive about when psychological assistance is offered as there were many situations where they were not receptive until later in the illness. Sometimes this was related to an implied attitude that ME/CFS is a “psychological illness” rather than a chronic illness with its attendant challenges.

If graded exercise was implied as a means to recovery and symptoms were made worse, the young person often withdrew from any medical assistance and frequently from school. Some interpreted the message as indicating that the problem was with their cooperation or motivation, not with what was being advocated. Several were very angry and suspicious of medical profession. At other times, intervention programs were very helpful when self-management strategies such as organizational skills, sleep hygiene, advocacy for appropriate school program and appropriate strengthening exercises and advice regarding how to monitor increases in activity including “boom/bust planning.”

Many reported that they appreciated the plan that recognized the impact of illness on every aspect of their life and the fact that they could reduce this effect by not neglecting these areas. This approach was not disregarding the fact that they were ill or implying that their belief that they were unwell was hampering their recovery. If they felt they were believed, they did not have to prove it, and they just needed to find a way to survive it in good shape and feel that they were supported in doing so. Families certainly indicated that they were grateful and much less anxious when there was a negotiated plan and they were supported in dealing with the education authorities. Similarly, the education authorities reported being grateful for information and support.

Although a variety of management strategies such as adaptive pacing, graded exercise, cognitive behavior therapy can be helpful (14), the specifics of what this entails and whether it is implemented as an individualized program is often not clear. However, Burgess et al. (52) found a family focused individualized home based rehabilitation program was well received for those with severe CFS. Evidence for significant improvement is hampered by difficulties in comparing outcome measures according to clinical presentation, patient characteristics, case criteria and degree of disability (16). The routine care that occurred in this cohort does include aspects of these strategies but as no two management plans were the same, the details of how they were implemented were not standardized. What did seem important was that the young person was devising the plan with the support of the family and cooperation of the school.

Outcomes and Baseline Characteristics

Although many reports (3, 43, 49, 53, 54) imply that the presence of depression or anxiety at the onset could potentially influence the recovery or function, there was no convincing evidence in this study that the presence or absence of depression, anxiety or illness severity was associated with outcomes in this cohort. Neither the presence of positive ANA titer nor documented EBV infection was associated with outcomes. Nonetheless, depression, anxiety or other illness documented at follow up was reported as affecting function and occasionally was linked with ongoing CFS or else reported as a separate issue following recovery. Therefore, this study was not able to identify any predictor for recovery.

Strengths of This Study

The desire by young people to have answers to common questions ensured a high participation rate and frank responses from the large cohort over a long period of time. There was a very high proportion of the original cohort who willingly provided information despite the challenges in tracking such a mobile population. Despite little information in the public domain about the illness when some of the initial symptom inventory and background information data were collected, the consistency of responses indicates that the group is relatively homogeneous and consistent with earlier and later case definitions (19, 20, 35, 55) as well as being comparable to an earlier study group (12, 22). Although the comparison group in this cohort did not have comparable detailed baseline data nor the prospective repeated follow up questionnaires the 2 groups were only significantly different on age range and current education status but all other comparisons were comparable. Similarly, the concern that young people with severe CFS may not be represented in this study and therefore skew the findings, was not realized as some attended in wheel chairs and were clearly very limited, and the average functional score based on the Bell scale did indicate that at the beginning of the illness, they were severe.

The duration of illness and functional outcomes were also comparable between both groups, the placebo arm of the immunoglobulin trial as well as the Bell follow up study, which was a defined group for a prolonged period of time.

There was marked consistency in feedback comments. Regaining some control of their life by designing their own management plan was cited by the majority as the most helpful intervention.

Weaknesses

This study has provided information from only one center and may not be representative of outcomes in another area of the country or internationally. The high rate of post-infective/defined onset CFS has indicated a relatively homogeneous group so that the outcomes may not be applicable to other groups. In addition although the management principles were similar, the actual plan was very individualized and the effective component would not be easy to measure. The timing of the various activity increases and the nature of these activities as well as the timing of psychological assistance was also very varied and individual, based on the young person's situation and readiness both from an illness point of view as well as developmental stage. Similarly, standardized outcome measures that have been used in other studies were not used consistently as the young people did not feel that they were asking questions that were important to them. Similarly school attendance, as such, was not a satisfactory measure of their educational progress but the number of subjects, workload and quality and quantity of task completion was often more satisfactory.

Early in this study it is likely that the presence and significance of orthostatic intolerance may have been missed, although it was noted that those with a slower onset of symptoms (over several months) frequently had associated hyperflexible joints.

Although the regular attempts at formal follow up ensured that the time of recovery was reported close to the event, the proportion of the current sample returned at each time period was not high. As these data were initially collected as part of routine clinical care rather than a formal investigation of duration and predictive factors, the baseline data was not complete. It does however appear that there was little difference in outcomes and other characteristics when both study group and comparison group were part of the final follow up study. So the concerns that lack of completion of baseline data may affect outcomes by potentially reflecting lack of engagement, severity of illness, or not disclosing mental health issues were unfounded.

Further Study

In order to confirm if these estimates are able to be generalized, this study highlights the need for baseline questionnaire data that is not too onerous to be routinely collected in clinic cohorts. The data needs a severity or frequency scale, and an opportunity to indicate if the symptoms are currently not present, but were previously in the illness, as well as routine documentation of functional improvement and perception of recovery. Confirmation of the impact of depression and anxiety and illness severity at the outset and the perception that some of the contributing factors may be iatrogenic, and focusing on interventions that are important to young people would also be a fruitful area for further investigation. These factors may well vary depending on the sociocultural environment. The overlap between education and health and the importance of remaining engaged in education that was identified by young people as crucial for improved functional outcomes, as well as support and acceptance by family, medical personnel and schools and the importance of regular but not necessarily frequent follow up has been identified as areas that need further study. The impact of management of orthostatic intolerance on improving function warrants further study (17, 40). The suggestions that nonspecific autoimmune responses may be associated and that interventions such as intravenous immunoglobulin may be possible as a treatment option, warrants further investigation in a different cohort.




CONCLUSIONS

Follow up of this cohort indicated that a significant proportion reported recovery and this was confirmed with reported participation in school, work or social activities as well as the global score. The mean duration of illness was 5 years with a range of 1–15 years. Other features of this cohort indicated that there was a high proportion of reported and documented infectious trigger, the most common being EBV. The reported symptoms were very consistent across the group. The ethnic background of the cohort was not representative of the population nor the hospital clientele, and as 17% reported a close family member who had had a prolonged recovery following an infectious illness, had diagnosed ME/CFS in the past or currently, a possible genetic predisposition is likely. Moderate to strongly positive ANA titers were more common than expected and not associated with any other clinical indication of connective tissue disorders. Depression rates were marginally above adolescent baseline rates in Victoria. Higher scores were commonly associated with severity of symptoms, “not being believed” or difficulty negotiating an appropriate program at school. Anhedonia symptoms were rarely reported and these were often when there was a recognized strong family history of depression. There was no difference in outcome rates with those with moderately severe depression at first visit and those with none, however depression was more commonly reported in those with reduced global scores at follow up and those who reported they had not recovered. Additional illnesses were relatively common at follow up and either distinct or comorbid with ME/CFS (Fibromyalgia, anxiety, depression, severe orthostatic intolerance, IBS, fructose/lactose intolerance). There were no suicides reported.

Young people reported that management strategies that allowed them some control back over their lives, that reduced the uncertainty for families and ensured that they received the appropriate understanding and support were the most valuable intervention. Symptom management, especially sleep and headache were very helpful. There were many comments about needing to be believed and understood by the medical profession, teaching profession and family. Comments about alternative therapies usually reflected their parent's anxiety and desire to find something that might help rather than being helpful to the young person.

Many young people reported that they could have improved their self-management as well as acknowledging that they could have been more prepared to accept some help regarding some of the social and psychological issues that they had to face as they were returning back into active life, including dealing with their lack of confidence regarding their ability to cope with adversity or acquisition of social skills due to their absences from school. They acknowledged that this was offered but they were not necessarily ready to access the help.

Remaining engaged in education and therefore their ability to pursue their aspirations was identified as crucially important but involved significant advocacy support and creativity to ensure this occurred. There was a high proportion who reported engaged in or completing post-secondary education (higher than national rate) and more than 95% were working or studying part or full time.

The answers to the common questions are that the majority recover (68% by 10 years). The mean duration was 5 years with range 1–15 years. The functional outcome is generally good, however the duration of illness over such a crucial period of development means that attention to the impact it has on education, social, emotional and physical development was identified by the young people as key to how they coped with, and survived the experience. There was no obvious predictor for recovery at the onset, but there are many helpful interventions including management plan, symptom management and remaining engaged in education. The level of maturity and resilience demonstrated in the young people in the feedback during the follow up was inspiring.
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Ol absent Ol present p-value
Female 100% 88% ns
Height 173 (9) cm 170 (10)cm ns
Weight 65 (9) kg 63 (13) kg ns
Caucasian 100% 100% ns
Age (years) 44(4) 28(9) <001
Median duration of CFS 9 (8-11)years 7 (5.8-10) years ns

“Unless otherwise specified, these values represent mean (SD. DI, diference; O,

orthostatic intolerance).
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__ Group Al CFS (n = 36)
Variable .

Mean age (SEM) 50.9(1.5)
Age Group
18-29 1(28%)
30-39 4(11.1%)
40-49 10 (27.8%)
50 and older 21 (58.3%)
Race
White 32(88.9%)
Other (Black and Native 4(11.19%)
American)
Education
High school graduate®®) 14 (38.9%)
Associate degree, some 22(61.1%)

college, or college degree
Income (§/Year)

=<20,000 11(30.6%)
20,000-40,000 13 (36.1%)
Over 40,000 9(25.0%)
Missing 3(12.5%)

Allvalues are numbers and (%) except for age, which is shown as mean.
SEM, standard error of the mean.
(0), includes one participant who had some high school education but no diploma.
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~

" Group AlI CFS (n = 36) CFS+EM (n = 13) CFS-only (n = 23) p
Variable ™.
Age 50.9(1.6) 54.0(1.8) 49.12.1) 0.39
BMI 295(0.7) 286(1.0) 30.0(1.0) 029
Mean duration of CFS iiness (years) 17.0(2.7) 16.8(3.9) 17.1(2.3) 098
Onset of CFS illness® 0.73
Sudden, n (%) 6(16.7%) 2(15.4%) 4(17.4%)
Gradual, n (%) 29(80.6%) 11 (84.6%) 18 (78.3%)
Missing, (%) 1@.7%) - 1(4.3%)
Presence of post-exertional malaise 0.28
Yes, n (%) 30(83.3%) 12 (92.3%) 18 (78.3%)
No, n (%) 6(16.7%) 1(7.7%) 5(21.7%)
SF-36 Subscales (Range 0-100)®)
General health 51.6(3.5) 53.9(5.7) 50.3(4.6) 0.64
Mental health 66.0(3.9) 68.6(6.5) 64.5(3.6) 055
Physical functioning 50.4(3.6) 46.9(5.4) 52.4(4.7) 0.47
Role emotional 55.6(7.0) 64.1(11.6) 507 (8.9) 037
Role physical 18.8(5.0) 15078 22.8(6.5) 0.29
Social functioning 49.0(39) 49.0(7.9) 489 (4.2) 0.99
Vitality 17.8(2.1) 196 (4.0) 16.7 (2.8) 051
Bodily pain 20.12.7) 37.038) 41.8(3.7) 0.40
MFI-20 Subscales (Range 4-20)(¢
General fatigue 17.703) 17.1(0.4) 17.9(0.4) 074
Physical fatigue 14.4(05) 138(09) 14.7 (0.6) 0.44
Mental fatigue 14.1(0.7) 128(1.2) 14.9(08) 0.17
Reduced activity 14.8(0.6) 14.5(08) 15.0(0.8) 0.67
Reduced motivation 12.3(0.7) 12.2(1.1) 12.3(0.9) 0.98
CDC Symptom Inventory
Number of CFS symptoms 59(0.2) 68(03) 55(03) 0.02
Symptom Inventory Score 46.0(3.4) 51.4(5.7) 430(4.9) 024
Gynecologic Variables
Pelvic pain, 1 (%) 8(22.2%) 6 (46.2%) 2(8.7%) 0.02
Hysterectomy, n (%) 19 (52.8%) 11 (84.6%) 8(34.8%) <001
Postmenopausal, n (%) 25 (69.4%) 12 (92.3%) 13 (56.5%) 0.03
Mean age at menopause onset 41.7 2.3) (0 = 20) 36.4(3.0) (n = 10) 47.02.7) (= 10) 0.03
Hysterectomy in the subset of post-menopausal wormen only, n (%) 19/25 (76%) 1112 91.7%) /13 (61.5%) 0.16

CFS, chronic fatigue syndrome; EM, endometriosis; CFS+EM, women who had CFS and endometriosis; CFS-only, women who had CFS but not endometriosis
Values are shown as mean (SEM, standard error of the mean) or number (percentage), n (%).

@ One missing response in the CFS-only group.
®) Lower score indicates worse health status/more disabilty.

©) Higher score indicates more fatigue.

@ Non-menstrual, chronic pelvic or lower abdominal pain.
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None Mild Moderate Severe

(n=20) (n=67) (=72 (n=20)
PEAK EXERTION (MEASURED HEART RATE)
Predicted HR 179 177 177 173
Actual HR 163 147 133 17
9% Predicted ot 83.1 75.4 67.6
70% EXERTION (CALCULATED HEART RATE)
Predicted HR 126 124 124 121
Actual HR 14 102 93 8
% Predicted 90.4 82.3 750 678

(The authors used the Holmes criteria to identify ME/CFS). At both peak exertion and
ventiatory anaerobic threshold, the difference between age-predicted heart rate and
observed heart rate increased as American Medical Association metabolic impaiment
category worsened. HR, heart rate.
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Activity

Circuit training
Driving automobiles
Folding laundry
Food preparation
Food shopping
Light bicycling
Light calisthenics
Lying quietly
Making the bed
Mild stretohing
Moderate bicycling
Moderate cleaning
Playing with children
Scrubbing floors
Showering

Sitting quietly
Sleeping

Standing quietly
Sweeping
Vacuuming
Vigorous bicycling
Walking <2.0 mph
Walking 3.0 mph
Walking 8.5 mph
Washing dishes
Washing windows
Watering plants

Acti

MET
requirement
(mi/kg/hr)

4.3
256
23
35
25
35
35
1.0
35
23
6.8
35
35
35
2.0
13
0.95
13
33
33
8.8
20
35
43
25
35
25

Under VAT?

ME/CFS

Pre PEM Post PEM

No
Yes
Yes
No
Yes
No
No
Yes
No
Yes
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
Yes
No
Yes

No
Yes
Yes
No
Yes
No
No
Yes
No
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
No
Yes
No
No
Yes
No
Yes

Sedentary

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
Yes
Yes

No
Yes
Yes
Yes

ies falling under the 95% confidence interval for VAT from data reported by Snell

et al. (26) were considered under VAT. Likely differences in activiy tolerance between
individuals with ME/CFS and sedentery indlvicuels appear in bold. ME/CFS, myalgic
encephalomyeltis/chronic fatigue syndrome; METs, metebolic equivalents; PEM, post-
‘exertional malaise; VAT, ventilatory anaerobic threshold.
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Study Case defi Females with ME/CFS Males with ME/CFS
criteria
n  Observed  Predicted  %Predicted n  Observed  Predicted % Predicted

HEART RATE AT PEAK EXERTION
Blazquez et al. (38) Fukuda 32 126 187 77 - - - -
Castro-Marrero et al. Fukuda 73 140 171 818 - - - -
(39)
Cook et al. (40) Fukuda 19 174 186 96 - - - -
De Becker et al. (29) Fukuda 421 151 183 825 - - - -
Ickmans et al. (47) Fukuda 30 145 184 788 = - = -
Montague et al. (50) Unknown 20 126 187 67.4 11 119 180 66.1
Nis et al. (58) Fukuda 156 152 181 84.0 - - — -
Nis et al. (59) Fukuda 36 146 181 807 - - - -
Pardaens et al. (50) Fukuda 116 142 181 785 - - - -
Robinson et al. (52) Fukuda - - - - 6 173 176 983
Sargent et al. (30) Fukuda 17 183 186 98.4 16 184 186 989
Vermeulen and Fukuda 178 158 177 893 2 155 178 87.0
Vermeulen van Eck (66)
(CFS Only)

Sample weighted mean  — 150.1 1808 830 - 1580 180.4 875

95% confidence interval  —  149.0-151.1  1804-181.2  826-83.4  —  1528-1633 1789-181.8  85.4-89.7
HEART RATE AT VENTILATORY ANAEROBIC THRESHOLD
Sargent et al. (30) Fukuda 17 131 130 1006 16 122 130 93.7
Vermeulen and Fukuda 178 12 128 87.4 2 104 125 835
Vermeulen van Eck (66)
(CFS Only)

Sample weighted mean  — 1187 1283 886 - 1100 1268 875

95% confidence interval ~ —  111.8-1155  128.1-1285  87.3-89.9 ~ —  107.1-1149 1256-1280  852-89.7

N, sample size; ME/CFS, myalgic encephalomyeliis/chronic fatigue syndrome.
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Study Case definition Test 1 Test2
criteria
n Observed Predicted % Predicted n Observed Predicted % Predicted

HEART RATE AT PEAK EXERTION IN PATIENTS WITH ME/CFS

Hodges et al. (46) Fukuda, CCC, ICC 10 164 183 84.2 10 161 183 825
Keller et al. (28) Fukuda 22 160 176 0.9 22 150 176 85.2
Vermeulen et al. (65) Fukuda 15 168 184 85.7 15 165 184 84.2
Sample weighted mean  — 158.1 180.0 87.9 - 151.8 180.0 84.3
95% confidence interval - 167.2-159.0  178.8-181.3 86.9-88.9 e 161.1-1526  178.8-181.3 83.9-84.7
MEASUREMENTS AT PEAK EXERTION IN CONTROL SUBJECTS
Hodges et al. (46) Fukuda, CCC, ICC 10 161 181 89.0 10 162 181 89.5
Vermeulen et al. (65) Fukuda 15 167 184 0.8 15 168 184 91.3
Sample weighted mean - 164.6 182.8 90.0 - 165.6 182.8 90.6
95% confidence interval — 162.9-166.3  182.0-183.6 89.5-90.5 = 163.9-167.6  182.0-183.6 88.1-93.6
HEART RATE AT VENTILATORY ANAEROBIC THRESHOLD IN PATIENTS WITH ME/CFS
Hodges et al. (46) Fukuda, CCG, ICC 10 134 128 104.6 10 133 128 103.8
Keller et al. (28) Fukuda 22 13 123 91.7 22 108 123 87.7
Vermeulen et al. (65) Fukuda 15 110 129 85.4 15 112 129 87.0
Sample weighted mean b 116.5 126.0 92.4 et 114.5 126.0 90.9
95% confidence interval  —  112.8-120.2  125.2-126.9 89.6-95.2 —  1108-1184  1252-126.9 88.1-93.6
MEASUREMENTS AT VENTILATORY ANAEROBIC THRESHOLD IN CONTROL SUBJECTS
Hodges et al. (46) Fukuda, CCG, ICC 10 137 127 108.1 10 146 127 108.3
Vermeulen et al. (65) Fukuda 15 111 129 86.2 15 118 128 91.6
Sample weighted mean - 1214 1280 95.0 — 129.2 128.0 101.0
95% confidence interval - 95.9-146.9 127.4-128.5 88.9-101.0 - 121.4-1370  127.4-1285 95.4-107.6

n, sample size; ME/CFS, myalgic encephalomyelitis/chronic fatigue syndrome; CCC, Canadian Consensus Criteria; ICC, International Consensus Criteria.
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ME/CFS Control

(n=51) (n=10)
CPET4
VO,, Peak 21.51 (4.09) 25.04 (4.41)
20.34-22.71 22.35-27.73
METs, Peak (Calculated) 6.15(1.17) 7.15(1.26)
5.81-6.49 6.39-7.92
9 Diference, Peak ~16.3%
VOj, VAT 12.74 (2.85) 13.83 (2.79)
11.92-13.55 12.00-15.67
METs, VAT (Calculated) 3.64 (081) 395 (0.78)
3.41-3.87 3.43-4.48
9 Difterence, Peak -8.2%
CPET2
Oy, Peak 20.44 (4.47) 23.96 (4.30)
19.25-21.63 21.27-26.65
METs, Peak (Calculated) 5.84 (1.28) 6.85(1.29)
5.50-6.18 6.08-7.61
9 Diference, Peak —14.7%
Oy, VAT 11.36 (2.91) 14.12 (3.26)
10.39-12.01 12.20-15.96
METs, VAT (Calculated) 3.25(0.89) 4.03(93)
2.97-8.43 351-4.56
9 Difference, VAT —19.4%

Decremented performance was noted in individuals with ME/CFS on the second CPET at
peak exertion and ventilatory anaerobic threshold, indicating the physiological correlates of
post-exertional malaise. Measurements are expressed as mean (standard deviation) and
95% confidence interval. CPET, cardiopulmonary exercise test; HR, heart rate; ME/CFS,
myalgic encephalomyelitis/chronic fatigue syndrome; METs, metabolic equivalents; VAT,
ventilatory anaerobic threshold,
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Score

0.105990
0.017413
0.016377
0.014899

0.014763
0.014508
0.014083

0.013081

0.012011
0.012452

0.011824
0.011824
0.011178
0.010057
0.010499
0.010465
0.010431
0.010074
0.000819
0.009751
0.009429
0.009378
0.008987
0.008885

0.008596
0.008392
0.008307
0.00739

0.007339
0.007203

Feature

age
gender
icd_RS3
pt_00175

icd_N39
icd_ES5
pt_00123

opt_00124

icd_RO7
pt_00128

icd_R51
pt_00217
pt_00168
icd_R06
icd_ROO
icd_Ro4
pt_00289
icd_RS0
icd_D64
icd_E03
cpt_00367
pt_00220
icd_K59
pt_00350

pt_00174
icd_751
icd_M62
icd_R79
pt_00160
icd_R26

Description

Malaise and fatigue
Qualitative_or_Semiquantitative_
Immunoassays

Other disorders of urinary system
Vitamin D deficiency

Diagnostic_Radiology_(Diagrostic_imaging)_
Procedures_of_the_Head_and_Neck

Diagnostic_Radiology_(Diagnostic_Imaging)_
Procedures_of_the_Chest

Pain in throat and chest

Diagnostic_Radiology_(Diagnostic_Imaging)_
Procedures_of_the_Abdomen

Headache
Cardiography_Procedures
Urinalysis_Procedures

Abnormalities of breathing

Abnormaliies of heart beat

Abnormal results of function studies
Subsequent_Hospital_Care_Services

Fever of other and unknown origin

Other anemias

Other hypothyroidism
Temporary_National_Codes_(Non-Medicare)
Echocardiography_Procedures

Other functional intestinal disorders
Ambulance_and_Other_Transport_Services_
and_Support
Hematology_and_Coagulation_Procedures
Encounter for other aftercare and medical care
Other disorders of muscle

Other abnormal findings of blood chemistry
Diagnostic_Nuclear_Medicine_Procedures
Abnormalities of gait and mobility
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Year

Average

General
population

$8,500
$7,800
$7,500
$7,700
$7,300
$7,760

ME

$30,600
$32,400
$31,300
$34,300
$25,700
$30,860

Lupus

$22,600
$21,100
$20,100
$20,100
$16,900
$20,160

Ms

$23,220
$22,090
$21,050
$22,780
$19,160
$21,660
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Source Population  Prevalence % Female  Method
size per 100,000

Diagnosed with ME (subset 2, continuous enroliment 2-4 years) 1.7m 121 60.1% Insurance Claim Data

Nacul et al. (24), (ME/CFS, UK) 143,000 200 51.0%  Community Health Study

Reyes et al. (13) (ME/CFS, Wichita, KS) 90,316 240 81.8% Community Health Study

Jason et al. (19) (ME/CFS, U.S) 18,675 420 71.9%  Community Health Study

Diagnosed with ME or CFS (main dataset, non-continuous enroliment) 50M 519 65.7% Insurance Claim Data

Diagnosed with ME or CFS (subset 1, continuous enroliment 2011-2016) 2.5M 669 64.7% Insurance Claim Data

Projected prevalence of ME using machine learning 27M 857 57.9%  Machine Learning Predictive Model

Diagnosed with ME or CFS (subset 2, continuous enroliment 2 to 4 years) 11.7M 1038 65.0% Insurance Claim Data

National ME/FM Action Network (17) and ME Association of Ontario (16) 65,000 1,400 63.4%  Survey

(Canadian Community Health Surveys)

Lin et al. (15) (BRFSS survey, ME/CFS, several states) 54,695 1,600 80.0%  Survey
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Disease

ME/CFS

Lupus

Muttiple Sclerosis

Reference population

# Patients based on
est. 2017U.S.
population
1,726,000-3,746,000

785,000

486,000

Prevalence

519-1,038/100,000
0.52-1.04%
241/100,000 0.241%
@7

149/100,000

0.15% (26)

Burden of
(DALY-disabi
life years)

714000 (26)

No data available

300200 (26) ~284171 (NIH,
disease burden 2015)

Average annual
medical cost

$30,860
$20,160
$21,000

$7,760

NIH research spending
2017 (NIH categorical
spending, 2017)
$15MM

$100MM

$111MM
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Study Diagnostic ‘Sample handling and processing Assays Assay results
criteria
Sample Collection Time of Storage  Method ~ Manufacturer  Kits Increase Decrease. No difference
matrix (Specifications collection
of note)
Ly etal. 2018 (109) Fukuda etal. 1994 Plasma. samples taken at 30min - 10.00a.m.~1200 -80°C  Muiplex  BDBiosdences  Human CBAKit IL-6, TNFa 1P-10, IL-12/23p40
(@) intervals on two. pm. {response to low
consecutive days dose dex, LPS)
Richardsonetal.  Camihersetal.  Serum non-fasting blood - - Bt BDBosciences;  Human CBAKit 560484 serum activin B L2, IL-4, 1L6, 110,
2018(110) 2003 (223) samples collected after acthin ELSA TNE FN, IA7A,
20-min standing test supplied by Oxford actiinA
Brookes University
Okaotal.2018(111) Fukudaetal 1994  Serum and after 8 wooks of 2:00-400 pm. -80°C  ELSA Fujrebio, RED, bl IL-6 CLEIA cartridge; Quantiking ™NFa IL6; N, IFN-y;
(71), Garnuthers etal. plasma (TGF-1, _ intervention, blood assay science, high-sensitivity ELISA human TGF-$1, BONF
2011(225),and  BONP) sampling before and BioSource Ewope  TNF-a immuncassay: Verikine
SEID, 2015 (230) afterthe last session SA;RED Human Interforon Alpha
Mult-Subtype Serum ELISA kit;
MEDGENX human IFNy EASIA
kit: Quantikine; Quantkine
ELISA human TGF-p1 kit, BDNF
Kit
Moneghettietal.  Fuudaetal. 1994  Sem fasting blood sample  moming ~80°C  Mutilex  Affymetix 51-Plex Luminex bead kit oxeL 10 L8, CXCLIO, GO, Lt L1, I-1RA,
2018 (112) (71) and Camuthers TNF-B, ICAM-1 L4, 1L, L6,
etal. 2011 (225) for L 1L-8, IL-10,
PEM 112940, 112670,
143, 1L-15, IL-17,
ILATF, IL-18, LIF
Miradetal 2018 Fukudaetal. 1994 Plasma - 1100a.m.-3:00 -80°C  Mulplex  Quansys(R8D)  Q-plex Human cytokine screen  IL-2,IL-6, TNF-a
(118 n pm.
Wylleretal. 2017 Fukudaetal. 1994 Plasma fasting blood sample, no. 7:30-9:30am. -80°C  Mulex  Bio-Rad Leboratories. Bio-Plex Human TGF-p 3-Plex TGF-B1, TGF-52,
(t13) (71) and Camuthers tobacco TGF-43
etal. 2008 (223)
Roerink et 2017 Fukudaetal, 1994 Plasma before and after 4 weeks - -80°C  Mutiplex  Ofink Proteomics AB; Proseek Multiplex Inflammation ~ Positively Negatively associated  IFN-y, IL-1a, IL-2, L4,
(114 (71 and Camthers of treatment RED panel; TGF-§ duo-set DY240  associated with  with isk of beingan  IL17A, TNF, MCP-3,
etal. 2008 (223) fiskofbeingan  ME/CFS patient: CXCLS, IL-17c, TSLP, PD-L1,
ME/CFS patient:  GXCL10, CXCLY, 1L-24, IL-13, 1L-20,
COL4, 1L129,  CCL28, CCL2S, CCL20, IL33, LI IL-S
CCL11,FGF, IL6, CCL19, TRAIL, TNFB,
COL23,OX3C0L1,  FGF23
IL10, CXCLS
Montoyaetal. 2017 Fukudaetal. 1994  Senum - 830am-330pm.  -80°C  Muplex  Affymetix 5t-muliplex aray resistin; significant 34 others flom
(t16) ) severogroup  nonlinear inverted trend: - §1-mulplex array
(when stratified by ~ICAM1, resistin
severity): significant
upwiard inear trend
across severty:
CCL11, CXCL1,
CXCL10, G-CSF,
GM-CSF, IFN-y,
L4, 118,17,
IL-12p70, IL-13,
IL-17F, leptin, LIF,
NGF, SCF, TGF-a
Negy-Szakaletal.  Fukudaetal. 1994 Plasma - - -80°C  Muplex  Afymetix Customized Procarta ILta, IL1B, IL1RA, IL18,
2017 (17) (71) and Camuthers. immunoassay (61-plex) L2, IL4, L7, L9, 1L13,
etal. 2003 (223) IL15, IL5, L6, LI, IL31,
IL10, 21, 122,
IL12p40, 1L12p70, .23,
IL27, IL17A, IL17F,
FNG2, NS, IFNy,
TNFa (TNFSF2), TNFB
(INFSF), sFasl.
(INFSFS), TRAL
(INFSF10), COL2
(MCP1), CCL3 (MIP1a),
GCL4 MIP1b), CCLS.
(RANTES), CCLT
(MCP3), COL11
(eotaxin), CXCLT
(GROa), CXCLS (L8).
CXCLO (MIG), OXCL10
(P10), CXCLi2a
(SDFfa), PDGFBB,
VEGFA, VEGFD,
SICAM (CDS4),
VCAM1 (CD106), serpin
E1 PAIT), leptin,
resistin, TGFa, TGFg,
FGFp, INGF, HGF, SCF.
MCSF (OSF1),
GMCSF(CSF2), GCSF
(CSF3), PIGF1, EGF,
BONF
Homigetal. 2017 Fukudaetal 1994  CSF GSF samples from - -80°C Mutiplec  Afymetix Customized Procarta FGFbin Classical- IL1B, IL5, IL7,1L13,  ILira, ILta, 12, L4,
(118) (1) and for biobenk immunoassay (51-plex) ME/CFS-shot  IL17A,IFNa2, IFNy,  CXCL8(L8), IL10,
Carmthers et al. duration compared TNFa, TRAL (TNFSF10), IL12p40, L12p70, IL15,
2003(223) o Atypical- CCL2, CCLT, GXCLS,  IL17F, TNFB, CD4OL,
ME/CFS-shot  CXCL9, CSF3 (GCSF).  sFasL., COLS MIP1a).
duration; SCF in NG, resistin, serpin E1 - CCL4 (MIP1), CCLS
Atypical-ME/CFS ~ (PAI1) in (RANTES), CCL11
comparedto  Atypical-ME/GFS-short  (eotaxin), CXCLT
Classical-ME/CFS  duration comparedto — (GROa), CXCL1O (P10),
inespective of  ClassicalME/CFS-short  TGFa, TGFp, GSF1
finess duration  duration; L7, L17,  (MCSF), CSF2
CXCL9, serpinE1in  (GMCSF), PDGFBB,
Atypical- ME/GFS-short  HGF, VEGFA, LIF leptin,
duration compared to SICAM1 (CDS4),
Classical-ME/GFS-long  VGAM1 (CD106)
duration; IL5, IL13, IL17,
Atypical- ME/GFS-long
duration compared to.
Classical-ME/CFS-short
duration; L6, IL17 in
Atypical- ME/CFS-long
duration compared to.
Classical-ME/GFS-long
duration
Henevik etal. 2017  Fukudaetal. 1994 PBMC fasting blood samples  8:00-0:00am. -80°C  Muliplex  Bio-Rad Laboratories Bioplex assays, kits not SCD40Lin
(119) ) <peciied Giardia-exposed
V8. unexposed IL-10, IL-13, IL-17A,
ME/CFS subjects, IL-22, MP-1a, MP-18,
andin post- TGFB1, TGFS2, TGFBS,
infective-ME/CFS GM-CSF
.10
postinectie
faigue group
Udouryetal. 2017 Camuthersetal.  Serum non-fasting samples. - - Bon BD Biosdiences;  Human CBAKit 560484 Actin B L2, IL-4, L6, IL-10,
(120) 2003 223) collected after 20-min acthin kit supplied by ILA7A, TNF, IFN-a,
standing test Oxford Brookes. activin A, folistatin
Universty
Miradetal 2017 Fukudaetal. 1994  Plasma x -80C  ELSA Quansys Biosciences Q-plex Human cytokine screen  IL-18, -6, TNF-a
(121) ) within CFS patients
associated with
poor sieep qually
in ME/CFS.
Lundeetal. 2016 Fukudaetal. 1994  Serum and x - -80C  ELSA R&D; Invitrogen/Life  BAFF and APRIL kits BAFFin APRIL
(122) (71)and Camhers ~ plasma. technologies intervention group
etal. 2008 (223) relative to bassline
Huth et al. 2016 (123) Fukudaetal. 1994 PBMC x 7:30-10:00am. - Nether BD Bosciences;  intracellar staining of 1FN-y, TNF-a and
) Biolegend stimulated and unstimuated GM-CSF increased in
PBMC cultures culturo after challenge,
but o difierence
between groups.
Russelletal. 2016 Jasonetal. 2006 Plasma fasting blood sample - moming -80°C  EUSA Quansys Biosciences Q-plex Human cytokine screen  IL-4, IL-5, 12, IL-8, I-15 MECFS  IL-ta, IL-18, IL-2, IL-6,
(124) (226) and Fukuda (16-plex) UTainME/CFS  patents relative to IL10, IL-13, 17,
etal. 1994 (71) and patients relative to _ healthy contros; IL-23in [Ny, TNFa
1cD healthy controls; ~ ME/GFS adolescents
1L:8in ME/CFS
‘adolesosnts
Landietal. 2016 Fukudaetal 1994  Plasma samples from Sohe - -80C  EUSA Meso Scale MSD Human V-PLEX Plus Kits: - COL24 univariate  IL-16, L7, VEGF-A,  IL-17A, TNFB, CCL19,
(125) (71) and Gamuthers ME/CFS BioBank Discovery Chemokine Panel analysis CXCLS, OX3CLT COLHH, IL-18, TNFa,
etal. 2003 (223) 1, Oytokine Panel 1, and univariate analysis; I-16, COL3, CCL17, COL2,
Pro-infammatory Pane 1; IL7, VEGF-Aby IFN-g, IL-15, CCL26,
Human Eotaxin-2 Kit, a mullveriate luster IL-6, 1L-12/23p40,
custom-designed 3-Plex ki, a analysis coL22, 1L, CoL1,
custom-designed 1-Plex kit IL-1a, CCL4, GM-CSF:
IL-10, IL-4, IL-13, 1L-2,
CXCLIO, IL-12p70,
IL-8, B2M
Hardcastostal.  Fukudaetal. 1994 Seum non-fasting blood 8:30-11:30am. - Miipex  BioRad BioPlex Pro human cytokine  IL-1B inmoderate  IL:6 in moderate IL-fra, L2, 1L-4, L5,
2015 (126) ) sample comparedto  comparedtosevere  IL-6, IL-9, IL-10,
severo ME/CFS;  ME/CFS andhealthy  IL-12070, IL-13, 17,
IL7, -8, RANTES  controls, FGF, eotaxin, G-CSF,
in moderate GM-CSF, IP-10,
‘compared to PDGF-B3, TNF-a and
severe ME/CFS VEGF
and healthy
controls; IFN-yin
severe compared
to moderate
ME/CFS
Peterson etal 2015 Fukudaetal. 1994 CSF ‘GSF samples via lumbar - -80°C  Muplex  BioRad BioPlex Pro human cytokine 110
(127) ) puncture
IL-13, 145, 1L-17,
basic FGF, eotaxin,
G-CSF, GM-CSF, IFN-y,
P-10, MCP-1
RANTES, TNF-a, and
POGF-B3
Khaboulinaetal.  Fukudaetal 1994  Serum x - -80°C  Muliplex  Bio-Rad Laboratories. Bio-Plex Human Oytokine CCL1,CCL2,  COL11,CCL17, COL19, COL13, COL22,
2015(128) (T1)orlcC 2011 27-Plex Panel CCL20,CCL3,  COL21, CCL25, COL26, CCL23, COL24,
CXCL10, IFNo,  CCL3, OCL4,CCLS,  CCL27, COL7,
IL4,1L-10,L13, L8, CSF1,CSF3,  OXCL11, CXCL12a,
IL-15, IL25, IL-31,  CX3CL, CXCL1, CXCL12ab, CXCL13,
14, 16,17, CXCL13,CXCLS, CXCL16, OXCL2,
IL12(p75), TNF  CXCLB, HGF, IL-17F, L6, CXCLS, CXCLO, FGF,
IL9,LF. MF, POGF,  GMCSF, IiN-a, IL-12
TRAL, VEGF (P40), IL-15, L-16,
IL17A, L-18, IL-1RA,
IL-ta, IL1b, IL-2, L-21,
L2, 1L-23, IL-3, IL-33,
IL-6, IL-2RA, LIF
SCDA0L, SCF, SCGF-b,
TNF-3, b-NGF
Wyleretal. 2015 Fukudaetal. 1994 Plasma fasting bood samples  7:30-9:30am. -80°C Mutiplex  Bio-Rad Laboratories. Bio-Plex Human Oytokine IL-16, IL-1RA, 1L-2,
(129) ) 27-Plex Panel L4, 15, 116, 1L,
IL8, IL-9, IL-10, IL-12,
IL-13, 117, IFN-c,
CCL2, COL3, CCL4,
COLS, CXCL1O,
PDGF-BB, VEGF, FGF,
NG
Homigetal 2015 Fukudaetal. 1994  Plasma - 1000a.m.~2:00 -80C  EUSA Affymetix customized Procarta Leptin 116,18, IL-10, LTa,  TGF-f, IL-18, IL-ta,
(130) (71) and Camuthers pan. immunoassay ILI7A, sFasL, CXCL10,  TNF, IFN-g, IL-2, IL-12,
etal. 2008 (223) MCSF, FNG, I, IL-13, 1L,
ILAS, 17, 1L-13, 1L-9,
GMCSF, LF, CD40L,
TRAIL, CCL2, CCL3,
CCL4, CCLS, CCLT.
CCLit, OxCLt,
CXCLS, CXCLY,
PDGF-B8, VEGFA,
SICAM-1, VCAM-1,
TGF-o, FGFb, bNGF,
HGF, SCF, GCSF
Neuetal. 2014 (131) Fukudaetal. 1994  Serum samples collected after  early morning -20C  Mlplex  BDBiosdences  CBAHuman flex-set kit IL15, TNF L8, IL6, IFNG
n 2nd night of 110
polysomnography
(indwelling cannula)
Nekatomietdl. 2014 Fukudaetal. 1994 Serum - - -80C - enalyzedbythe - IL-18, IL-6, TNF, IFN-c
® (71)and 16C 2011 Mitsubishi Chemical
Mediance Corps
Garciaetal 2014 Fukudaetal 1994  Seum x - - Mdiplec  Mipore - L6, 112, 1L12, IL-18, IL-1a, IL-6, TNF,
(132) ) IFN-, GMCSF, L8, IL-10, FN-a, L4,
cXcL10 LT3, LS, IL-7, CCL2,
ceLs, coLe
Nekamura et al. 2013 Fukudaetal. 1994 Plasma venous sampling 100,300, 500, -80°C Muijex  Miipore Miliplex human muticytokine IL-18, L6, TNF, IL-
(133) ) thvoughout two nights, ~ 800a.m. detection system IL-40, IL-4
twice asleep and once.
‘awake (ndweling
cannula)
Maesetal. 2013 Fukudaetal. 1994 Plasma fasting blood samples  830-11:30am. - EwsA RED, GE Healthcare  Quantikine Human TNF- IL-16, IL-ta, PN
(134 n UK L. Immunoassay; Amersham
Interleukin-1 alpha (h) IL-Ta;
Amersham Interleukin-1 beta ()
IL-1)
Latioetal 2012 Fukudaetal. 1994 Plasma x 11:00am.-3:00 -8 EUSA Quansys Biosciences Q-Plex Human Gytokine Soreen; IL-18, IL-6 TN 110, 1L-2
(135) D) pm. and RED assayed in duplicate with RED
standard
Smyiectal. 2013 Fukudaetal 1994  Plasma blood crawn 3x during - -80°C  ELSA Quansys Biosciences Q-Piex Human Cytokine Screen Males: IL-2, 1L23 Females: IL-1b, IL-Ta,
(136) ) exercise challenge (16-plex) IL-6, TNF, L8, 1L-10,
L2, 12, PN, L4,
IL-13, TNF-B, IL-
IL-23, IL-17, IL-15;
Males: IL-1b, IL-1a,
IL-6, TNF, IL-8,IL-10,
IL-12, N, IL-4,
1L-13, TNF-5, IL-5,
ILA7,1L-15
Broderick etal. 2012 ICD Reeves etal.  Plasma fasting blood samples  Moming -80C  EUSA Quansys Biosciences Q-Plex Human Cytokine Screen IL-8 L2 IL-1b, IL-1a, IL6, TNF,
(130 2006 (231) and (16-plex) IL10, PN, IL-2,
Fuuda et al. 1994 IL12, IFN-<, IL-4,
@) IL-13, TNF-8, IL-5,
ILA7, 115
Maesetal. 2012 Fukudaetal 1994  Plasma fasting blood samples  8:30-11:30a.m. - asA RED, GE Healthcare  Quantkine Human TNF-« IL-18, 1L, TNF
(138) @) UKLd. Immunoassay; Amersham
Interleukin-1 alpha (h) IL-1e);
Amersham Interleukin-1 beta (1)
IL-18)
Nasetal. 2011 (139) Fukudaetal 1994  Senm - - - EusA DPC Immuite 1,000 IMMULITE 10,00 analzers, kits 1L-6 [
) Chemistry Analyzer ot specified
Whiteetal. 2010 Fukudaetal. 1994 Plasma blood samples at - -80°C  Muiplex  Developedat the - L1, 1L-6, TNF, L8,
(140) @) baseline, 0.5, 8, 24, and ARUP Institute for L-10, L2, 112,
48h post exercise Glrical and IFN-c, IL-4, 13
Experimental
Research (Sat Lake
Ciy,un)
Nekamura et al. 2010 Fukudaetal. 1994 Plasma venous sampling 1:00,3:00, 5:00, -80°C  Muiplex  Milipore Beadlyte human mulicytokine IL-18, IL-6, TNF, L8,
(141) ) thoughout thenight ~~ 800am. detection system 2 L0, IL-4
whie asleap (ndweling
cannule)
Nisetal. 2010(142) Fukudaetal. 1994  Plasma blood samples taken - - EsA Amersham Biotrak Easy ELISARPNSO7, 118
) before and 1h after Biosciences Europe  Endogen Human IL-18 ELISAkit
exercise GribH, Pierce
Biotechnology Inc.
Robinson etal. 2010 Fukudaetal. 1994 Plasma blood sampled at rest, at - - EusA B0 Biosdences  OplEIA L6
(143) n point o exhaustion, and
24h post exercise
(indweling cannula): after
ovemight fast
Sculyetal. 2010 Fukudaetal. 1994 Plasma x - ~80°C Muiplex  Meso Scale - IL16, L6, 18 TN, IL-10, IFN-c,
(144) &) Discovery 1L-12p70, 1L-13
Fletcher etal. 2009  Fukudaetal. 1994 Plasma x Morning -80°C  Mutiplex  Quansys Biosciences Q-Plex Human Oytokine-Screen IL-1, IL-1a, IL6,  IL-8, TNF-p, IL-15 TNF, IL-10, 1L-2, IFN-c,
(145) &) (16-plex) 1112, 1L4, 115 IL13, 1L:23, 117
Jammes otd. 2000 Fuudaetal. 1994 Plasma ‘sampling throughout - - EUsA R8D Quentikine HS Human L6 L6, TNF
(146) ) exercise protocol Immunoassay D60S0;
(indweling cannuia) Quantiine HS Human TNF-«
DTACNC
Neteretal. 2008 Fukudaetal. 1994  Plasma fasting blood samples  7:80am. -80°C  EUSA RED Quantikine HS Human IL-6 16
(147) ) taken 30 minutes after Immunoassay
indweling cannuia was
placed
Spenceetal. 2008 Fukudaetal. 1994 Plasmaand  x - -70°C  EUSA Mercodia, Kalon - IL-1B, TNF
(148) D) Soum Bidlogical, RED
Volmer-Conna etal. Fukudaetal. 1994  PBMC, Serum  blood samples teken 1, - -80°C  Muliplex  Bioplex, BioRad - IL-18, 1L-2, IL-6, IL-10,
2007 (149) @) 2,3,6, and 12 months IL-12, TNF, IFN-c
after infection onset
Kennedy etal. 2004 Fukudaetal. 1994  Platsletpoor X same time of day - EUsA RED - TGFH,
(150) @) plasma
Whiteetal. 2004 Fukudaetal 1994  Plasma blood collected 3days  9:80am.~12:30 - EsA RED - TGRp
(151) D) after exercise P
Visseretal. 2001 Fukudaetal 1994 WBC x - -20°C ELSA Pharmingen, R&D,  method from TNFa, IL-10, 112,
(152 (@) Biorad Cheney et . 1989 (153) IFN-c
Cannonetal 1999 Holmesetdl 1988 Plasma colected 24hpost  900am. - ELSArado- R&D - L6
(154) ©0) exercise immunoassay
(L-16)
Buchwald etal. 1997 Fukudaetal. 1994  Serum x - - EsA Genzyme Predicta [
(155) (71) and Holmes Diagnostics
etal. 1968 (80)
Bennettetal. 1997  Holmesetdl. 1988 Serum ‘samples shipped on dry - -20°C  Boassay  RED (L-d-dependent - TGFp
(156) ©0) ice for 1 year before HT2 cel profferation
anaysis bioassay)
MacDondldetal.  Holmesetdl. 1988 Serum x 7:00-10:00am. - EsA cce (158 For TGFp: specialy developed in TGF-5. IL-18, 1L-6, TNF
1996 (157) 80 a covinvestigators lab; others.
not specified
Svaninketal. 1996 Shapeetal 1991  WBC,Sem  x 8:30-11:00am. - EsA RED, Endogen Measured as previously TGF-5, IL-18, IL-ta,
(159) 28) (TGFf) described in Drenth et al. 1995 ™
(160); Quantiine (TGFp)
Petersonetal. 1994 Holmes etdl. 1988 Serum blood collected at rest, - ~70°C ELSA, RED(ELISAand  Measured as previously TG IL-18, L6, TNFa
(161) (®0) immediately after bioassay  IL-d-depondent HT-2 desciibed in Chao et al. 1991
exercise, and 40min ) cell proiferaion (158)
after exercise bioassay)
Patarcactal. 1994 Holmesetal. 1988 Plasma onceamontford  7:30-10:30am. -20C EUSA Endogen,RED,  Intertest-4, Biokine ™ IL1B, L1, 1L, 1L-2,
(162) € months Amersham, Genzyme L4
Uoydetal 1994 RACP,2002(229)  Serum blood was collected pror - -70C  EUSA Sucrosep; Centocor; - IL-18, TNF, FN-a, IFN-c:
(163) to, during, 15min after, Cistron
4,241 post exercise Biotechnology:
(ndweling cannuia) Biokine TNF
Lindeetal. 1992 Holmesetal. 1968  Serum ‘serum collected <7 days - - EusA T-Cell Sciences; - [ IL-18, L6, IFN-c
(164) 80 and 6 months after onset IMMUNOtest
ofmono Neopterin; Delfia;
Medgenix; Quantiine
RED
Chaoetal. 1991 Hoimesetal. 1968  PBMC,Serum  1xaday, 5 consecuive  800-9.00am -2 EUSA, RED (ELISA and - ToFp IL-1B, L6, TNF. IL-2,
(158) 80 (TGFp) days bioassay  IL-4-dependent HT-2 L4
(TGFp) cellprofferation
bioassay)
Strausetal 1989 Hoimesetal. 1988  Serum x - -20C  EUSA Genzyme sent to same laboratory asin IL-18, TNF, N, IL-2,
(165) 80 Cheney et al. 1989 (163). no IFN-c
speciications
Cheneyetal. 1989 Holmesetal. 1968 Serum biobank samples - - EsA Genzyme sent to Specialty Laboratories,  IL-2

(153) 80

LA, no specifcations

The articles compared in the table include the studies reviewed by Blundellet al. (104), as wel as studiies published since then (distinguished by the horizontal double ine in the table). Stringer et a. (166) was not reviewed by Blundel et a.
(104) but is included in the table. The newer stuciies were found by searching ‘myalgic encephalomyelis,” “chronic fatigue syndrome,” or “myalgic encephalomyelis/chronic fatigue syndrome” with “cytokine.” Studies were selected
if they included an ME/CFS group and used a cytokine assay. Though not a systematic lterature review, the studies in the table serve to show the variance in methodology (from sample collection and storage to assay selection) and

reported results across cytokine studies. -, not specified/reported; x, no specifications of note for sample collection;

Royal Australasian College of Physicians; SEID, Systemic Exertion Intolerance disease.

CCC, Canadian Consensus Criteria; ICC, International Consensus Criteria;

ICD, International Case Definition; RACR
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Disease Severity*

Severity score for
clusters of
symptoms**

Disease onset

Characteristic

Age, inyears
Sex, female

Disease duration
(vears)

Fatigue severity scale
Fatigue analog scale
Pain analog scale

PCS

vcs

Post-exertional Malaise
Pain
Neurological/cognitive
symptoms

Autonormic
Neuroendocrine

Sleep dysfunction
Immune

Suddenly

Over time

Not sure

Median(QR)
N(%)
Median(QR)

Median(QR)
Median(QR)
Median(QR)
Median(QR)
Median(QR)
Median(QR)
Median(QR)
Median(QR)

Median(QR)
Median(QR)
Median(QR)
Median(QR)
N(%)
N(%)
N(%)

Cases

CDC94+CCC+IOM Mild/ moderately

N =232(38) affected”
N =177(76)
48(38,56) 48 (40,57)
155 (76) 114 (76)
12(6, 18) 105, 17)
6.7(637.0) 67(627.0)
73(6282) 69(6.1,7.8)
58(3272) 58(3.1,7.1)
26(20,33) 28 (24,36)
41(33.49) 40(32,46)
67 (63,67) 67 (63,67)
47 27,67) 53(27.,67)
50 (33,67) 43 (31,60)
40(23,57) 37 (22,50)
47 (33,67) 47 27,60)
83(67,100) 67 (67,100)
33(22,50) 33(22,50)
91 (46) 60 (42)
80 (41) 63 (44)
25(13) 20(14)

Severely
Affected}
N=55(24)

50 (37,55)
41 (76)
16(9,22)

67 (6:369)
7.6(6.68.3)
59(327.4)
20(16,22)
46 (38,51)
80(73,80)
47 (27,80)
62 (50,83)

52(40,77)
60 (47.80)
100 (67,100)
33 (22,56)
31(58)
17 82)
50)

Controls
HC MS N =90
N = 153(25) (15)
47 (35,56) 55 (48,60)
84(62) 59(78)

- 128, 20)
201628 574164
110221 623672
050012  28(0762)

58 (56,60) 38(20,48)

55 (49,58) 48 (39,55)
00(0000  27(1359)
35(0.0,10) 20 (7,40)
000050  86(21,62)
000030  19(1032)
00(0000  83(2059)
00(0.0,39) 50 (25,67)
000060  60(0011)

- 30(39)

- 3141)

- 15 (20)

GDC94: Centres for Disease Control-1994; CCC: Canadian Consensus Criteria; IOM: Institute of Medicine; HC: healthy controls; MS: Multiple Sclerosis; PCS: Summary Physical
Component Score from SF-36; MCS: Summary Mental Component Score from SF-36v2™. *For Fatigue Severity and Analog Sceles and Pain Analog Scales; values vary from 0 to
10, where 10 indicates maximum severity. Normalized Physical and Mental Component summaries are presented; higher vaiues represent better heath status/qualty of Ife.*Severity
of symptoms within the cluster; values range from 0 (no symptom) to 100 (most severe symptoms). " Mi/moderately affected defined as participants who are ambulatory. ¥Severely
affected defined as participants who are house- or bed-bound.
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Study procedures. Metabolites (reference) Specific notes

Study Criteria used Method Brain region Increased Decreased No change Notes
Natelson et al. Fukuda et al. 3T Slice Ventricles Lactate Significant between
2017 (70) 1994 (71) (280ms) ME/CFS and control

groups (not among FM
only, ME/CFS only, or

FM/ME/CFS groups)
Van der Schaaf Fukuda et al. 3T Single Dorsolateral prefrontal cortex, NAA (creatine ref)
etal. 2017 (72) 1994 (71) voxel primary visual cortex (V1)
(3.03ms)
Shungu et al. Fukuda et al. 3T Single Occipital cortex, ventricles Lactate Glutathione Significant between
2012 (73) 1994 (71) voxel ME/CFS and control
(280ms) groups (not versus
MDD)
Murrough et al. Fukuda et al. 3T Single Anterior cingulate cortex, Lactate GABA, Significant between
2010 (74) 1994 (71) voxel, ocaipital cortex (single voxel); glutamate/glutamine ME/CFS and control
Slice ventricles (slice) groups (not versus
(280ms) MDD)
Puri et al. 2009 Fukuda et al. 3T Single Cerebral cortex Glutathione Criteria listed as
(75) 1994 (71) voxel “Revised CDC Criteria”
(144ms)
Mathew et al. Fukuda et al. 3T Slice Corpus callosum, ventricles Lactate Choline, creatine,
2008 (76) 1994 (71) (280ms) NAA
Chaudhur et al. Fukuda et al. 1.5T Left basal ganglia Choline NAA
2003 (77) 1994 (71) Single (creatine ref) (total
voxel choline
(1500/135 ms) ref)
Puri et al. 2002 Fukuda et al. 15T Left motor cortex, occipital Choline Creatine, NAA Choline only significant
(78) 1994 (71) Single cortex (creatine ref) in occipital cortex
voxel
(135 ms)
Brooks et al. 2000 Holmes et al. 15T Right hippocampus Choline, Myo-Inositol resuits not
79 1988 (30) Slice (30, creatine, reported; Choline and
72, NAA creatine trend-level
144ms) (total decrease only
creatine
ref)
Tomoda etal. Holmes et al. 15T Frontal white matter Choline (total NAA (total creatine
2000 (81) 1988 (80) Single creatine ref) and total choline
voxel refs)
(500/11ms,
4000/100ms)

Summary of methods and results in the ME/CFS MRS literature. Method column lists MR scanner magnet strength and MRS acquisition details (single voxel or slce; echo time). Brain region column indiicates regions of interest; with
the exception of lactate which is only measured in ventricles, all metabolite changes occurred in all listed regions (unless otherwise noted). Metabolites columns list changes refative to controls, with reference metabolitefs) noted in
parentheses. FM, fibromyalgia; MDD, major depressive disorder; NAA, N-acetylacetate.
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‘Sample handling and processing Assays Assay results
Study Diagnostic Sample Collection Time of Storage  Method  Manufacturer Kits Increase Decrease No difference
criteria matrix collection
Lym etal. 2018 (109) Fukudaetal. 1994 Plasma samples taken at 30rmin  10:00am.~1200 ~80°C  Muiplec  BDBioscences  Human CBAK? L6, TN 1P-10, L-12/23p40
@) intervals on two. pm. (response tolow
‘consecutive days dose dex, LPS)
Richardsonetal.  Camthersetal.  Serum non-fasting blood - - Boh BD Biosciences;  Human CBA it 560484 serum actiin B L2, IL4, 1L, IL-10,
2018(110) 2003 223) ‘samples collected after acthin ELSA TNE IFN y, ILA7A,
20-min standing test suppiied by Oxford activinA
Brookes University
Okaetal. 2018 (111) Fukudaetal. 1994  Serum and after 8 weeks of 200400 pm. -80°C  ELISA Fujiebio, R&D, pbl  IL-6 CLEIA cartidge; Quantkine TNFa IL6; PN, IFN-y:
(71), Camthers et plasma (TGF-1, _intervention, blood assay science, high-sensitvity ELISA human TGF-1, BONF
2011(225),and  BONF) sampling before and BioSource Ewope  TNF-a immunoassay; Verikine
SEID, 2015 (230) after the last session SA:R®D Human Interferon Alpha
Mult-Subtype Serum ELISA kit;
MEDGENKX human IFNy EASIA
Kit; Quantidne; Quantkine
ELISA human TGF-§1 kit, BONF
Kit
Moneghettietal.  Fukudaetal. 1994 Serum fasting blood sample  moming -80°C  Mutiplex  Afiymetrix 51-Plex Luminex bead kit oxeL 10 IL'8,CXCL10,COL4,  IL-ta, IL-18, IL-1RA,
2018(112) (71) and Garnuthers TNF-B, ICAM-1 ,IL-4, 1L, L6,
etal. 2011 (225) for 1L, IL-10,
PEM L12p40, 1L12p70,
IL43, IL-15, IL-17,
ILATF, L-18, LF
Miradetal 2018 Fuudaetal. 1994  Plasma - 11:00am.-3:00 ~80°C  Mulec  Quansys(RSD)  Qrplex Human cytokine screen  IL-2,IL-6, TNF-a
(115) 2 pm.
Wyleretal. 2017 Fukudaetal. 1904  Plasma fasting blood sample, no 7:30-9:30a.m. -80°C  Mutiplex  Bio-Rad Laboratories Bio-Plex Human TGF-§ 3-Plex TGF-81, TGF-52,
(113 (74)and Camthers tobacco TGF8
otal. 2008 (223)
Roerinketal. 2017 Fukudaetal. 1994 Plasma before and after 4 weeks. - ~80°C  Muliplex Ok Proteomics AB; Proseek Muliplex Inflammation  Posiively Negatively associated  IFN-y, IL-1a. IL-2, IL-4,
(114 (71)and Camuthers of reatment RED panel; TGF-B duo-set DY240  associatedwith  withrisk of beingan  IL17A, TNF, MCP-3,
etal. 2008 (223) diskofbeingan  ME/CFS patient; CXCLS, IL-17c, TSLP, PD-L1,
ME/CFS patient:  CXCL10, GXCLO, 1L:24,1L-13, 120,
COL4, 1L12B,  COL28, CCL26, COL20, L33, LIF, IL-§
‘CCL11, FGF5, L6, CCL19, TRAIL, TNFp,
CCL23, OX3CL,  FGF23
1L10, CXCLS
Montoyaetal. 2017 Fukudaetal. 1994 Serum - 830am-330pm.  -80°C  Mutiplex  Afymetrix 51-muliplex array TGF-4;IL48in  resistin; signiicant 34 others from
(116) ) severegroup  nonlnear inverted trend: - 51-multiplex array
(when stratfied by ICAM1, resitin
severity: significant
upward inear trend
across severity:
GCL11, GXCL1,
XCLIO, G-CSF,
GM-CSF, FN-y,
L4, L5, L7,
IL-12p70, IL-13,
ILATF, leptin, LIF,
NG, SCF, TGF-a
Nagy-Szakaletal.  Fukudaetal. 1994  Plasma - - ~80°C Mutplex  Afymetix Customized Procarta ILte, IL1B, IL1RA, IL18,
2017 (117) (71) and Camuthers. immunoassay (61-plex) 12,14, 17,19, L13,
etal. 2008 (223) IL15, L5, IL6, LIF, 31,
1L10, 21, 122,
1L12p40, L12p70, 123,
IL27, IL17A, IL17F,
IFNa2, IFNB, IFNy,
TNFa (TNFSF2), TNFB
(INFSF1), sFasL
(TNFSF6), TRAIL
(INFSF10), CCL2
(MCP1), CCL3 (MIP1a),
CCL4 MP1b), CCLS
(RANTES), CCL7
(MCPG), COL11
(eotaxin), OXCL1
(GROa), CXCLS (L8).
‘CXCLO MIG), CXCL10
(P10}, CXCL12a
(SDFia), PDGFEB,
VEGFA, VEGFD,
SICAM (CDS4),
VCAM1 (CD108), serpin
E1 (PAI) leptin,
resistin, TGFa, TGF,
FGFp, pNGF, HGF, SCF,
MOSF (CSF1),
GMCSF(CSF2), GCSF
(CSF3), PIGF, EGF,
BONF
Homigetal. 2017  Fuidaetal. 1994  CSF CSF samples from - ~80°C Mulex  Afymeliix Customized Procarta FGFbin Classical:  IL14,IL6, L7, 1L13,  IL1ra, IL1a, L2, 14,
(118) (71)and for biobank immunoassay (51-plex) ME/CFS-short  IL7A, IFNa2, IFNy,  GXCL8 (L8), IL10,
Carnuthers et al. ‘duration compared TNFa, TRAL (TNFSF10), IL12p40, IL12p70, IL15,
2003 (223) to Atypica- CCL2, CCL7, CXCLS,  IL17F, TNF, CDAOL,
ME/CFS-short  GXCL9, GSF3(GCSF),  sFasL, COL3 MIP1a),
duration; SCFin NG, resistin, serpin E1 COL4 (MP1B), COLS.
Aypical ME/CFS  (PA') in (RANTES), CCL11
comparedto Atypical ME/GFS-short  (ectaxin), OXGLY
Classical-ME/GFS  duration comparedto  (GROa), CXCL1O (P10,
inespective o Classical-ME/CFS-short  TGFa, TGFg, CSF1
ilness duration  duration; IL7,1L17,  (MCSF), GSF2
CXCLO, serpnE1in  (GMCSF), POGFBS,
Atypical-ME/CFS-short  HGF, VEGFA, LIF leptn,
duration compared o sICAM (CD54),
Classical-ME/CFS-long  VCAM1 (CD106)
on; IL5, IL13, IL17,
CXCL9,in
Atypical-ME/GFS-ong
duration compared to
Classical-ME/CFS-short
duraton; IL6, IL17 in
Atypical-ME/CFS-long
duration compared to
Classical-ME/CFS-iong
duration
Heneviketal 2017  Fuudaetal. 1994 PBMC fasting blood samples  800-0:00a.m. -80°C Muiplex  Bio-Rad Laboratories Bioplex assays, kits not SCD40L in IFN-y, TNF-g, IL-18,
(119 @) speciied Giardia-exposed L2, IL-4, 1L, -9,
vs. unexposed IL10, IL-13, IL-17A,
ME/CFS subjects, IL-22, MP-1a, MP-18,
andin post- TGFB1, TGFS2, TGRS,
infective-ME/CFS GM-CSF
V.m0
postinfective
fatigue grovp
Lidbuyetal. 2017 Camthersetal.  Serum non-fasting samplos - - Both 8D Bosciences;  Human CBA kit 560484 Actiin 8 L2, L4, IL6, 110,
(120) 2003 (223) collected after 20-min acthin kit supplied by IL-17A, TNF, PN,
standing tost Oxford Brookes activin A, folistatin
University
Miradetal. 2017 Fukudaetal. 1994  Plasma x 11:00am.-3:00 -80°C  ELSA Quansys Biosciences Q-plex Human cytokine screen  IL-18, IL-6, TNF-a
(121) @) p.m. within CFS patients.
associated with
poor sleep qualty
in ME/CFS.
Lundestal. 2016 Fukudastal. 1994  Serum and x - -80°C  EUSA RED; InvitrogeniLife  BAFF and APRIL Kis BAFFin APRIL
(122) (71) and Garuthers  plasma technologies intervention group
otal. 2008 (229) relative to baseline
Huth etal. 2016 (129) Fukudaetal. 1994 PBMC x 7:30-10:00am. - Neither BDBiosciences;  intracelkar staining of IFN-y, TNF-ocand
@) Bidlegond stimulated and unstimulated GM-CSF increased in
PBMC cultures culture after challenge,
butno diference
between groups.
Russelletal. 2016 Jasonetal. 2006 Plasma fasting blood sample  moming -80C  ELSA Quansys Biosciences Q-plex Human cytokine screen  IL-4, IL-5,IL-12,  IL8, I-ISMECFS  IL-ta, IL-1, -2, IL-6,
(124) (226) and Fukuda (16-plex) TainME/CFS  patents relative to IL10, 13, 117,
etal. 1994 (71) and patients reative to _healthy controls; IL-23n IFNy, TNFac
ico healthy controls;  ME/CFS adolescents
L8 in ME/CFS
adolescents
Landietal. 2016 Fukudaetal. 1994 Plasma ‘samples from Solve - -80°C  ELISA Meso Scale MSD Hurman V-PLEX Plus Kits:  CCL24 unvariate  IL-16, IL-7, VEGF-A,  IL-17A, TNFg, CCL1S,
(125) (71)and Camuthers. ME/CFS BioBark Discovery Chemokine Panel analysis CXCLO, CX3CL1 COL1H, IL-1p, TNF,
etal. 2008 (223) 1, Oytokine Panel 1, and univariate analysis; I-16, COL3, CCL17, COL2,
Pro-infiammatory Panel 1; IL-7, VEGF-Aby IFN-g, IL-15, CCL26,
Human Eotexin-2 Kt a muliverate dluster  1L-6, L-12/23p40,
custom-designed 3-Plex kit, a analysis CCL22, L5, CCL13,
custom-designed 1-Plex kit IL-1a, COLA, GM-CSF,
140, IL-4, 1L-13, 1L-2,
GXCLIO, IL-12p70,
IL-8, B2M
Hardcasteetal.  Fukudaetal. 1994 Serum non-fasting blood 8:30-11:30am. - Muiplex  BioRad BioPlex Pro human oytokine  IL-1 inmoderate  IL:6 in moderate ILetra, 112, L4, L5,
2015 (126) ) sample comparedto  comparedtosevere  IL:6, IL:9, IL-10,
severe ME/CFS;  ME/GFS andhealthy  IL-12p70, IL-13, IL-17,
L7, IL-8, RANTES  controls, FGF. eotaxin, G-CSF.
in moderate GM-CSF, IP-10,
compared to PDGF-8B, TNF-a and
severe ME/CFS VEGF
and healthy
controls; IFN-y in
severe compared
to moderate
ME/CFS
Petersonetal. 2015 Fukudaetal. 1994 CSF ‘CSF samples via lumbar - -80°C  Muliplex  BioRad BioPlex Pro human cytokine 110 ILtre, L2, 16, L7,
(12) @) puncture L8, IL-9, IL-12p70,
1L, IL-15, 17,
basic FGF, eotaxin,
G-CSF, GM-CSF, IFN-y,
1P-10, MCP-1
RANTES, TNF-a, and
POGF-88
Khaboulinaetal.  Fukudaetal. 1994 Serum x - -80°C  Mutiplex  Bio-Rad Laboratories Bio-Plex Human Oytokine  CCL1,COL2, L1, CCL17, CCL19, COCL13, COL22,
2015 (126) (71)orlcC 2011 27-Plex Panel COL20,CCL3,  COL21, CCL25, COL26, COL23, COL24,
OXCL10, PN, COL3,CCL4, COLS,  COL27, COLT,
IL1, 110, L13,  COLB, CSF1,CSF3,  CXCL11, CXCL12a,
IL-48, IL25, IL-31,  CX3CL1, OXCL1, GXGL12ab, CXCL13,
14, 16,17, CXCL13, CXCLS, CXCL16, OXCL2,
IL12(575), TNF  CXCLB, HGF, IL-17F, ILS, CXCLS, CXCL9, FGF,
IL9, UF, M, DG, GMCSF, IFN-u, IL-12
TRALL, VEGF (040, 115, IL-16,
IL17A, L-18, IL-1RA,
IL-fa, L-1b, L2, 121,
1L-22,1L-23, L3, IL-33,
L6, IL2RA, LIF
SCD40L, SCF, SOGF-b,
TNF-B, b-NGF
Wyllretal. 2015 Fukudaetal 1994  Phsma fasting bood samples  7:30-9:30am. ~80°C Mutiplex  Bio-Rad Laboratories. Bio-Plex Human Oytokine IL-18, IL-RA, 1L-2,
(129 @n 27-Plex Panel 1L-4, L5, IL6, IL-7.
IL8, IL-9, IL-10, 12,
IL-13, IL-17, IFN-c,
CCL2, COL3, CCL4,
CCLS, OXCL1O,
PDGF-88, VEGF, FGF,
™
Homigetal. 2015 Fukudaetal. 1994 Plasma - 1000a.m.~2:00 -80°C  ELSA Affymetrix customized Procarta Leptin 146, L8, L-10, LTa,  TGF-5, IL-16, LL-ta,
(130) (71)and Carmuthers pan. immunoassay IL17A, sFasL, CXCLIO,  TNF, IFN-a, L2, 1L-12,
etal. 2008 (223) MCSF, IFNG, IL4, IL-13, IL-5,
IL-18, 17, 1L-13, 19,
‘GMCSF, LIF, OD40L,
TRAIL, CCL2, CCL3,
CCL4, COLS, COLT.
CCL1, CXCL1,
CXCLS, CXCLY,
PDGF-B8, VEGFA,
SICAM-1, VCAM-1,
TGF-a, FGFb, bNGF,
HGF, SCF, GCSF
Neuetal. 2014 (131) Fukudaetal. 1994  Serum samples collected ater early morning -20C  Muiplex  BDBiosciences  CBAHuman flex-set Kt 118, TNF. LS, 1L6, IFNe
&) 2nd right of IL-10
polysomnography
(ndweling cannula)
Nakatomietal. 2014 Fukudaetal 1904  Seum - - -80°C - anayzedbythe - IL-18, IL-6, TNF, IFN-c
) (71)and 16G 2011 Mitsubishi Chemical
Mediance Corps
Garciaetal 2014  Fukudaetal 1994  Serum x - - Muliplex  Milfpore - 116, -2, L12, IL-18, IL-1a, IL-6, TNF,
(132) &) IFN-c, GMCSF, L8, IL-10, FN-a, L4,
cxcL1o LT3, LS, IL-7, CCL2,
coLs, coLe
Nakamuraetal. 2013 Fukudaetal. 1994 Plasma venous sampling 100,300,500, ~80°C Ml Mipore Miliplex human muticytokine IL-18, IL-6, TNF, IL-8,
(133) @) thvoughout two nights, ~ 8:00a.m. detection system IL-10, IL-4
twice asleep and once
‘awiake (ndweling
cannuiz)
Maesetal. 2013 Fukudaetal. 1994  Plasma fasting blood samples  8:30-11:30am. - EusA RED, GE Healthcare  Quantikine Human TNF-« 116, IL-ta, PN
(134) n UK L. Immunoassay; Amersham
Interleukin-1 alpha () IL-fa;
Amersham Interleukin-1 beta (1)
L8]
Latliectal. 2012 Fukudaetal. 1994 Plasma x 11:00am.-3:00 -80°C  EUSA Quansys Biosciences Q-Plex Human Cytokine Sareen; IL-18, IL-6 TN IL-10,1L-2
(135) ) pm. and RED assayed in duplicate with R8D
standard
Smyfieetal 2013 Fuudaetal. 1994 Plasma blood crawn 3x during - -80°C  ELSA Quansys Biosciences Q-Piex Human Cytokine Screen Males: IL-2, 1L23 Females: IL-1b, IL-ta,
(136) @) exercise challenge (16-plex) L6, TNF, L8, 1L-10,
L2, 42, N, L4,
IL-13, TNF-8, L
IL-23, IL-17, IL-15;
Males: IL-1b, IL-1a,
IL-6, TNF, L8, IL-10,
IL-12, N, IL-4,
IL-13, TNF-5, IL-5,
ILA7,1L-15.
Broderick etal. 2012 ICD Reoves etal.  Plasma fasting blood samples  Moming -80C  EUSA Quansys Biosciences Q-Plex Human Gytokine Sorcen IL-8 28 IL-Ab, IL-1a, L6, TNF,
(137 2005 (231) and (16-plex) IL-10, PN, IL-2,
Fukuda et al. 1994 IL-12, IFN-<, IL-4,
@) IL-13, TNF-5, IL-5,
IL17,1L-15
Maesetal. 2012 Fukudaetal. 1994  Paasma fasting blood samples  8:30-11:30am. - asA RED, GE Healthcare  Quantikine Human TNF-« 118, 1L, TNF
(138) @) UKL, Immunoassay; Amersham
Interloulén-1 alpha () IL-Tal;
Amersham Intereukin-1 beta ()
IL-18)
Nasetal. 2011 (139) Fukudaetal. 1994 Serum - - - A DPG Immuite 1,000 IMMULITE 10,00 andlyzers, kits IL-6 L8
@) Chermistry Analyzer  not specified
Whiteetal 2010 Fukudaetal. 1994 Plasma blood samples at - -80°C  Muliplex  Developedat the - IL-18, 1L-6, TNF, L-8,
(140) ) baseline, 0.5,8, 24, and ARUP Insitute for L0, IL-2, L-12,
48h post exercise Ciiical and N, 14, 118
Experimental
Roscarch (Salt Lake
Ciy,UT)
Nekamura et al. 2010 Fukudaetal. 1994 Plasma venous samping 100,300, 5:00, -80°C  Mutiplex  Milipore Beadiyto human muticytokine IL-18, IL-6, TNF, IL-8,
(141) @) thoughoutthenight ~~ 800a.m. detection system 2 1140, IL-4
whie asleep (ndweling
cannula)
Nisetal. 2010(142) Fuudaetal. 1994  Plasma blood samples taken - - EsA Amersham Biotak Easy ELISARPNSO71), 18
@) before and 1h after Biosciences Europe  Endogen Human IL-18 ELISAKit
exercise GribH, Pierce
Robinson etal. 2010 Fukudaetal. 1994 Pasma blood sampled at rest, at - - asA BDBosciences  OptEA L6
(143) @) point of exhaustion, and
24h post exercise
(indvieling cannui; after
overight fest
Saulyetal 2010 Fukudaetal. 1994 Plasma x - -80°C  Muiplex  Meso Scale - 118,16, 1L-8 TN IL-40, IFN-c,
(144) &) Discovery 1L-12570, 113
Fletcher etal. 2009  Fukudaetal. 1994 Plasma X Morning -80°C  Mutplex  Quansys Biosciences Q-Piex Human Cytokine-Screen IL-1p, -1, L6, IL-8, TNF-p, IL-15. TNF, IL-10, 1L-2, IFN-c,
(145) @) (16-plex) 112, 14,16 IL-13,1L-23, IL-17
Jammes etdl. 2000 Fukudaetal. 1994 Plasma sampiing throughout - - s RED Quantikine HS Human L6 L6, TNF
(146) @) exercise protocol Immunoassay DGOS0;
(ndweling cannula) Quantikine HS Human TNF-a
DTAG
Nateretal. 2008 Fukudaetal. 1994 Plasma fasting blood samples  7:30a.m. -80°C  ELSA RED Quantikine HS Human L6 3
(147 @) taken 30 minutes after Immunoassay
indweling cannula was
placed
Spenceetal. 2008  Fukudaetal. 1994 Pasmaand X - -70C  EUSA Mercodia, Kaion - L1, TNF
(148) ) Senm Biological, RED
Volmer-Conna etal. Fukudaetal. 1994  PBMC, Serum  blood samples taken 1, - -80°C  Muliplex  Bioplex, BioRad - IL-48, 1L-2, L6, 1L-10,
2007 (149) @) 2,3,6, and 12 months IL-12, TNF, IFN-c
afterinfecton onset
Kennedy etal. 2004 Fukudactal. 1994  Platletpoor ‘same time of day. - EusA RSD - ToF-p
(150) @) plasma.
Whitoetal. 2004 Fukudaotal. 1994  Plasma blood collocted 3 days 9:30a.m.~12:30 - ELISA RED - TGF§.
(151) @) atter exercise p.m
Visoretal 2001 Fukudaetal 1994 WBC x - ~20C EUSA Phamingen, R&D,  method from TNFa, 10, 112,
(152) (71) Bioradt Gheney et al. 1989 (15) 1PN
Cannonetal. 1999 Holmes etal. 1968 Plasma colected24hpost  900a.m. - EUSA rado- R8D - L6
(154) (©0) exercise immuncassay
(L-18)
Buchwaldetal. 1997 Fukudaetal. 1994 Serum x - - EusA Genzyme Predicta L6
(155) (71)and Holmes Diagnostics
etal. 1988 (80)
Bonnettetal. 1997  Holmes etal. 1988 Serum ‘samples shipped on iy - -20°C  Boassay  RAD (IL-4-dependent - TGF-§.
(156) (@0 ice for 1 year before HT-2 cell profferation
analysis bioassay)
MacDonaldetal.  Hoimesetal. 1988  Seum x 700-1000am, - ELISA cco (158 For TGFp: specialy developed TGF-,IL-18, IL-6, TNF
1996 (157) (©0) a co-investigators lab; others,
not specied
Swaninketal. 1996 Shameetal 1991  WBC,Serum X 830-11:00am. - ELISA RED, Endogen Measured as previously TGF-f, IL-18, IL-ta,
(159) (228) (TGFg) described in Drenth et al. 1995 ™
60): Quantikine (TGF)
Petersonetal. 1994 Holmes etal. 1988 Serum blood colected at rest, - ~70°C  ELISA, RED(ELISAand  Measured as previously TG IL-18, 1L-6, TNFa
(161) (©0) immediately ater boassay  IL-4-dependent HT-2 described in Chao etal. 1991
exercise, and 40min (TGFR) cell profferation (158)
after exercise bioassay)
Patarcactal. 1994 Homesetal. 1968 Plasma onceamonthfor3  7:30-10:30am. ~20°C EUSA Endogen, RED,  ntertest-4, Bickine ™ IL1B, L1, 16, 12,
(162) (©0) months. Amersham, Genzyme )
Uoydeta. 1994 RACR 2002(229)  Sem blood was colected prior - -70°C EUSA - IL-1, TN, IFN-a, IFN-G.
(163) to, during, 15min after,
4,24h post exercise
(idweling cannulz)
Uindeetd. 1992 Holmesetal 1968  Serum serum collected <7 days - - EUSA TCell Sciences; - = L1, IL-6, IFN-c
(164) (©) and 6 months after onset IMMUNOtest
of mono Neopterin; Delfia;
Medgenix; Cuantkine
RED
Chaoetal. 1991 Holmesetal 1988  PBMC,Seum  f1xaday,§ consecuive 8:00-9.00am EUSA, RED ELISAand - ToRp IL-1, IL-6, TNF IL-2,
(158) (©0) () days bioassay  IL-4-dependent HT-2 14
(TGFp) cell profferation
bioassay)
Stausetal 1989 Holmesetal 1988  Serum x - -20°C EUSA Genzyme sent to same laboratory asin IL-1, TNF, PN, IL-2,
(165) ©0) Cheney etal. 1989 (153). no IFN-c
specifications
Cheneyetal. 1989 Holmesetal. 1968 Serum biobank samples - - EUSA Genzyme sent to Specialty Laboratories,  IL-2
(153) (©0) LA, no specifications

The articles comparedin the table include the studies reviewed by Blundell et al. (104), as wellas studies published since then (distinguished by the horizontal double line in the table). Stringer etal. (166) was not reviewed by Blundel et al.
(104) but is included in the table. The newer studies were found by searching ‘myalgic encephalomyelits,” “chronic fetigue syndrome,” or ‘myelgic encephalomyeltis/chronic fatigue syndrome” with “cytokine.” Studies were selected
if they included an ME/CFS group and used a cytokine assay. Though not a systematic literature review, the studies in the table serve to show the variance in methodology (from sample collection and storage to assay selection) and
reported results across cytokine studies. -, not specified/reported; x, no specilications of note for sample collection; CCC, Canadian Consensus Criteria; ICC, Intemational Consensus Criteria; ICD, International Case Definition; RACR
Royal Australasian College of Physicians; SEID, Systemic Exertion Intolerance disease.
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Variables All visits ME/CFS visits Non-ME/CFS visits P-value?

Unweighted no. of visits 748,464 130 748,334
Weighted no. of visits 9,061,664,246 2,911,161 9,058,753,085
Vital sign
Body Mass Index (EM\)’ , mean (SD) 29.13(7.18) 27.42 (4.60) 29.13(7.18) 0274
Body Mass Index (BMI)', median (range) 28.19(8.14-98.91) 28.25 (19.66-51.58) 28.19 (8.14-98.91)
Blood Pressure (systolic)2, mean (SD) 12822 (19.52) 126.38 (11.96) 128.22 (19.52) 0607
Blood Pressure (systolic)2, median (range) 129 (0-290) 121.5 (89-180) 129 (0-290)
Blood Pressure (diastolic)2, mean (SD) 76.16 (11.97) 75.72 (6.97) 76.16 (11.97) 0803
Blood Pressure (diastolic)2, median (range) 76 (0-190) 76 (37-109) 76 (0-190)
Current tobacco user® (%) 1151% 12.77% 11.51% 0811
Continuity of care
Established patient® (%) 87.04% 87.17% 87.04% 0981
#of visits5, mean (SD) 4.35(6.29) 5.60 (3.80) 4.35(6.29) 0202
#0f visits®, median (range) 2(0-99) 4(0-21) 2(0-99)
Prior-visit status® 0.144
None. 8:64% 3.60% 8:64%
1-2 visits 34.36% 29.53% 34.37%
3-5 visits 24.43% 17.04% 24.43%
6 or more visits 32.57% 49.83% 32.57%
New patient* 0.306
Referred for this visit (%) 17.01% 10.08% 17.02%
Not referred for this visit (%) 33.34% 44.86% 33.34%
Unknown if referred (%) 49.65% 45.06% 49.65%
Major reason for this visit4 0.007
Chronic problem, routine 3521% 60.85% 35.21%
New problem 32.17% 14.86% 32.18%
Chronic problem, flare up 9.08% 11.47% 9.08%
Preventive care 16.15% 956% 16.15%
Pre-/Post-surgery 7.39% 326% 7.39%
Providers at this visit
Physician 9421% 91.14% 94.21% 0570
Physician assistant 3.94% 262% 3.94% 0434
Nurse practitioner/Midwife 2.10% 0.00% 2.10% 0.000
RN/LPN 34.09% 29.79% 34.00% 0537
Other 2357% 32.09% 23.57% 0284
Mental health provider’ 0.55% 0.00% 055% 0002

Visit dispositiond
Refer to other physician 8.06% 9.89% 8.06% 0698

1. 05-09 NAMCS/OPD; 2. 03-09 NAMCS/OPD/ED; 3. 01-09 NAMCS/OPD; 4. 00-09 NAMCS/OPD; 5. 01-09 NAMCE/OPD and 07-09 ED; 6. 07-09 NAMCS/OPD/ED; 7.
07-09 NAMCS/OPD.
ap-values based on adjusted Wald tests with Ho, Varli me/crs = Varls non-me/crs: Column percentages were listed in the table.
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Variables All visits ME/CFS visits Non-ME/CFS visits P-value?
Unweighted no. of visits 748,464 130 748,334
Weighted no. of visits 9,061,664,246 2,911,161 9,058,763,085

Practice setting (%)
Office based (NAMCS)
Outpatient department (NHAMCS-OPD)
Emergency department (NHAMCS-ED)
Physician Specialty? (%)
General and family practice
Internal medicine
Obstetrics and gynecology
Psychiatry
Neurology
Al other
Clinical Type? (%)
General medicine
Surgery
Pediatric
Obstetrics and Gynecology
Substance abuse
Other

EHR use® (%)
Age, mean (SD)
Age, median (range)
Age Group (%)
181029
301039
40t0 49
501059
600 69
70 or older
Sex (%)
Female
Race (%)
White
Black
Other
Metropolitan status: (MSA) (%)
Geographic region (%)
Northeast
Midwest
South
West
Health insurance (%)
Private
Medicare
Medicaid
Other

7,491,099,961 (82.67%)
690,679,940 (7.62%)
879,884,345 (9.71%)

24.97%
18.82%
9.33%
3.15%
1.56%
42.18%

65.75%
13.48%
1.06%
10.45%
092%
834%

(n: 6,075,856,067)
35.91%
52,65 (18.89)
47 (18-100)

13.81%
13.90%
17.02%
17.81%
15.06%
22.40%

61.35%

83.87%
11.81%
4.32%
85.79%

20.56%
22.43%
36.66%
20.34%

49.94%
27.04%
8.07%
14.94%

2,723,988 (93.57%)

119,850 (4.12%)
67,323 (2.31%)

35.86%
16.26%
2.06%
4.72%
2.96%

38.13%

72.38%
16.08%
0.00%
0.13%
0.00%
11.46%
:1,673,624)
42.95%
4856 (11.60)
47.5(20-89)

£

15.22%
11.46%
31.44%
17.32%
12.01%
12.56%

66.07%

86.95%
9.21%
3.84%

92.04%

15.99%
19.88%
32.54%
31.59%

59.62%
24.65%
2.99%
12.74%

7,488,375,973 (82.66%)
690,560,090 (7.62%)
879,817,022 9.71%)

24.97%
18.82%
9.33%
3.15%
1.56%
42.18%

65.75%
13.48%
1.06%
10.45%
0.92%
8.34%

(n: 6,074,182,443)
35.91%
52.66 (18.89)
47 (18-100)

13.81%
13.90%
17.02%
17.81%
16.06%
22.40%

61.35%

83.87%
11.81%
4.32%
86.79%

20.56%
22.43%
36.67%
20.34%

49.94%
27.04%
8.08%
14.94%

0.382

0.001

0.462
0.077

0.440

0.528

0.800

0.140
0.499

0.077

. NAMCS only; 2. OPD only; 3. 03-09 NAMCS and 05-09 OPD/ED.
2p-values based on adjusted Wald tests with Ho, Varli mejcrs = Varl non-me/crs: Column percentages were listed in the table.
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These co-morbidities have been associated with ME/CFS or occur more
commonly in Persons with Chronic Fatigue Syndrome (PWCs) than the general
population:

Fibromyalgia

Myofascial Pain Syndrome

Irftable Bowel Syndrome

Overactive bladder or Interstitial Cystitis

Postural Orthostatic Tachycardia Syndrome

Neurally Mediated Hypotension

Meast Cell Activation Syndrome

Hypogonadism and premature menopause

Sleep disorders (sleep apnea, myoclonus / PLMS, non-restorative sieep)
Restless Leg Syndrome / Periodic Leg Movement syndrome

Muliple Chemical Sensitivities

Hypersensitvities to light, sound, smell, touch, chemicals or odors
Sacroliac joint tenderness.

Hypoglycemia

Mitral valve prolapse

Premenstrual Syndrome or Premenstural Dysphoric Disorder

Allergies

Vasomotor (autonomic or non-allergic) rhinitis

B12 deficiency

Gut motilty disorder with dysphagia, early satiety, nausea, and/or constipation
Celiac- or sprue-lie disorders with sensitivity to wheat, grains, or gluten
Autonomic dysfunction with low blood pressure, orthostatic symptoms
Sicca complex or Sjogren's syndrome

Bronchostriction (reactive airways or asthma)

Macrocytosis (large red cels, causes low sedimentation rate)
Abdormino-pelvic pain

Vulvodynia or vulvar vestibuliis

Joint hyperlaxity with or without hyperelasticity (Ehlers-Danlos Stigmata)
Milk protein intolerance

Costochondritis

Endometriosis

Metabolic Syndrome

Temperomandibular Dysfunction
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Sleep variable

Total sleep time (minutes)
Respiratory disturbance
index

Obstructive apnea
(episodes per hour)
Snore index

Latency to sleep onset
(minutes)

Mean sleep latency
(minutes)

Rapid eye movement (REM)
sleep (as a proportion of
total sleep time)

Sleep efficiency (as a
proportion of total sleep
time)

Wake (as a proportion of
total sleep time)

CFS+EM
(=13

CFS-only
(h=23)

Mean (SEM)®

3945 (15.8)

82(3.1)

203(11.8)

65(3.3)
22.8(6.4)

105 (1.4)

0.21(0.0)

09(0.0

0.1(0.0

414.7 Q0)

65023
4423

7107
20.7 (4.3)

89(1.1)

0.24 (0.0)

09(00)

0.1(00)

P
(BMI adjusted)

030
031 (0.16")

005 (0.12°)

0.70
0.90

0.49

0.45
0.41

0.41

CFS+EM, chronic fatigue syndrome and endometriosis comorbidity; CFS-only, chronic
fatigue syndrome without endometriosis.

*Kruskal-Walls test (cannot be adjusted for BMI)

2Means are the estimated mean values obtained with BMI included in the generalized

linear model.
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Parameter

Hemoglobin
Hematocrit
Red blood cells
wBC
Granulocytes
Lymphocytes
Protein
Total protein
Albumin
Electrolytes
Sodium
Potassium
Calcium
Alkaline phosphatase
Carbon dioxide
Anion gap

Select inflammatory
markers

High sensitivity CRP
Interleukin-6 (IL-6)
TNF-alpha

Cortisol
Mean serum free cortisol
Urinary free cortisol/24 h

Allostatic index score

CFS+EM
(=13

13.8(0.2)
406(0.6)
45(0.1)
7.5(0.6)
43(0.4)
2403

7.4(0.1)
37(0.1)

140.1 (0.5)
3.8(0.1)
9.0(0.1)

925(6.0)

27.0(0.3)
9.8(0.4)

45(1.2)
23(0.9)
21(0.1)

19.9(1.3)
20.2 (3.5)
2905

CFS-only
(n=23)

13.3(0.1)
39.3(0.9)
45(0.0)
73(03)
4108)
2.4(02)

73(0.1)
36(00)

139.6 (0.4)
39(0.1)
90(0.1)
99.4(7.8)
26.1(0.5)
98 (0.4)

52097
27 (037
3.1(0.47

17.1(1.3)
17.6 (2.6)
30(0.41°

0.04
0.05
0.63
0.74
0.76
0.94

0.65
0.28

0.50
0.58
0.96
0.56
0.25
0.92

0.46"
034
0.02*

0.12*
053
0.86

CFS, chronic fatigue syndrome; EM, endometriosis; CFS-+EM, women who had CFS and
endometriosis; CFS-only, women who had CFS but not endometriosis; CRF; C-reactive

protein; IL-6, interleukin 6; TNF, tumor necrosis factor.
aValues available for 20 subjects.

bValues available for 8 subjects.

©Values available for 14 subjects.

* Kruskal-Wallis test.
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Variables CFS+EM(n=13)  CFS-only(n=23) p

Mean (SEM)
CTQ Scores
Emotional abuse 10.8(1.4) 10.9(1.4) 0.95
Physical abuse 81(12) 7800.7) 0.85
Sexual abuse 7.5(0.7) 89(1.4) 047
Emotional neglect 12.0(1.5) 1.7 (1.8) 0.90
Physical neglect 7.9(1.0) 66(05) 0.18
Total CTQ score 46.3(4.7) 46.0 (4.5) 0.97
PSS Score (total) 16.4 (2.1) 17.7 (1.4) 058
LES
Positive events 32(1.1) 52(12) 028
Negative events* 15.8(5.6) 7.1(1.5) 0.05
Overall LESchange 190 (5.8) 123 2.1) 020
SDS index 545 (2.0) 55.4(1.9) 077
STAI
Trait 41.13.1) 43323) 058
State 382(12.8) 37.7 28) 0.90
DTS Score (total) 291 (7.5) 30.1(4.8) 0.90

CTQ, chidhood trauma questionnaire; PSS, perceived stress scale; LES, life experiences
survey, “Negative events are presented in absolute value; SDS, self-rating depression
scale; STAI, state-trait anxiety inventory; DTS, Davidson trauma scale.
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Variables ME/CFS Non-
visits ME/CFS
visits

Unweighted no. of visits 130 748,334
Weighted no. of visits' 1,354,662 4,307,118,192

Chronic Conditions

# of chronic conditions, mean (SD) 1.49(1.05)  1.27 (1.40)

# of chronic conditions, median (range)  1(0-6) 1(0-13)

# of chronic conditions (%)
No chronic condition 2870%  87.82%
1 chronic condition 19.19%  27.47%
2 or more chronic condtions 52.11%  8471%
Depression 3579%  1067%
Hypertension 31.14%  30.66%
Diabetes 2030%  1327%
Anthitis 14.11% 15.83%
Asthma 13.79% 5.54%
Chronic obstructive pulmonary disease  12.90% 4.52%
Hyperlipidemia 11.58% 17.65%
Cancer 6.59% 6.92%
Cerebrovascular disease 1.64% 2.05%
Obesity 1.43% 8.13%
Osteoporosis 0.11% 3.18%
Congestive heart failure 0.06% 2.20%
Chronic renal failure 0.00% 1.84%
Ischemic heart disease 0.00% 5.10%

1. 05-09 NAMCS/OFD.

P-value®

0.406

0.343

0.019
0.965
0.500
0.799
0.239
0372
0.443
0.945
0.808
0.002
<0.001
<0.001
<0.001
<0.001

?p-values based on adjusted Wald tests with Ho, Varls mejcrs = Varls non-me crs:

Column percentages were listed in the table.
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School absence, %

Quality of e in the school setting
School participationt

School connectediness
Academic performance

CFS, chronic fatigue syndrome.
Negs = 35.

Fatigue

b, R2 (95% Cl)

~0.10,0.28 (~0.16, ~0.49)
0.76,0.48 (0.50, 1.03)
058, 0.45 (0.35-0.81)
0.51,0.35 (0.28, 0.75)
004,000 (~0.24, 0.32)

p-value,

<0.001,0.53
<0.0001, 0.69
<0.0001,0.67
<0.0001, 0.59
0.76,0.05

Emotional symptoms

b, R2 (95% CI) p-value, B
0.29,0.08 (~0.04, 0.63) 009,029
~2.99,0.26 (~4.70, ~1.29) <0.001, 051
~2.08, 0.18 (~3.66, ~0.50) 001,018
—2.53,0.31 (-3.81, -1.24) <0.0001, 0.5
~0.30, 0,00 (~1.88, 1.27) 070,007
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CFS group Control group

(h=39) (n=28)
M (SD, range)
School absence, % 42.10 (29.75, 0-100) 5(8.39, 0-30)
Quality of fe in the school setting 37.25 (16.60, 0-70) 77,59 (14.05, 50-100)
School participation’ 81.70 (13.74, 40-100) 98.36 (4.64, 80-100)
School connectedness 67.0(13.10,38-87) 7359 (11.08, 44-90)
Academic performance 101.11 (12.38, 70-125) 111.81 (11,58, 82-129)
Fatigue 36,01 (150, 11.11-77.78) 73.23 (12.20, 41.67-95.83)
Emotional symptoms 429 (2.84,0-9) 234 (1.80,0-7)

*All variables are adjusted for age and estimated FSIQ; CFS, chronic fatigue syndrome.
t 8.

Mean difference*
(95% CI)

~36.7 (~49.74, ~23.65)
38.30 (20,82, 46.78)
15.87 (0.63, 22.12)
6.98 (.10, 13.86)
5.98(0.78, 11.17)
37.99(30.13, 45.84)
~1.70(~8.05, —0.35)

p-value, p

<0.0001, 0.62
<0.0001, 0.76
<0.0001, 0.58
0.047,0.27
0.025, 0.23
<0.0001, 0.80
0.015,0.33
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Extra educational
support, % (n)

Modified currioulum
Reduced workload
Visiting teacher service
Private tutoring
Individual school tuition

Access to distance
education

Other educational supports.
No educational supports

CFS group
(n=39)

372(16)
419(18)
11.66)
14.0(8)
14.0(8)
11.665)

14.0(8)
47@)

Control group
(=28

35(1)
35(1)
0
35(1)
35(1)
0

69(2)
69.0 (20)

p-value,
effect size

0.001,0.39

<0.001, 0.56

<0.001, 0.66
0.14,0.17
0.14,0.17
0.06,0.22

0.35,0.11
<0.001,0.68
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Age, M (SD, range)
Female sex, % (n)
Ethnicity, % (n)
Caucasian or European
Asian
Aboriginal or Torres Strait Isiander
Other
Highest level of education (Mother), % (n)
Did ot complete high school
Completed high school
Some university, TAFE or certification course
University degree
Postgraduate degree
Estimated inteligence, M (SD, range)
liness trigger, % (n)
Infectious ilness
“Trip or vacation
Surgery
Stress
Other
No identifiable trigger
Estimated ilness duration (months), M(SD, range)

CFS group
(n=39)

16.34 (1.15, 13.59-17.93)
76.74(33)

95.12 (39)
2.44 (1)
2.44(1)

12.2(5)
488(2)
2195(9)
39.02 (16)
2195(9)
108.26 (9.69, 83-129)

60.4(17)
47@Q)
23(1)
20.9(9)
163(7)
11.6(5)
37.96 (17.71, 11-75)

Control group
(n=28)

15.41 (1.38, 13.0-17.38)
62.07 (18)

92.86 (26)
357 (1)

357 (1)

357 (1)
10713
1429 (4)
50.00(14)
21.43(8)

114.11(8.38, 89-128)

p-value,
effect size

0.008,0.74
0.18,0.16
0.53,0.18

0.53,0.21

0.011,0.64
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ME/CFS HC P
(n=55)(%)  (n=55)(%)
1. Substantially impaired function
Fatigue (several times/week or 100 5 <0.001
more)
FDI or PedsQL >2 SD worse 96 7
than mean scores for HG*
2. Unrefreshing sleep (most/all of 98 18 <0.001
the time)
3. Post-exertional malaise (at 95 7 <0.001
least once in 2 weeks)
4., Cognitive impairment
Trouble thinking and 82 2 <0.001
concentrating (several
times/week or more)
Symptom frequency plus 93 11
WMFI or
MFS cognitive subscale > 2
SD worse than mean for HC*
4.b. Orthostatic intolerance
LH (several times/week or 76 15 <0001
more)
LH frequency plus pre-study 84 15 <0.001

diagnosis/treatment of Ol

“P-values not computed because of the >2SD method of operationalizing the criterion.

HC, healthy controls; FDI, Functional Disability Inventory; PedsQL, Pediatric Quality of Life
Inventory; WMFI, Wood Mental Fatigue Inventory; MFS, PedsQL Muitidimensional Fatigue
Scale; LH, lightheadedness; Ol, orthostatic intolerance.
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Roma
ME/CFS
(n =55

Total PedsQL 55(15)

Physical 48(17)
Emotional 62 (22)
Social 71(20)
School 44.20)

Psychosocial 58 (17)

“Data from Winger et al. (10).
#Data from Knight et al. (11).

Winger*
ME/CFS
(n=120)

49(13)
37(17)
60 (18)
70 (15)
36(19)
57(15)

Knight#
ME/CFS
(n=42

49(15)
42(29)
57(21)
66(18)
31(17)
51(14)

Roma
HC
(n =55

90 (10)
92(9)
84(17)
95(9)
88(12)
89(12)

Winger
HC
(n=239

9 @)
9%68)
83(14)
98 (4)
88 (14)
91(10)
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ME/CFS (n = 55) HC (n = 55) P-value

FDI 21(10) 2() <0.001
MEsT
Fatigue total 40(18) 85(12) <0.001
Fatigue cognitive 52 (24) 89(13) <0.001
Fatigue sleep 34(18) 77(15) <0.001
Fatigue general 34(19) 89(12) <0.001
WIVFI 14(9) 2() <0.001

HC, healthy controls; FDI, Functional Disability Inventory; MFS, PedsQL Multidimensional
Fatigue Scale; WMFI, Wood Mental Fatigue Inventory.
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FUKUDA CRITERIA

Fatigue (several times/week or
more)

Unrefreshing sleep (most/al of
the time)

Post-exertional malaise (at least
once in 2 weeks)

Cognitive impairment (at least
several times/week)

Headache (several times/week
or more)

Body pain (several times/week or
more)
Sore throat (at least once/week)

Joint aches (several times/week
or more)

Tender glands (at least
once/week)

ME/CFS

(n=55)(%)

95

82

7

51
44

HC
(n=55)(%)

20

20

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
001

<0.001
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ME/CFS (n = 55) HC (n = 55) P

Age, mean (SD) 165 2.1) 17.130) 025
Gender 1
Male 9 9
Female 46 46
Racial group 023
White 52 51
American Indian 2 o
Asian/Pacific Islander 1 2
Other 9 2
Hispanic
No 55 52

Abrupt 2
Gradual 22
Abrupt on gradual 8
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Variables ME/CFS Non- P-value®

visits ME/CFS
visits.
Unweighted no. of visits 130 748,334
Weighted no. of visits 1,354,662 4,307,118,192

Time Spent with Physician!, mean (SD) ~ 23.62 (14.86) 19.38 (13.83) 0.065
Time Spent with Physician', median range) 20 (0-90) 15 (0-240)
Health Education Services?

#of services ordered, mean (SD) 0.16(057) 032(0.74) 0.126
# of services ordered, median (range) 0(0-3) 0(0-5)
None (%) 9200%  80.30%
One (%) 0.21% 11.05%
2 or more (%) 7.79% 8.65%
Type of Health Education Services
Diet/Nutrition® 8.33% 12.48% 0.306
Exercise® 821% 9.79% 0677
Weight reduction® 0.88% 4.02% 0.002
Stress management® 0.75% 3.14% 0.010
Tobacco use/exposure® 7.24% 289% 0386
Growth/Development® 2.97% 0.54% 0.412
Asthma education? 2.38% 091% 0531
Injury prevention” 0.04% 1.64%  <0.001
Other health education® 2374%  19.86% 0702
Family planning/Contraception® 0.17% 145% 0087
Diagnostic/Screening Services®
# of services ordered, mean (SD) 100(1.61) 050(1.06) 0.132
# of services ordered, median (range) 0(0-5) 0(0-5)
None (%) 57.73% 76.74%
One (%) 20.32% 8.77%
2 or more (%) 2195%  14.49%
Blood tests ordered: (%)
cBelo 25.01% 1508%  0.191
Glucose'" 19.05% 863% 0248
HgbA1c'2 3.24% 3.53% 0916
Lipids/Cholesterol '3 12.84% 811% 0330
Other blood test' 33.94% 16.12% 0065
Non-Medication Treatment®
# of treatments ordered, mean (SD) 0.15(0.36) 0.07(0.27) 0.244
# of treatments ordered, median (range) 0 (0-2) 0(0-3)
None (%) 84.78%  93.72%
One (%) 15.17% 5.80%
2 or more (%) 0.06% 0.48%
CAM? 8.55% 100% 0125
Physical therapy® 2.70% 2.65% 0.984
Psychotherapy’ 0.61% 224% 0003
Other mental health counseling® 0.06% 1.47%  <0.001

1. 00-09 NAMCS and 00 OPD; 2. 05-09 NAMCS/OFD; 3. 00-09 NAMCS/OPD; 4.
01-09 NAMCS/OPD; 5. 05-09 NAMCS/OPD; 6. 05-09 NAMCS/OPD; 7. 00, 05-09
NAMCS/OPD; 8. 00 & 09 NAMCS/OPD; 9. 05-09 NAMCS/OFD and 03-04 ED; 10.
01-09 NAMCS/OPD and 00-09 ED; 11. 03-09 NAMCS/OPD and 01-09 ED; 12. 03-
09 NAMCS/OPD and 01-04 ED; 13. 00-09 NAMCS/OPD and 01-04 ED; 14. 00, 05-09
NAMCS/OPD and 00, 03-09 ED.

p-values based on adjusted Wald tests with Ho, Varlicrs = Varlmon-crs; Column
percentages were listed in the table.
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Reason for medication

Sleep

Pain, inflammation, or muscle spasms
(notincluding migraine)

Thyroid function, other
endocrine/hormonal issues

Anxiety, depression, or general mental
health

Digestive or gastrointestinal problems:
SPECIFIC MEDICATION®
Ibuprofen

Levothyroxine

Melatonin

Acetaminophen

Zolpidem

Percentage using medic:
category/specific medica

62
52
46

36

35

25
20
19
17
15

on (%)

4Subjects were initall asked if they took medications for a specific reason (e.g., sleep).
Nex, they were presented with aist of medications commonly used to treat that condition.
A category labeled *other” accompanied by an open text box was also incluced. Subjects
were encouraged 1o wiite in anything they took, including herbs, supplements, and

over-the-counter medications.
bOut of 150 subjects total.

©27% and 24% of subjects chose the "Other" category, respectively, for sleep and
gastrointestinal treatments. No one medication emerged as dominant. Examples of sleep
treatments: over-the-counter pain/ cough medications containing antihistemines; herbal
teas; magnesium; L-tryptophan. For gut symptoms: probiotics, prebiotics, digestive

enzymes, sodium bicarbonate.
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Symptom

Alcohol intolerance

Problems
adjusting to heat
or cold

Difficulty with
standing stil®

@Due to symptoms associated with orthostatic intolerance.
bComposite of symptoms including orthostatic intolerance.

Prevalence in subjects
with ME/CFS (%)

66
45-75
60
67
80
87

59
75-80
54
81

81
9
0P

Study author
(references number)

This study

Beme (108)

De Becker (109)
Woolley et al. (57)
Bansal (110)

This study

Chu etal. (16)
Beme (108)

De Becker et al. (109)
This study

Lappetal. (111)
Rowe etal. (112)
Robinson et al. (113)
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Time to onset

Within 24 h
1-6 days

7-30 days

1-6 months

7-12 months

1-2 years

More than 2 years
Do not know

No answer

17

19
32
16
11
30
17
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Symptom

Fatigue/extreme tiredness

Feeling unrefreshed after you wake
up in the morning

Physically drained or sick after mild
activity

Minimum exercise makes you
physically tired

Next day soreness or fatigue after
non-strenuious exercise

Problems remembering things
Pain or aching in your muscles

Mentally tired after the siightest
effort

Difficulty paying attention

“Dead” or *heavy” fesling after
starting to exercise

Difficulty finding the right word/
expressing self

Flu-like symptoms.

Prevalence first
6 months (rank)®

97% (1)
9% (2)

85% (3)
80% (4)
76% (5)
76% (6)
76% (7)

75% (8)

74% (9)
73% (10)

72% (1)

70% (12)

Prevalence after first 6
months (rank)®

86% (1)
81% (2)

79% (4)
77% 6)
73% (9)

77% 6)
71% (1)
76% (7)

73% ©)
68% (16)

79% @)

67% (20)

Prevalence at time of
survey (rank)

76% (1)
69% (2)

60% (1)

63% (7)

64% (6)

68% (4)
59% (13)
61%(9)

64% (5)
53% (18)

68% (3)

46% (25)

Change from beginning of
illness to time of survey? (%)

-8
-7
-14

-10
-20

-4

24

2The median length of iliness in our sample was 12.5 + 10.1 years. It was explained to survey respondents that “after first 6 months” meant anytime between that time and the time of

the survey. So if someane had been sick for a decade and they suffered from & symptom from years 2 through 5 of their llness, but not at the beginning of their lless or at the time of
the survey, they would mark down their answer affimatively during this period.
bSubjects were askedif a symptom was present at the specified moment in time. Fifty-four diferent symptoms were listed with the most common ranked as *1” and the least common

as 54."

©The provalence of these symptoms changed over time such that they would no longer be or rise to being among the 12 most common symptoms. For example, “Physically drained

or sick after mild activity” was the 3rd most common symptom during the first 6 months but had fallen to the 11th most common by the time of our survey.

9Percentage change is absolute, not relative (e.g., for fatigue, 97-76% = 23%). Over time, “absentminded or forgetfulness” (19, 10, 10), “only can focus on one thing at a time” (22,
17, 8), and “sensitivity to noise” (15, 12, 12) moved up to the top 12 most common symptoms (numbers in parentheses refer to change in rank over the 3 time periods).
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Factor

Infectious ilness
Stress or major life event®
None of the above

Exposure to chemical/environmental
toxin®

Otherd

Surgery

Neurologic event

Cardiac event

Accident

Recent domestic travel
Pregnancy

Recent international travel
Medical injection

Consumption of water from
questionable source

Raw/ undercooked dairy, eggs, meat

2Qut of 141 respondents.

Number of
subjects

49
44
a7

Work, family, and relationship-related events.
©9 out of 16 cited mold; otherwise, a variety of occupational exposures.

98 out of 16 may be infection-related.

Percentage of
subjects? (%)

35
31
26
1

1"
"
1
1
8

-~ N oo o
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Medical condition

Aniety
Depression, seasonal affective
disorder, or dysthymia
Fibromyalgia

Irftable bowel syndrome

Symptomatic infectious
mononucleosis®

Migraine headache

Any autoimmune condition®
Chronic sinusitis

Hay fever

Hypothyroidism (non-Hashimoto's)

Peripheral neuropathy (for example,
carpal tunnel syndrome)

Multiple chemical sensitivity syndrome
Sleep apnea

Temporomandibular joint disorder
(TMY)

Postural orthostatic tachycardia
syndrome (POTS)

Percentage (%) with
medical condition ever
diagnosed

48
a3

39
38
37

37
27
33
30
28
28

o7
26
21

20

Percentage (%)
endorsing condition as
active/unresolved

67
63

88
7%

63
66
7
86
77
86

87
65
57

83

Prevalence of medical
condition, ME/CFS subjects®
in other studies (%)

21-88
17-47

12-91
17-92
39

84
13-27
66
33,57
5-35
2

4-72%
4-46%
27-67%

13-81%

“Subjects were asked if they had ever been diagnosed by a heelthcare professional with any of a lst of 43 medicall psychiatric conditions.

bMeaning presence of symptoms along with confirmatory bloodwork. Seventy percent stated their mononucleosis wes due to Epstein-Barr virus whie 16% noted cytomegalovirus-

associated mononucleosis.

©The most common autoimmune ilness was Hashimoto's thyroiditis with a prevalence of 15%. Others mentioned were vitilgo, celiac disease, psoriasis, ulcerative colits, interstitial

cystitis, Sjogren's syndrome, and muliple sclerosis.

9Prevalence figures for condltions cited are from the following references: anxiety (24, 39, 41, 51), depression (21, 24, 40, 41), fibromyelgia (19, 24, 26-28, 35, 39, 41, 51, 52, initable
bowel syndrome (19, 25-29, 52), symptomatic infectious mononucleosis (25), migraine headaches (53), autoimmune conditions (25, 40, 54), chronic sinusitis (55), hay fever (55,
hypothyroidism (general) (24, 41, 55), multiple chemical sensitvites (19, 27, 35,
®Prevalence figures for conditions are cited from the following references: anxiety (5, depression (59), fibromyalgia (60), iritable bowel syndrome (61), symptomatic infectious
mononucieosis (62), migraine headaches (63), autoimmune conditions (64), chronic sinusitis (65), hay fever (65), hypothyroidism (general) (56), peripheral neuropathy (67), multple

chemical sensitivites (65), sleep apnea (69), TMJ (70), POTS (58).
No study found addressing this topic specifically.

55), sleep apnea (41, 56), TMJ (27, 28, 51), POTS (35, 42, 52, 57, 58).

Prevalence of medical
condition, general US
population® (%)

18
7

8
10-20
30-50

14.2
45

13-39
3.7
24

13%
26%
15%

0.17%
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Factor Number of Percentage of

subjects? subjects® (%)

Infectious ilness 84 64
Stress or major life event® 51 39
Exposure to 26 20
chemical/environmental toxind

Recent interational travel 25 19
Recent domestic travel 23 17
Other® 22 17
Medical injection 13 10
Pregnancy 11 8
Surgery 10 8
Accident 10 8
Consumption of water from 10 8
questionable source

Neurologic event 9 7
Cardiac event 8 6
None of the above 5 4
Raw/undercooked dairy, eggs, 2 2

meat

Subjects responding “yes" or possibly to factor as a precipitant. Subjects could choose
more than one factor:

bOut of 132 subjects total who noted a precipitating event(s).

“Primariy family and work-related events.

9Subjects primerily mentioned environments which might have exposed them to higher
levels of various substances. “Mold" was the most common specific answer given.

28 (36%) were infection-related events with all subjects also replying “yes” to infectious
iliness; remainder included insect bites and other medical events.





OPS/images/fped-07-00012/fped-07-00012-t002.jpg
Type of infection Number of subjects  Percentage
identifying infection®  identifying
infection® (%)

Respiratory infection (sore throat, 33 39
runny nose, cough, etc.)

Documented acute infection (herpes 29 35
viruses, parvovirus B19, etc.)

Non-specific infection (fever, chills, 28 33
sweats, muscle aches, etc)

Other 15 18
Abdominal infection (diarrhea, 10 12
nausea, vomiting, blood in stool, etc.)

Bladder infection (pain/burning 4 5

wrinating, urinating frequentl, feeling
of having to urinate urgently, etc.)

Prostate infection 0 o

20ut of 84 total respondents endorsing an infectious ilness as a precipitating factor for
their ME/CFS.

bSubjects were permitted to choose more than one type of infectious event. However,
77% chose only one event.
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Total cohort n = 784 (VF 1:3)
Mean age 22.5 years (range 7-35.7 years)
Follow up (FU) data from 641 (81.8%)
Mean length FU 8 (1-21) years
Proportion reporting recovery 46.5%
Mean duration illness 5 years (1-15) (1 = 298)

Study groupwho ~ Comparison
provided baseline  group n = 366

datan = 418
N providing FU data (%) 364 (87.1%) 277 (75.6%)
MF 23%:77% 27%:73%
Age at FU (range) years 23.2(14.6-33) 21.9 (7-35.7)"
Mean length FU years 83 (1-19) 7.6(1-216)"
Mean duration iliness (months) until 13.4 3-72) 13.8 (3-84) (ns)
help/diagnosis
Proportion reporting recovery 52% (n = 188) 40% (n =110)#
Mean duration illness (years) 49 (1-14) 5.4 (1-15) (ns)
Mean functional score (if recovered) 9.0 (5-10) 8.8(5-10) ns)
Working/ studying full time 61% 63% (ns)
Using/used Visiting Teacher Service 20% 20%
Used Distance Education 1% 24%
Completed or undertaking 69% 62%
post-secondary education
Not working/studying 5% 5%
Garing for children 5% 5%
Receiving Government Disability 26% 33%
Support

-test p < 0.05 “t-test p < 0.001. #chi square 6.8 p < 0.01. Bolding indicates
composition and outcomes for total cohort.
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Female 91%

Height 173 (8) cm
Weight 69 (15) kg
Caucasian 100%
Age (years) 33(10)
Median duration of ME/CFS 7 years

Supine systolic BP 131 (15)

Supine diastolic BP 798
Supine end-tical CO2t 36(4)

Supine HR 79 (14)
Peak HR during it 118 (20)
Peak systolic BP 125 (18)
Peak diastolic BP 85(11)
10min upright end-tidal CO2% 26(6)

“Unless othenwise specilied, these values represent mean (SD). Blood pressure and
end-tidal CO2 units are mm Hg.
HEnd-tidal CO2 measures were available for 147/155 participants.
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Minutes upright POTS diagnoses missed at each minute

% (95% CI)
1 68 (60-75)
2 55 (48-63)
3 40 (83-48)
4 2 (17-30)
5 15 (11-22)
6 10 (6-16)
7 3 (-7
8 2 (0-4)
9 2 (©0-4)
10 0
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TRAVEL

1. Avoid waiting in long security lines. Call the airiine for a wheelchair in order to
conserve energy and bypass the line. Be sure to check in at skycap and they will
have a wheelchair waiting.

2. Preboard the fiight for extra time to store belongings.

3. Sign up for TSA pre check. The security lines are shorter and there is no need to
remove shoes and computers from carry-on luggage.

4. Travel with noise canceling headphones, earplugs or both.

5. Bring an eye mask and travel pillow to make the trip more restful.

6. Cover your face with a mask to avoid unwanted germs.

7. Bring healthy snacks.

8. Wear compression socks o compression calf sleeves to promote circulation and
reduce fatigue.

9. Travel to your destination a day early and take a day or more to rest if needed.
HOTEL

1. Ask for a quiet room away from the ice machine.

2. Bring earplugs.

3. Use a white noise app.

4. If possible use a shower bench o sit down while showering,

5. Use a robe to dry off after showering.

6. Stay hydrated. Buy a bottle of water. If the hotel has a fitness center they usually
have filtered water for free refills and often have fresh fruit.

GENERAL RECOVERY

1. Take a warm bath with Epsom salts.

2. Stretch sore muscles slowly but frequently.

3. Pace activities by planning rest breaks during the day.

4. Use diaphragmatic breathing to promote relaxation and recovery.

5. Rest until recovered.
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Diagnosed-ME/CFS F:Mratio Diagnosed-ME/CFS

(count/100,000) (% normalized)
Agerange M F  Total F:M ™M F

Oto9 40.0 343 37.2 0.86: 1 53.83% 46.17%
10to 19 148.8 261.8 204.8 1.76:1 36.24% 63.76%
201029 2595 4784 8793  184:1  35.18%  64.82%
301039 3658 6819 5300  186:1  8491%  65.00%
4010 49 4821 9091 7084 1891  34.65%  65.35%
501059 5104 8795 7052 1721  3672%  63.28%
601069 4906 7396 6281 1481  4031%  59.69%
701079 6237 8228 7313 1821  43.12%  56.88%
80to 89 8142 958.0 900.3 1.18:1 45.94% 54.06%
Total 3818 6454 5219 1691  87.47%  62.83%

Diagnosed-ME/CFS
(count)

M

978
4,023
7,725
11,679
15,264
16,865
14,433
9,976
7,766
88,709

E

796
6,934
17,245
26,390
32,472
32,459
24,610
16,479
13,608
169,993

Total

1,774
10957
24,970
38,069
47,736
49,324
39,043
26,456
21374

258,702

Data set population

2,446,920
2,702,876
2,976,670
3,192,640
3,166,430
3,304,031
2,889,185
1,699,620
953,817
23,232,089

E

2,321,941
2,648,306
3,606,744
3,869,894
3,571,767
3,690,758
3,327,290
1,881,168
1,420,412
26,338,280

Total

4,768,861
6,351,182
6,583,414
7,062,534
6,738,197
6,994,789
6,216,475
3,480,688
2,374,229
49,570,369
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Diagnosed-ME/CFS F:Mratio Diagnosed-ME/CFS Diagnosed-ME/CFS Data set population

(count/100,000) (% normalized) (count)
Age range M F Total M M F M F Total M F Total
09 00 00 00 000%  0.00% o 0 o 4 5 9
1010 19 1797 2887 2334 1.61:1 3836%  61.64% 242 374 616 134,604 129,563 264,257
20-29 2073 5840 4438 1.96: 1 3874%  66.26% 405 831 1236 186,205 142,303 278,508
30-39 4816 8817 6959 1.83:1 35.33%  64.67% 270 570 840 56,062 64,646 120,708
40-49 5153 9569 7492 1.86: 1 35.00%  6500% 780 1631 2411 151,354 170449 821803
50-50 5307  047.4 7494 1.79:1 35.91%  6409% 1,155 2277 3432 217,625 240,347 457,972
60-69 527.7 8199 6825 1.65: 1 30.16%  60.84% 1073 1877 2950 203345 208,921 432,266
70-79 6402 8488 7529 1.33: 1 4300%  57.00% 695 1082 1777 108557 127,478 236,035
80-89 7915 9007 8628 11501 4652%  5348% 1385 2420 3805 174,985 266,008 440,993
Total 507.7 807.6 668.6 1.60:1 38.60% 61.40% 6,005 11,062 17,067 1,182,831 1,369,720 2,662,661
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Age range

09
10-19
20-29
30-39
40-49
50-69
60-69
70-79
80-89
Total

Diagnosed-ME
(count/100,000)
M F
32.7 259
420 58.1
574 978
65.8 1111
869 1425
1185 1689
1640  207.6
2343 2687
3179 358.1
9.1 1419

Total

294
500
775
886
147
1441
187.0
253.1
3425
120.4

F: M ratio

M

0.79:
1.38:
1.70:
1.69:
1.64:
1.43:
1.27:

1.15:
1.13:
1.45:

Diagnosed-ME
(% normalized)

55.81%
41.97%
37.00%
37.20%
37.89%
41.22%
44.13%
46.58%
47.02%
40.87%

F

44.19%
68.03%
63.00%
62.80%
62.11%
68.78%
55.87%
63.42%
52.98%
59.13%

Diagnosed-ME
(count)
M F
207 157
307 412
462 778
545 932
668 1,099
03 1,83
1000 1,540
824 1,135
621 1,000
5627 8487

Total

364
719
1,240
1,477
1,767
2,238
2,630
1,959
1,720
14,114

Data set population

M

633,270
730,324
804,286
827,930
768,545
762,241
664,725
351,709
195,363
5,738,393

E

606,551
708,729
796,311
838,616
771,386
790,364
741,738
422,440
306,871
5,982,006

Total

1,239,821
1,439,053
1,699,597
1,666,546
1,539,931
1,652,606
1,406,463
774,149
502,234
11,720,399
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Diagnosis ICD-9-CM (retired  ICD-10-CM
Oct1,2015)

MS (Multiple Sclerosis) 340 G35
Lupus (ncludes all subcategories) 710 M32, 193
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Continuous years Diagnosed General Prevalence per

enrolled Pop. 100,000
0-1 2,668 3,648,421 73
1-2 11,070 13,422,797 82
2-3 7,883 7,339,562 107
3-4 6,337 4,438,630 143
4-5 6,375 3,660,868 174
56 2,971 1,670,694 178
67 4,925 2,629,342 187

Total 42,229 36,810,314 115
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Population

Main dataset
Subset 1
Subset 2

G933

16,305
1,044
10,196

323.9

9,263
1,030
3945

ME
Total w/Dups
25,568

2,074
14,141

per 100K

51
81
121

R53.82

140,947
6,635
87,282

780.71

99,929
10,234
57,614

CFs
Total w/dups
240,876

16,869
144,896

per 100K

482
661
1,236
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Population

Main dataset
Subset 1
Subset 2

ME+CFS
Total
266,444

18,943
159,037

per 100K

533
742
1,357

Union ME+CFS

Total no dups

259,275
17,074
121,632

per 100K

519
669
1,038

Reference
Total
49,963,500

2,568,722
11,720,401
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Symptomatic Diagnosed

Cohort 465 Cohort
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Diagnosis 1CD-9-CM
(retired Oct 1,
2015)

ME (Myalgic Encephalomyeltis) 3289
CFS (Chronic Fatigue Syndrome) 780.71

IcD-10-CM

G933
R53.82
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Items from the ME-ICC case definition and primer
Fesling disoriented
Slowed speech
Difficulty reading (dyslexia) after mild physical or mental activity
Aching of the eyes or behind the eyes
Sensitviy to pain
Pressure on parts of your body causes pain in other parts of your body
Daytime drowsiness
Sensitiity to vibration
Poor coordination
Sinus infections
Urinary urgency
Waking up at night because you need to urinate
Inabilty to tolerate an upright position
Fluctuations in temperature throughout the day
Items revised that better approximated the ME-ICC case definition
Intolerance to extremes of temperature
Viral infections with prolonged recovery periods
Items added due to findings related to orthostatic intolerance and mold sensitiity
Heart beats quickly after standing
Blurred or tunnel vision after standing
Graying or blacking out after standing,
Sensitvty to mold
tems based on Ramsay (36)
Muscle fatigue after mild physical activity
Worsening of symptoms after mild physical activity
Worsening of symptoms after mild mental activity
Items added based upon patient feeclback
Since the onset of your fatigue/energy related ilness
Have you stopped getting sick with colds or flus
Item added in concordance with the Energy Envelope Theory
If you were to engage in exercise or vigorous activity, would you
feel physically drained or sick?
Revised double-barreled questions
Unable to focus vision
Unablle to focus attention
Losing weight without trying
Gaining weight without trying
Issue of alcohol intolerance
What would ocour if you were to drink alcohol
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Micro-organism
(virus or
bacterium)

Enteroviruses
Epstein-Barr virus
(EBV)
Cytomegalovirus
(cmv)

Human herpes
virus-6
Parvovirus B19
Hepatitis C

Chlamydia
peumoniae
Coxiella burnetii

Microbial
persistence after
the acute phase®

No
Yes

Yes

Yes

Yes
Yes

No

Yes

Treatment

Interferons o, y
Valacyclovi,
Valgancyclovir
Cidofovir,
Human normal
immunoglobulin
vie)

Cidofovir

G
Interferon /
ribavirin
Tetracycline,
Clarithromycin
Tetracyciines

References

(14-19)
(20-25)

(18)

(18,26, 27)

(28-31)
(18

(18,32)

39

*The majority of those micro-organisms important i triggering CFS/ME have been shown
to persist following the acute phase.
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Positive study findings in CFS Negative study findings References

Positive findings Negative
findings

Significant increase in B cells expressing CD20 and No difference in B cells between CFS and Normals (35,36) ©7,38)

cp21

An increase in CD8+/HLADR+ and CD8+/CD38+ T No difference in CD8+/HLADR+ and CD8+/CD38+ T cells (35,36) (@8)

cells

Increased T cell differentiation No increased T cell differentiation @9 )

NK cell dysfunction (0

Redution in CD3-/CD16+ and CD57-+/CD56+ NK cells. (36)

with an expansion of the CD8+/CD56+ and

CD16-/CD56+ NK subsets and total circulating B cells

Deficiency in NKH. 1+ T3 cell numbers and decreased @1

NK cel function in patients with CFS who had evidence

of EBV reactivation

Deficiency in cellular immunity with reduced cytotoxicity @5)

of NK cels with increased NK numbers

Total NK numbers normal, with decreased NK cell (42, 43)

activity as compared to normal (CFS family)

Decreased antibody-mediated cellular cytotoxicity “3)

(ADCC)

Th2 profile of CD4 helper T cell responsiveness (44-46)

Reduced TGF1 mRNA expression (47)

Increased neutrophil apoptosis (8)

Deficiency of IgG1 in 2 CFS patients (49)

Deficiency of IgG1 and IgG3 in CFS compared with (50)

healthy sedentary controls. IgG1 and IgG3 were even

lower in GFS with concurrent axis-| depression as

compared with GFS itself

Deficiency of IgG1, 19gG3, and IgG4 61

Deficiency of IgG3 62)
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Gene D ME/CFS  Kaviar  Frequency C-score
frequency frequency  ratio

GPBAR1 rs199986029 7.73E-01 6.00E-06 1.29E+05  36.00
HLA-C rs41560916  6.27E-01 1.30E-05 4.82E+04 15.55
BCAM rs3810141 1.02E-01 6.00E-06 1.70E+04  33.00
AAAS rs150511103  1.93E-01 1.30E-05 1.49E+04  33.00
FGA rs146387238 1.93E-01 1.30E-05 1.49E+04  33.00
SLC25A13 rs80338723  1.93E-01 1.30E-05 1.49E+04  32.00
MYBPC3 rs112738974 1.93E-01 1.90E-05 1.02E+04  34.00
PEX6 rs112208166 1.93E-01 1.90E-05 1.02E+04  26.80
CYP2D6 rs1135830  4.54E-01 O.70E-05 4.68E4+03 24.30
HLA-DRB1 rs112796209 4.15E-01 1.09E-04 3.81E+03 26.10
PLA2G4D rs147616345 1.50E-01 1.03E-04 1.55E403 25.60
CYP2A6 rs5031017  3.86E-01 2.64E-04 1.46E+03 2420
CYP2D6 rs199535154 0.43E-01 231E-03 4.08E+02 22.10
DDX51 rs201101053  1.50E-01 7.08E-04 2.25E4+02  49.00
LHB rs34340826  7.42E-01 6.44E-03 1.15E402 13.18
HLA-A rs1137110  1.38E-01 2.49E-03 5.67E+01 16.35
HLA-DRB1 rs1136756  4.39E-01 1.00E-02 4.38E+01 1471
HLA-DRB1 19269744  4.05E-01 1.30E-02 3.12E+01 23.80
TPTE rs1810540  3.45E-01 1.16E-02 2.97E4+01  35.00
HLA-DQA1 rs1061172 157E-01 1.33E-02 1.18E+01 1533
Céorf183 rs399561 6.32E-01 6.46E-02 Q.78E+00 15.17
C14orf37 rs3820765  8.15E-01 O.75E-02 8.36E+00 15.58
EFCAB4B rs11062745  2.79E-01 3.30E-02 8.25E+00 21.60
PLDS rs2810008  5.54E-01 6.71E-02 8.25E400 16.00
MUC19 rs11564109  2.40E-01 296E-02 8.15E4+00 24.70
ARHGAP42 rs17647207  1.44E-01 1.82E-02 7.91E+00 23.30
ADAMTS19 rs30645 7.65E-01 O.75E-02 7.85E400 18.74
LINCO1171 rs11605546  2.30E-01 297E-02 7.73E400 1531
ANKDD1B rs34358 8.33E-01 1.09E-01 7.65E+00 45.00
ZBEDS rs2232019  1.20E-01 1.61E-02 7.45E+00 24.20
CTC-441N14.4 rs9112 6.03E-01 8.44E-02 7.156400 21.70
SLC35B2 rs3187 1.31E-01 1.85E-02 7.07E4+00 11.89
PRSS41 rs61747737  1.15E-01 1.63E-02 7.06E+00 13.70
OTOG rs12422210  2.64E-01 3.76E-02 7.01E400 15.38
MTCH2 rs1064608  4.57E-01 6.58E-02 6.95E+00  25.00
SULF1 rs6990375  5.12E-01 7.49E-02 6.83E+00 14.77
OTOG rs11024333  2.95E-01 4.34E-02 6.80E4+00 10.26
ART3 rs14773 4.33E-01 6.41E-02 6.76E+00 14.51
PPHLN1 rs12658 3.63E-01 5.45E-02 6.66E+00 15.95
PRICKLE1 rs12658 3.63E-01 5.45E-02 6.66E+00 15.95
VARS2 152249464  7.47E-01 1.14E-01 6.56E+00 16.14
MORN2 rs3009950  2.19E-01 3.37E-02 6.50E+00  25.50
AC007956.1 rs2270424  3.68E-01 599E-02 6.15E+00  33.00
AREL1 rs2270424  3.68E-01 5.99E-02 6.15E+00  33.00
PRRT4 rs359642 9.50E-01 1.55E-01 6.12E+00 10.83
HUs1 rs2307252 1.67E-01 2.76E-02 6.056+00 12.72
PRSS56 rs1550004 ~ 9.22E-01 1.62E-01 5.68E+00 16.32
Cborf52 rs10051838  2.40E-01 4.35E-02 5.52E+00 17.68
ZNHIT1 rs17319250  4.05E-01 7.41E-02 5.46E400 10.74

CPLX2 rs3822674  7.05E-01 1.29E-01 5.46E+00 10.05
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CPET variables

Peak VOp

VO,@VAT

Peak RER

VNGO, Slope@VAT; VeVCO,
slope@RCP"; Lowest Ve/VCOp

PetCOp
Oppuise

Peak heart rate

HR recovery@1 min post peak
effort

Exercise BP

SpO,
ECG

Subjective symptoms

Description/
significance

-Highest VO, obtained during exercise
-indicates biological functional capacity
-Submaximal VO,

~occurs at point of dislinear increase in Vg
~generally associated with anaerobic threshold
~represents upper limit of workload that can be
sustained for prolonged period

ratio of VOOo/VOp

~best non-invasive indicator of exercise effort

Indicates ventilatory efficiency and matching of
ventilation to pulmonary perfusion

-also represents matching of ventiation and
perfusion and cardiac function

ratio VOo/HR
-indirect indicator of cardiac work

-highest HR during CPET

-in patients not prescribed beta blockers provides
insight into chronotropic competence and cardiac
response to exercise

-peak HR should not be used as primary indicator
of subject effort given its wide variability
Difference between peak HR and HR@1 min into
recovery

~provides insight into parasympathetic reactivation
Provides insight into GV response to exercise and
left ventricular afterload

-non-invasive indicator of arterial hemoglobin
saturation

rate, thythmicity and perfusion of the heart

to determine subject perception of symptoms.
limiting exercise

-Rating of Perceived Exertion (RPE)

~dyspnea scale

-pain scale

Normal
values/response

Wide range by age, sex, fitness level
9% predicted value should be 85-100%

45-65% peak VO

>1.1-maximal effort
1.0-1.1-good effort

<1.0-poor effort

Generally <30, however normal values are age and
sex dependent

Rest: 36-42 mmHg

From rest to VAT, increases 3-8 mmHg

Decreases following VAT intensity

Continual linear rise thru exercise with possible
plateau approaching peak effort

Chronotropic incompetence is < 85%
age-predicted heart rate reserve

Should have >12-18 bpm recovery in 1st min
following peak exertion

During exercise SBP should increase 10 mmHg/3.5
mikg="min=" VO,; DBP should not change
210 mmHg from rest

>95% at rest and throughout exercise

Minimal waveform changes, no significant deviation
from normal sinus rhythm

Limiting factor is muscular fatigue with no significant
difference in dyspnea, pain

References

(1)

©9)

(40)

@1)

“2)

“3)

(a4)

(15)

“5)

(46)

@n

(48, 49)
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Crude Adjusted*

Factors  Changeinmean p-value** Changeinmean p-value™
HGS kg (95%Cl) HGS kg (95%Cl)

HGS i

HC 00 00

MScontrols —11.8(~153, -82) <0001  -59(-88,-29) <0001

CFonME ~ -30(-76,15) 019  -55(-100,-10) 002

MEmm  —105(-132,-78) <0001 -7.6(~10.4,-5.1) <0001

MEsa -16.3(-193, -11.3) <0001 -102(-133,-7.1) <0.001

HGSmax

HC 00 00

MScontrols —110(~147, ~7.4) <0001  -53(-82,-24) <0001

CFfonME ~ —-20(-66,27) 041  -43(-88,024) 005

MEmm ~9.1(-118,-63) <0001 —6.1(-86,-35) <0001

MEsa —183(-17.8,-92) <0001 -79(-11.1,-48) <0001

“adjusted for sex, age, and BMI **t-statistic. HC, healthy controls; MS, multiple sclerosis;
CF/nonME, chronic fatigue not meeting study criteria for ME/CFS; MEmm, ME/CFS
mild/moderately affected: MEsa, ME/CFS severely affected: BMi, body mass index.
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Paired Differences (hand grip 1-avg hand

grip 2and 3)
95% Cl

Pairs Mean Lower Upper p-value
Overall 1.07 0.68 1.47 <0.001
HC 039 -0.20 099 0.19
MS cases 0.64 -0.32 1.60 0.19
CF/nonME 079 .74 232 0.30
MEmm 1.38 075 2,01 <0.0001
MEsa 238 054 4.22 001

HC, healthy controls; MS, multple sclerosis; CF/nonME, chronic fatigue not meeting stucy
citeri for ME/CFS; MEmm, ME/CFS mid/moderately afiected; MEsa, ME/CFS severely
affected.
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Disease
severity
parameters

HGSrin
Fatigue analog
scale

Pain analog
scale

PCS
MCS
HGSmax

Fatigue analog
scale

Pain analog
scale

PCS
MCS

Crude

Change in mean
hand grip strength
kg (95%Cl)
-028(~0.29, —0.17)

—1.47 (-1.86, -1.08)

0.33(0.26, 0.41)
0.21(0.10,0.32)

-0.20(~0.26, ~0.13)

~-1.29 (-1.68, -0.89)

0.30(0.22, 0.37)
0.17 (0.08, 0.28)

p-value™

<0.001

<0.001

<0.001
<0.001

<0.001

<0.001

<0.001
<0.001

Adjusted*

Change in mean
hand grip strength
kg (95%Cl)
~0.14(=0.20, -0.08)

~0.93 (~0.17, 0.69)

0.24(0.17,0.31)
0.07 0.01,0.13)

~0.13(~0.19, 0.07)

—0.84 (-1.07, -0.60)

0.24(0.18,0.31)
0.07 (0.01, 0.13)

p-value*

<0.001

<0.001

<0.001
0.02

<0.001

<0.001

<0.001
0.03

“adjusted for recruitment category, age, sex, and BMI; “t-statistic. PCS, physical
component summary; MCS, mental component summary; BMI, body mass index.
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Inclusion criteria

ME/CFS cases: clinical diagnosis
according to CDC-1994 andor Canadian
Consensus Criteria; diagnosis confirmed
by research nurse upon completing
baseline assessments

CF/nonME: diagnosis of ME/GFS from
clinician but does not fulfl study criteria
upon completing baseline assessments
Healthy controls: no past or present
fatiguing and/or other major morbidity,
such as cancer or coronary heart disease
MS cases: confirmed diagnosis made.
previously by NHS neurologist, in
compliance with the NICE guidelines

Exclusion criteria

cases and control

- recent use (in preceding 3
months) of drugs known to
alter immune function, anti-viral
medications, and vaccinations

- history of acute and chronic
infections, such as hepatitis
B/C, tuberoulosis, HIV, or other
severe ilness or severe mood
disorders

- pregnant women and those
within 12 months post-partum
and/or currently lactating

ME/CFS, Myalgic Encephalomyeltis/Chronic Fatigue Syndrome; CF/nonME, chronic
{atigue not mesting study criteria for ME/CFS; MS, multple sclerosis; COC, Centers for
Disease Control; NHS, National Health Services; NICE, National Institute for Health and

Care Excellence.
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Factors Healthy Controls MS cases CF/nonME MEmm MEsa p-value for

(N =136) N=76) (N=37) N =216) (N =56) difference b/n
groups*

Sex N(%) Females. 84 (62.8) 59(77.6) 24(64.9) 166 (76.9) 43(76.8) 002

Age mean(SD) 45.4 (12.0) 525 (8.4) 45.4 (10.3) 471 (11.0) 459 0.0001

(115)

BMI mean(SD) 24.9(4.3) 26.3(6.1) 24.7(652) 26.4(6.0) 243(5.0) 004

hand grip1 mean(SD) 34.4 (18.9) 23.1(11.8) 32.2 (15.5) 252 (11.9) 21.29.7) <0.0001

hand grip2 mean(SD) 33.9(14.0) 225(12.9) 31.4(17.2) 235(12.6) 19.2(0.2) <0.0001

hand grip3 mean(SD) 34.1(14.2) 226 (12.7) 31.4 (18.1) 239 (12.4) 185(9.2) <0.0001

min hand grip mean(SD) 320 (13.8) 203 (12.0) 29.0(16.8) 216(119) 16.7(0.2) <0.0001

max hand mean(SD) 362 (14.1) 25.1(12.4) 34.2(16.8) 27.1(12.2) 229(9.2) <0.0001

gip

Fatigue mean(SD) 15(1.5) 53(25) 45(22) 67(1.6) 7.4(1.4) <0.0001

Analog Scale

Pain Analog mean(SD) 1.0(1.5) 3.427) 22(2.0) 49(25) 53(2.7) <0.0001

Scale

PCS mean(SD) 57.0(4.9) 38.4(12.2) 457 (8.4) 31.0(8.6) 19.0(4.7) <0.0001

MCs mean(SD) 52.18.1) 46.1(10.8) 43.7(9.0) 392 (0.9) 442(9.9) <0.0001

*x2 for categorical variables; F-statisti for continuous variables. HC, healthy controls; MS, multple sclerosis; CF/nonME, chronic fetigue not meeting stucy criteri for ME/CFS; MEmm,
ME/CFS milc/moderately affected; MEsa, ME/CFS severely affected; BMI, body mass index; PCS, physical component summary; MCS, mental component summery; SO, standard
el
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