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Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a multifaceted disorder characterized by persistent fatigue, post-exertional malaise (PEM), cognitive dysfunction, sleep disturbance, pain, psychological distress, orthostatic intolerance, and impaired multidimensional health status and functioning. In the absence of reliable biomarkers, standardized symptom assessment is essential for accurate diagnosis and comparability across studies. This narrative literature review synthesized studies identified through PubMed and Web of Science up to June 2024, covering assessment instruments across major ME/CFS symptom domains. Tools were evaluated for their psychometric validity, clinical applicability, and key limitations. Overall, existing scales demonstrate acceptable reliability but vary in sensitivity and disease specificity. Harmonized, multidimensional, and digitally or objectively validated measures are needed to improve diagnostic precision, longitudinal monitoring, and clinical translation in ME/CFS.
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1 Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a chronic, disabling disorder of unknown etiology, with no established biomarkers or curative treatment (1). Diagnostic frameworks have evolved from the broad Fukuda criteria (1994) through the Canadian Consensus Criteria (2003), to the IOM/NAM framework (2015), which identified post-exertional malaise (PEM) as the hallmark feature, alongside sleep, pain, cognitive, and autonomic/immune disturbances (1–3). More recently, the EUROMENE guidelines (2021) emphasized harmonization of diagnostic and research standards (4).

Recent U.S. survey data estimated a prevalence of 1.3% among adults, with higher rates in women than men (5). A meta-analysis of long COVID cohorts reported that 8.4% fulfilled ME/CFS criteria, underscoring the role of post-viral syndromes in disease burden (6).

In the absence of objective biomarkers, validated symptom assessment scales remain essential for clinical evaluation, disease monitoring, and research comparability (7). This review synthesizes established and emerging instruments across key symptom domains, critically appraises their validity and applicability, and provides comparative tables and practical recommendations to identify suitable tools, highlight limitations, and outline priorities for future research in ME/CFS.



2 Methods

This narrative literature review was conducted by searching PubMed and Web of Science for studies published up to June 2024 using the following search terms: (“myalgic encephalomyelitis” OR “chronic fatigue syndrome” OR ME/CFS) AND (“assessment” OR “scale” OR “questionnaire”) AND (“fatigue” OR “post-exertional malaise” OR “cognition” OR “sleep” OR “pain” OR “psychological state” OR “orthostatic intolerance” OR “quality of life”). Studies were included if they described the development, validation, or clinical application of ME/CFS assessment tools. Non-peer-reviewed articles and studies without psychometric validation were excluded. Scales were selected based on their frequency of use in ME/CFS research, psychometric validation, and clinical applicability. Titles and abstracts were screened by two independent reviewers, and disagreements were resolved by discussion. Additional studies were identified through reference tracking of key articles to ensure comprehensive inclusion of relevant studies. As a narrative review, no formal risk-of-bias assessment was performed, but transparent reporting of the selection criteria was adhered to. For consistency, the term ME/CFS is used throughout this review to refer to studies employing various case definitions, including Fukuda 1994, CCC 2003, and IOM/NAM 2015.



3 Fatigue-related assessment scale

Fatigue is the core symptom of ME/CFS, related scales are widely applied in clinical studies, mostly assessing physical and mental fatigue. With continued refinement, these instruments now cover broader domains and are also used in other fatigue-associated conditions such as cancer (8), multiple sclerosis (9) and epilepsy (10).


3.1 Chalder fatigue questionnaire (CFQ)

The Chalder fatigue scale (CFQ or CFS or FS-14), developed by Butler and refined by Chalder in 1991 (11), is among the most widely used fatigue tools. It contains 14 items measuring physical and mental fatigue and can distinguish fatigued individuals from healthy controls and track fatigue changes in ME/CFS (12). However, Kirke argued that the FS-14 is inadequately captures changes in ME/CFS fatigue. His study found that a two-point reduction in score increases bias toward perceived symptom improvement, whereas a 10-point reduction enhances the accuracy of outcome interpretation (13). To address these limitations, a shortened version, the CFQ-11, was later developed by removing the items “easy start,” “clear thinking,” and “loss of interest,” reducing the total from 14 to 11 items. Items 1–7 assess physical fatigue, and 8–11 assess mental fatigue (14). Structural equation modeling confirmed that the CFQ-11 achieved a better three-factor structure than the FS-14 (15). Although the FS-14 remains widely used in ME/CFS research, the CFQ11 demonstrates improved structural validity and may provide more reliable fatigue assessments.



3.2 Fatigue assessment instrument (FAI)

The fatigue assessment instrument (FAI), developed by Schwartz and Jandorf (16), consists of 29 items assessing the past 2 weeks across four domains: fatigue severity, sensitivity, psychological impact, and the effect on rest or sleep. The scale was designed to measure both the quantitative and qualitative components of fatigue (17), qualitatively to determine whether fatigue is persistent and physiological or transient and physiological in healthy individuals, and quantitatively to evaluate the graded severity of fatigue, with higher total scores indicating more severe symptoms (16). Despite its application in ME/CFS research, psychometric validation remains limited, and further studies are needed to confirm its reliability and validity.



3.3 Fatigue severity scale (FSS)

The fatigue severity scale (FSS), developed by Krupp (18) for multiple sclerosis (MS) and systemic lupus erythematosus (SLE), is now widely applied in studies of ME/CFS (19) and cancer-related fatigue (20). It consists of nine items rated on a seven-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree), with higher scores indicating greater fatigue severity (21). The FSS primarily reflects the impact of fatigue on daily life rather than the intensity of symptoms (22). Psychometric studies have demonstrated high validity, internal consistency, and test-retest reliability, supporting its use in follow-up assessments and treatment evaluation (23).



3.4 Fatigue impact scale (FIS)

The fatigue impact scale (FIS), developed by Fisk in 1994, is a multidimensional instrument designed to evaluate patients' fatigue during the previous month across three domains: cognitive, physical (somatic) and psychological functioning. It primarily reflects the impact of fatigue on patients' ability to perform daily and social activities (24). The FIS comprises 40 items, each rated on a five-point scale from 0 (no fatigue) to 4 (very severe fatigue), with higher scores indicating greater impairment in the respective domain (25). A 21-item modified version (MFIS), retaining the same domains and scoring method, was later adopted by the U.S. National Multiple Sclerosis Society for inclusion in its 1998 Clinical Practice Guidelines as a measure of fatigue impact on daily living (26). The MFIS has since been widely applied in ME/CFS research (19, 27).



3.5 Checklist individual strength (CIS)

The checklist individual strength (CIS), developed by the University Medical Centers of Amsterdam and Rotterdam in 1994, is a multidimensional instrument designed to evaluate self-perceived fatigue over the preceding 1–2 weeks (28). It has been widely applied in studies of ME/CFS (29), cancer (30) and multiple sclerosis (31), as well as in epidemiological studies of healthy working populations. It has also been validated in rheumatoid arthritis (RA) (32) and fibromyalgia (33). The scale comprises 20 items across four domains: fatigue severity, attention, motivation and activity level, each rated on a seven-point Likert scale, with higher scores indicating more severe physical and mental fatigue (34). Psychometric analyses have reported a Cronbach's α of ~0.90, demonstrating high internal consistency, test-retest reliability and sensitivity to change (35), and validated cut-offs for severe fatigue (36). Compared to other scales, the CIS places greater emphasis on cognitive aspects of fatigue in ME/CFS.



3.6 Visual analog scale for fatigue (VAS-F)

The visual analog scale for fatigue (VAS-F), developed by Lee et al. (37), was adapted from general visual analog scales (VAS) previously used to quantify subjective emotional or affective states, and designed as a rapid, quantitative measure of fatigue. It was demonstrated to be a valid and reliable unidimensional measure, and has since been applied in studies of inflammatory bowel disease (38), ME/CFS (27), MS (39), and primary Sjögren's syndrome (pSS) (40). The VAS-F consists of a 100 mm (10 cm) horizontal line, with one end labeled “no tiredness” and the other “maximum tiredness” or “extreme fatigue.” Participants mark a point along the line corresponding to their perceived fatigue intensity at that moment. The distance from the left anchor represents the fatigue score, with larger distances indicating greater fatigue severity. Although the VAS-F provides a simple and efficient measure of fatigue intensity, it cannot differentiate fatigue subcomponents (e.g., emotional, physical, or functional impact), and may be influenced by response bias and scoring variability, limiting its use for diagnostic purposes.



3.7 Other fatigue assessment scales

Additional instruments applied in ME/CFS research include the multidimensional fatigue inventory (MFI) (41), the PedsQL multidimensional fatigue scale (PedsQL-MFS) (42), the functional assessment of chronic illness therapy-fatigue scale (FACIT-F) (43), and the fatigue scale for motor and cognitive functioning (FSMC) (44). Each has distinct structural or dimensional characteristics but is used relatively infrequently, as their target populations or original design contexts differ from those of ME/CFS. The psychometric validity and reliability of these instruments in ME/CFS populations remain to be further established.

Table 1 summarizes the major fatigue-related scales, while detailed characteristics and supporting references for these additional scales are provided in Supplementary Table S1.

TABLE 1 Scales assessing fatigue commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	CFQ
	14 items assessing physical and mental fatigue
	Assesses physical and mental fatigue; widely used; distinguishes fatigued vs. healthy individuals; applicable across conditions
	May overestimate improvement in ME/CFS; limited sensitivity to symptom worsening; no specificity



	FAI
	29 items, four domains (severity, sensitivity, psychological impact, rest/sleep impact)
	Multidimensional assessment; evaluates both qualitative and quantitative fatigue features
	Limited psychometric validation in ME/CFS



	FSS
	Nine items; measures fatigue impact on daily function
	Short, reliable, widely used; emphasizes functional impact of fatigue
	Emphasizes functional impact rather than symptom intensity; weak correlation with fatigue symptoms



	FIS/MFIS
	40/21 items, three domains (cognitive, physical, psychological)
	Multidimensional; reliable; reflects cognitive, physical, and psychosocial fatigue
	May not capture fatigue severity; limited discrimination from depression; possible ceiling effect



	CIS
	20 items, four domains (fatigue severity, attention, motivation, activity level)
	Multidimensional; focuses on cognitive aspects; high internal consistency (α ≈ 0.90); sensitive to change
	Limited sensitivity to long-term fatigue; requires self-report; limited objective validation



	VAS-F
	100 mm line from “no tiredness” to “extreme fatigue”
	Quick; intuitive; quantitative measure of fatigue intensity
	One-dimensional; cannot distinguish fatigue subcomponents; limited scoring precision



	Other scales [MFI (45), PedsQL-MFS (46, 47)]
	Multidimensional or population-specific fatigue measures
	Broaden assessment scope; useful in pediatric, cancer, and neurological populations (45)
	Less frequently validated in ME/CFS





Detailed characteristics and scoring information are provided in Supplementary Table S1.







4 Post-exertional malaise scales

Post-exertional malaise (PEM) is the hallmark symptom distinguishing ME/CFS from other fatigue-related conditions (4, 48), and its evaluation is critical for accurate diagnosis, disease monitoring, and research comparability. Several assessment tools have been developed to capture PEM features from both subjective and objective perspectives. Among them, the DePaul symptom questionnaire PEM subscale (DSQ-PEM) (49), the functional capacity scale (FUNCAP) (50), and the 2-day cardiopulmonary exercise test (2-day CPET) (51) are the most widely cited in current ME/CFS and post-COVID studies. Some multidomain symptom questionnaires or fatigue inventories, though not validated as dedicated PEM tools, still include PEM-related items and have been used exploratorily in clinical studies.


4.1 DePaul symptom questionnaire–PEM subscale (DSQ-PEM)

The DSQ-PEM is a subscale of the DePaul symptom questionnaire, developed by Leonard Jason's group at DePaul University to specifically assess PEM in ME/CFS cohorts (52). It typically includes five core items evaluating the frequency, severity, and duration of post-exertional symptoms such as fatigue relapse, cognitive decline, and flu-like malaise, each rated on a Likert scale from 0 to 4 for both frequency and severity. A symptom is considered positive if it is rated at least “moderate” in severity and occurs at least “half the time” during the past 6 months (53). DSQ-PEM has been validated across multiple languages and applied in post-COVID populations (54, 55). Its main advantages are standardized administration and broad applicability in epidemiological surveys and case definitions (56). However, as a self-report tool, it remains subjective and susceptible to recall bias.



4.2 Two-day cardiopulmonary exercise test (2-day CPET)

The 2-day CPET is an objective physiological test considered the most objective and reproducible measure of PEM (57). It measures cardiopulmonary performance (VO2max, workload, anaerobic threshold) on two consecutive days (58). Unlike healthy individuals, ME/CFS patients typically show a reduction of ≥8%−15% in VO2max or workload on the second day, reflecting impaired recovery and abnormal post-exertional physiology (59). This reproducible finding has been consistently validated in ME/CFS and replicated in long-COVID patients (51, 60). The strengths of 2-day CPET are its objectivity and strong empirical reproducibility, making it a valuable endpoint in clinical research (61). However, it is resource-intensive, requires specialized equipment and trained staff, and imposes a substantial burden on patients, which may limit its feasibility in routine clinical practice (58).



4.3 Functional capacity scale (FUNCAP)

The FUNCAP is a recently developed, patient-informed questionnaire designed to assess post-exertional functional decline in ME/CFS (50). It comprises a concise set of items evaluating activity reduction, physical exhaustion, and recovery delay, each scored on a 0–10 scale. Higher scores reflect greater functional impairment. As a newly introduced tool, FUNCAP has shown promise for capturing PEM with minimal patient burden, offering advantages in brevity, rapid administration, and potential scalability for large-cohort studies. However, current evidence is limited to its initial development and validation study, and further psychometric testing across diverse populations is required to establish diagnostic thresholds and comparability for research applications (50).

Table 2 summarizes the key assessment tools for PEM in ME/CFS, while detailed methodological and psychometric information is provided in Supplementary Table S2.

TABLE 2 Scales assessing PEM commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	DSQ-PEM
	Six items, three dimensions (frequency, severity, duration of post-exertional symptoms); 6-month recall
	Standardized, validated across cohorts; widely used in ME/CFS and post-COVID populations
	Subjective self-report; recall bias; limited sensitivity to short-term changes



	2-day CPET
	Two sessions (two consecutive days); measures VO2max, workload, and anaerobic threshold decline; objective evaluation of post-exertional function
	Objective and reproducible; best-validated physiological measure of PEM; strong empirical evidence
	Resource-intensive; requires specialized equipment and trained staff; high patient burden



	FUNCAP
	Three domains (activity reduction, physical exhaustion, recovery delay); assesses post-exertional functional decline
	Brief and patient-informed; low burden; scalable for large-cohort monitoring
	New tool; limited psychometric validation; diagnostic thresholds not established





See Supplementary Table S2 for detailed characteristics.







5 Cognitive impairment-related assessment tools

Cognitive impairment is a characteristic manifestation of ME/CFS, mainly involving deficits in memory, attention, and information processing that significantly affect learning, occupational performance, and daily functioning (62). Braamse and colleagues reported clinically significant fatigue improvement in 63.2% of ME/CFS patients following cognitive behavioral therapy (CBT) (63), suggesting a close association between fatigue and cognitive dysfunction. Therefore, cognitive assessment is essential for both diagnosis and therapeutic evaluation in ME/CFS, providing standardized and practical measures of cognitive performance.

Cognitive assessment tools are generally classified as subjective or objective. Subjective measures rely on patient self-report to capture perceived difficulties across multiple domains, such as the montreal cognitive assessment (MoCA), the cognitive failure questionnaire (CFQ), and the everyday memory questionnaire (EMQ). Objective tools are performance-based and evaluate specific cognitive functions like attention, processing speed, and memory. They are often combined with self-reported measures to provide a comprehensive cognitive profile, including the trail making test (TMT) and the Wechsler memory scale-third edition (WMS–III) (64).


5.1 Subjective cognitive measures
 
5.1.1 Montreal cognitive assessment (MoCA)

The MoCA, developed by Nasreddine as an enhanced alternative to the mini-mental state examination (MMSE), is a brief screening tool for mild cognitive impairment (MCI) with superior sensitivity and specificity (65). It includes 11 tasks across eight domains: attention and concentration, executive function, short-term memory, language, visuoconstruction, abstraction, calculation, and orientation (66). The total score is 30, with ≥26 considered normal and < 26 indicating cognitive impairment (67). Cut-offs of 21–22 and 19–20 are often used for MCI and Alzheimer's disease, respectively (68). Given its high sensitivity, the MoCA has been applied in ME/CFS to assess cognitive dysfunction. For instance, Murga et al. (66) used it to help differentiate cognitive impairment associated with ME/CFS. However, its performance is strongly influenced by education level, and its diagnostic specificity for dementia (69).



5.1.2 Cognitive failures questionnaire (CFQ-25)

The CFQ-25, developed by Broadbent et al. (70), is a 25-item self-report tool designed to assess perceptual, memory and motor lapses in daily life. It has been widely applied in psychiatry and behavioral research, and is regarded as a useful measure of everyday cognitive errors (71). Each item is rated on a five-point Likert scale (0–4), producing a total score of 0–100, with higher scores indicating more frequent cognitive failures and greater subjective impairment (72). Attree et al. (73) later used the CFQ-25 to evaluate the frequency of perceptual, memory, and motor errors in ME/CFS when exploring psychosocial correlates of cognitive dysfunction. The CFQ-25 provides a global index of subjective cognitive difficulties linked to psychological factors but shows limited correspondence with objective performance, and its clinical interpretation should be cautious (74).



5.1.3 Everyday memory questionnaire (EMQ)

The EMQ, developed by Sunderland et al. (75), is a 28-item self-report tool designed to assess everyday memory difficulties across five domains: retrieval, task monitoring, conversation monitoring, spatial memory, and active memory (76). Each item is rated on a nine-point scale from 1 (not at all in the past 6 months) to 9 (more than once a day), with higher scores indicating greater cognitive impairment. The EMQ has been used to evaluate cognitive dysfunction in ME/CFS when examining the relationship between subjective complaints and objective neuropsychological performance (77). It demonstrates good sensitivity for detecting mild memory problems in healthy populations and can be applied in both children and adults (78). However, its positive predictive value for identifying pathological memory disorders is limited, and it should not be used as a diagnostic tool (79).

Although numerous subjective cognitive measures exist, most have been rarely applied or not yet validated in ME/CFS research, except for the MoCA. Further development and validation of such tools for ME/CFS are warranted.

Table 3 summarizes the available subjective cognitive measures, while Supplementary Table S3 provides detailed information on their psychometric properties, validation evidence, and clinical applicability.

TABLE 3 Subjective cognitive measurement tools commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	MoCA
	11 items, eight domains (attention and concentration, executive function, short-term memory, language, visuoconstruction, abstraction, calculation, and orientation); total 30 (≥26 normal)
	Widely used; multidimensional; high sensitivity and specificity; suitable for screening and efficacy assessment
	Education-dependent; limited diagnostic specificity; cannot identify underlying etiology of cognitive impairment



	CFQ
	25 items; assesses perceptual, memory, and motor lapses over past 6 months (Likert 0–4; total 0–100)
	Reliable internal consistency; assesses everyday cognitive lapses; applicable in ME/CFS research
	Subjective; influenced by psychological factors; limited correspondence with objective cognitive performance



	EMQ
	28 items, five domains (retrieval, task monitoring, conversation monitoring, spatial, active memory); 1–9 frequency-based scale
	Sensitive to mild memory difficulties; applicable across age groups; captures everyday memory variations consistently
	Low predictive validity for pathological memory loss; not suitable for diagnostic use





See Supplementary Table S3 for detailed characteristics.







5.2 Objective cognitive assessment instruments
 
5.2.1 Trail making test (TMT)

The TMT, developed by Reitan et al. (80), is among the most widely used neuropsychological tools in both clinical and research settings and is frequently applied in ME/CFS studies (81). The test comprises two parts, A and B. In TMT-A, participants connect 25 numbered circles in sequence, whereas in TMT-B they alternately connect numbers (1–13) and letters (A–L). The time required to complete each task reflects information-processing speed and executive functioning, with longer completion times indicating poorer performance (82). Kujawski et al. (83) applied the TMT to assess cognitive function in ME/CFS patients and to evaluate the effects of whole-body cryotherapy combined with static stretching. The TMT is simple, quick to administer, and sensitive to executive dysfunction, making it suitable for clinical screening. However, it lacks specificity in differentiating underlying executive processes and provides only a crude, single-metric outcome, limiting its diagnostic precision (84).



5.2.2 Wechsler memory scale-third edition (WMS-III)

The WMS-III, developed by Wechsler in 1997 in the United States, is one of the most widely used neurocognitive batteries in clinical practice (85). It assesses six cognitive domains: verbal comprehension, perceptual organization, processing speed, working memory, auditory memory and visual memory (86). Robinson et al. examined the cognitive manifestations of ME/CFS using the standardized WMS-III and the abbreviated Wechsler abbreviated scale of intelligence (WASI) to derive an overall intelligence quotient (IQ) encompassing vocabulary comprehension, visuoconstruction, verbal reasoning, and nonverbal deductive reasoning. They also used WMS-III subtests, including symbol search, digit symbol coding, digit span, and the family pictures test, to evaluate verbal memory, visual memory, working memory, and psychomotor speed (64). The WMS-III is efficient, practical, and capable of assessing both short- and long-term memory. However, it provides a relatively limited evaluation of broader cognitive domains and is influenced by cultural background, educational level, and examiner variability, which may introduce measurement bias (87).



5.2.3 Other objective cognitive measures

In ME/CFS research, subjective scales are most commonly used to assess cognitive impairment, however, the integration of objective cognitive measures alongside subjective assessments has gained increasing attention. Given the wide range of available objective tools and the absence of standardized testing protocols, only the most frequently applied instruments are summarized here, including the TMT, the WMS-III, the Toulouse-Piéron Test (TP) (66), and the stroop color and word test (Stroop) (88). Most cognitive measurement tools, both subjective and objective, have not yet undergone sufficient psychometric validation in ME/CFS populations, warranting further reliability and applicability studies.

Table 4 summarizes the principal objective cognitive assessment tools, while Supplementary Table S4 provides detailed information on their psychometric properties, validation evidence, and clinical applicability.

TABLE 4 Objective cognitive measurement tools.




	Scale
	Content of the assessment
	Advantages
	Limitations





	TMT
	Two parts (A/B): TMT-A connects numbers 1–25; TMT-B alternates numbers (1–13) and letters (A–L). Assesses processing speed and executive function.
	Sensitive to executive dysfunction; simple, intuitive, and quick; easy to administer
	Low specificity; cannot distinguish multiple executive processes; single and coarse outcome metric



	WMS-III
	Neurocognitive battery assessing six domains: verbal comprehension, perceptual organization, processing speed, working memory, and auditory and visual memory.
	Efficient, practical; assesses both short- and long-term memory
	Limited coverage of broader cognitive domains; influenced by culture and education; examiner variability may introduce measurement bias



	TP
	Assesses selective/sustained attention, perception, and processing speed; outputs include dispersion index (higher = worse) and work efficiency (lower = worse) (89).
	Suitable for screening and treatment evaluation; classic test of attentional performance (66)
	Influenced by age and education; reflects impairment only; non-diagnostic (90)



	Stroop
	Color–word interference task assessing processing speed, attention control, and response inhibition (91).
	Widely applicable; quick to administer; suitable for elderly or easily fatigued individuals
	Influenced by age, education, vision, and sleep; not diagnostic for cognitive impairment (92–94)





See Supplementary Table S4 for detailed characteristics.








6 Assessment of sleep status

Patients with ME/CFS often experience difficulty falling asleep and disrupted circadian rhythms, potentially linked to central hyperadrenergic activity or hypocapnia (95). Kallestad et al. (96) reported that alleviating insomnia severity could reduce fatigue, suggesting that insomnia may act as a maintenance factor for chronic fatigue. Thus, evaluating sleep-related parameters represents a theoretically sound and clinically relevant approach to understanding fatigue in ME/CFS.

Sleep assessment tools are generally classified as subjective or objective. Objective measures more accurately distinguish sleep from wakefulness, whereas subjective scales capture the perceived impact of sleep disturbances on daily functioning (97). As varying measurement approaches may yield different prevalence estimates of sleep disorders within the same cohort (98, 99), selecting appropriate and validated sleep instruments is crucial in ME/CFS research.


6.1 Objective sleep measurement tools
 
6.1.1 Polysomnography (PSG)

Polysomnography (PSG), also known as a sleep electroencephalogram, is considered the gold standard for objective assessment of sleep and sleep-wake rhythms and remains the most widely used objective tool for evaluating sleep parameters in ME/CFS research (100–102). It provides detailed data on sleep architecture, including total sleep time, sleep latency, sleep efficiency, frequency and duration of awakenings, and the proportion of non-rapid eye movement (NREM) and rapid eye movement (REM) sleep (103). PSG can aid in diagnosing insomnia phenotypes and in evaluating the effectiveness of therapeutic interventions both within and outside laboratory (104). PSG records multiple physiological signals from various sensors placed on the body, which are amplified and converted into electrical outputs for analysis. In addition to the electroencephalogram (EEG), standard PSG monitoring includes more than 10 physiological channels, such as electrocardiogram (ECG), electromyogram (EMG), and electro-oculography (EOG) (105). Decker et al. (106) conducted overnight PSG assessments in ME/CFS patients (106), while Neu et al. (107) compared spectral power ratios between ME/CFS and primary insomnia during slow-wave sleep. Despite its comprehensive and accurate evaluation capabilities, PSG is costly, requires specialized technical expertise, and imposes substantial procedural and environmental constraints on participants.



6.1.2 Actigraphy (ACT)

Actigraphy (ACT) offers a convenient, non-invasive, and quantitative approach for objectively assessing sleep-wake patterns. It is particularly useful for infants, young children, and critically ill patients. The device, typically worn on the non-dominant wrist, records rest-activity cycles through motion sensors to infer sleep and wake states (108). Russell and colleagues applied actigraphy to differentiate sleep from wakefulness and to predict next-day fatigue in ME/CFS patients (109). Compared with PSG, actigraphy provides greater comfort, minimal interference with natural sleep, and enables long-term monitoring. However, as it infers sleep from movement rather than neural activity, it cannot distinguish immobile wakefulness from true sleep and may be influenced by comorbidities or motor disorders. To enhance accuracy, actigraphy is often combined with sleep diaries (110).

Table 5 summarizes the objective sleep assessment tools, while Supplementary Table S5 details their psychometric properties, validation evidence, and clinical applicability.

TABLE 5 Objective sleep measurement tools commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	PSG
	Records multi-channel biosignals (EEG, ECG, EMG, EOG) to analyze total sleep time, latency, efficiency, awakenings, and NREM/REM proportions
	Gold-standard; comprehensive and accurate; enables detailed sleep-stage analysis
	Expensive; requires trained technicians; limited accessibility; may disturb natural sleep



	ACT
	Wrist-worn motion sensor monitoring rest–activity cycles to infer sleep and wake states
	Non-invasive; inexpensive; suitable for long-term monitoring; minimal sleep interference
	Cannot differentiate quiet wakefulness from true sleep; influenced by motor disorders; requires concurrent sleep diary





See Supplementary Table S5 for detailed characteristics.







6.2 Subjective sleep scales
 
6.2.1 The Pittsburgh sleep quality index (PSQI)

The Pittsburgh sleep quality index (PSQI), developed by Buysse et al., is one of the most widely used self-rated instruments for assessing sleep quality and disturbances in ME/CFS research. It evaluates seven domains of sleep over the past month: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction (111–113). The scale comprises 19 items, each rated on a 0–3 Likert scale (0 = no difficulty, 3 = severe difficulty), yielding a total score ranging from 0 to 21; higher scores indicate poorer sleep quality, and a global score ≥5 denotes significant sleep disturbance.

Castro-Marrero et al. (114) used the PSQI to assess sleep quality and its impact on quality of life in Spanish ME/CFS patients, while Wei et al. (115) applied it to examine insomnia severity and circadian rhythm alterations associated with serum factors in ME/CFS. Although the PSQI reflects subjective sleep perception and cannot determine the specific etiology of sleep disturbance (116), it assesses both qualitative and quantitative aspects of sleep, differentiates transient from persistent insomnia, and demonstrates strong concordance with PSG findings (117). Owing to its practicality, psychometric validity, and broad applicability, the PSQI remains a reliable and versatile instrument for clinical and research evaluation of sleep in ME/CFS.



6.2.2 Epworth sleepiness scale (ESS)

The Epworth sleepiness scale (ESS), developed by the Epworth Sleep Research Center in Australia, is a self-rated instrument for the subjective assessment of excessive daytime sleepiness (EDS) and has been used alongside the PSQI in ME/CFS studies (118). It evaluates sleep propensity across eight daily situations, including reading, watching television, attending meetings, driving for 1 h during the day, lying down to rest in the afternoon, talking to others, sitting quietly after meals, and driving in traffic or waiting at a light. Each item is rated on a 0–3 Likert scale (0 = never, 3 = often), yielding a total score ranging from 0 to 24; scores of 0–9 indicate normal alertness, 10–15 suggest possible sleepiness, and 16–24 denote excessive sleepiness (119). Cameron (120) used the ESS to assess daytime sleepiness in ME/CFS patients while validating the Flinders fatigue scale as a measure of daytime fatigue. The ESS offers accurate scoring, simple self-administration, and broad applicability, making it one of the most practical instruments for evaluating daytime sleepiness.



6.2.3 Other methods of assessing sleep status

PSG and the PSQI are the most commonly used assessment tools in ME/CFS clinical research. However, many studies have also used additional instruments to evaluate sleep quality from different perspectives, most of which are subjective measures. Commonly used alternatives include the insomnia severity index (ISI) (121) and the sleep diary (122), among others.

Table 6 summarizes the subjective sleep assessment tools, while Supplementary Table S6 provides detailed information on their psychometric properties, validation evidence, and clinical applicability.

TABLE 6 Subjective sleep measurement tools commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	PSQI
	Assesses seven domains: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications and daytime sleep disturbances
	Captures both sleep quality and quantity; distinguishes transient vs. persistent disorders; consistent with PSG
	Subjective bias; cannot identify causes; limited for long-term (>1 month) evaluation.



	ESS
	Assesses the patient's tendency to fall asleep during eight common daily situations.
	Simple, quick, and reliable; suitable for screening
	Evaluates only daytime sleepiness; not diagnostic for sleep disorders



	ISI
	Self-rated assessment of insomnia type, severity, and daily impact during the past month (123)
	Brief, targeted, and useful for screening or outcome tracking (124)
	Emotionally influenced; lacks ME/CFS-specific validation



	Sleep diary
	Daily self-reporting of nighttime sleep and daytime performance (125)
	Easy, low-burden, and provides better accuracy than recall questionnaires (126)
	Highly subjective; low reliability; auxiliary only to objective tools (112)





See Supplementary Table S6 for detailed characteristics.








7 Pain-related assessment tools

ME/CFS is frequently accompanied by pain symptoms such as headache, sore throat, and muscle or joint pain, which often worsen following exertion (127). Pain is recognized as a key accompanying symptom (128). Accordingly, pain assessment tools are essential in both clinical evaluation and research. Commonly used instruments include the visual analog scale (VAS) (129), the numeric rating scale (NRS) (130), and the McGill pain questionnaire (MPQ) (131).


7.1 Visual analog scale (VAS)

The VAS is one of the most commonly used unidimensional instruments for assessing pain intensity. It consists of a 100-mm horizontal line anchored by “no pain” at one end and “severe pain” at the other, where patients indicate their perceived pain level by marking a point along the line (132, 133). Kempke et al. (134) used the VAS to evaluate pain severity in a study examining the association between self-critical or maladaptive perfectionism and ME/CFS. The VAS is simple, quick, sensitive, and relatively objective, making it suitable for assessing pain intensity and comparing pre- and post-treatment effects. However, its use requires a certain level of abstract reasoning, and scores are not directly comparable across individuals (135).



7.2 Numeric rating scale (NRS)

The NRS is a numerical adaptation of the VAS that asks patients to rate their pain intensity on an 11-point scale from 0 to 10, where 0 indicates no pain, 1–3 mild pain, 4–6 moderate pain, and 7–10 severe pain, with 10 representing the most intense pain (136). Thompson et al. (137) used the NRS to evaluate pain severity in ME/CFS patients when examining the association between activity pacing and symptom fluctuation. The NRS is simple, intuitive, and widely used, showing strong concordance with the VAS. However, it requires adequate verbal comprehension and understanding of numerical concepts, and may be influenced by linguistic or cognitive factors, leading to slightly lower sensitivity and accuracy (138, 139).



7.3 McGill pain questionnaire (MPQ)

The MPQ, developed by Melzack (140), is a classic multidimensional instrument for assessing pain across three domains: sensory, affective, and evaluative. It includes 78 descriptors grouped into four categories and 20 subclasses, each arranged in order of increasing intensity. Participants select the words that best describe their pain; if none apply, they may skip the group (141). The MPQ yields three indices: the pain rating index (PRI, calculated from the ordinal values of chosen descriptors), the number of words chosen (NWC), and the present pain intensity (PPI, rated from 0 = no pain to 5 = excruciating pain). Mckay et al. (142) used the MPQ in a quasi-experimental study exploring the relationship between ME/CFS and fibromyalgia to assess pain frequency and intensity. The MPQ is sensitive to treatment-related changes and useful for distinguishing nociceptive and neuropathic pain (143). However, it is lengthy, literacy-dependent, time-consuming, and influenced by demographic factors such as gender and race.



7.4 Other pain assessment scales

In addition to the instruments described above, several other tools have been used to evaluate pain in ME/CFS, including the brief pain inventory (BPI) (144) and the pain catastrophizing scale (PCS) (145).

Table 7 summarizes the pain-related assessment tools, while Supplementary Table S7 provides detailed information on their psychometric properties, validation evidence, and clinical applicability.

TABLE 7 Pain measurement tools commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	VAS
	Assessment of current pain intensity using a 100-mm line from “no pain” to “severe pain”
	Simple; quick; sensitive; quantitative; allows fine-grained measurement of subjective pain; suitable for pre- and post-treatment comparison
	Requires abstract reasoning; unidimensional; not comparable across subjects



	NRS
	Rating of pain intensity on an 11-point scale (0 = no pain, 10 = worst pain)
	Easy to understand; simple; intuitive; high consistency with VAS; widely used in clinical settings
	Requires verbal and numerical understanding; affected by language and cognition; lower sensitivity and accuracy



	MPQ
	Multidimensional assessment of pain (sensory, affective, evaluative dimensions); 78 descriptors in 20 groups
	Sensitive to treatment effects; distinguishes nociceptive and neuropathic pain; comprehensive evaluation
	Lengthy; requires literacy; time-consuming; influenced by gender and ethnicity



	BPI
	Assessment of pain intensity and interference in seven domains: activity, mood, walking, relations, sleep, enjoyment (146, 147)
	Multidimensional; quick; easy to administer; applicable across populations (148)
	Limited validation in ME/CFS; cannot diagnose neuropathic pain



	PCS
	Assessment of pain catastrophizing across three dimensions: rumination, magnification, and helplessness (149)
	Simple; self-reported; convenient; psychometrically validated (150)
	Indirect measure of pain fear; subjective; prone to response bias





See Supplementary Table S7 for detailed characteristics.







8 Psychological state assessment scales

Psychological comorbidities, particularly anxiety and depression, are common in ME/CFS, with prevalence rate reaching 42.2 and 33.3%, respectively (151). Therefore, evaluating psychological status is essential in both clinical and research settings. Commonly used instruments include examiner-rated and self-rated scales. Examiner-rated tools frequently applied in ME/CFS research include the hospital anxiety and depression scale (HADS), the Hamilton anxiety rating scale (HAMA), and the Hamilton depression rating scale (HAMD). Self-rated scales such as the self-rating anxiety scale (SAS), the self-rating depression scale (SDS), and the Beck depression inventory (BDI) are also widely used.


8.1 Hospital anxiety and depression scale (HADS)

The HADS, developed by Zigmond and Snaith (152), is a reliable and valid instrument designed to assess symptoms of anxiety and depression in general medical populations. It consists of two subscales, the anxiety scale (HADS-A) and the depression scale (HADS-D), comprising a total of 14 items, with seven items for each domain. Each item is rated on a four-point Likert scale from 0 to 3, yielding a total score ranging from 0 to 42. A score of 9 or above is generally considered indicative of anxiety or depression (153). Loades and colleagues used the HADS as an outcome measure in a cross-sectional epidemiological study of adolescents with ME/CFS presenting with comorbid anxiety and depression (154). The HADS is independent of somatic symptoms and demonstrates strong discriminative validity for psychological distress in ME/CFS (155). However, its ability to differentiate clearly between anxiety and depression constructs remains uncertain, and psychometric validation specific to ME/CFS populations is still limited, suggesting that reliability may vary across settings.



8.2 Hamilton anxiety rating scale (HAMA) and Hamilton depression rating scale (HAMD)

The HAMA and HAMD, both developed by Hamilton (156, 157), are widely used examiner-rating instruments for evaluating anxiety and depression. The HAMA consists of 14 items that assess psychological and somatic symptoms of anxiety (158), and demonstrates good reliability and validity in reflecting both symptom severity and treatment (159). The 17-item version of the HAMD (HAMD-17) is the most widely used in ME/CFS studies and covers anxiety (psychological and somatic), somatic symptoms (gastrointestinal and general), depression, and insight (160). Both scales use a 0–4 scoring system, with higher scores indicating greater symptom severity and a threshold score of eight suggesting clinical significance (161).

Tingting et al. (162) used the HAMA to assess anxiety and the SDS to evaluate depression in a study on spaced ginger moxibustion for ME/CFS. Although some items overlap, including depressive mood, somatic anxiety, gastrointestinal symptoms, and insomnia, which may blur the distinction between anxiety and depression (163). However, factor analyses support the ability of both scales to detect symptom changes and treatment effects. Owing to their long history of clinical use and demonstrated psychometric robustness, the HAMA and HAMD remain among the most established tools for assessing psychological status in ME/CFS (164).



8.3 Self-rating anxiety scale (SAS) and self-rating depression scale (SDS)

The SAS and SDS, both developed by Zung in 1971, are 20-item, four-point self-report instruments with similar structures and scoring methods (165). The SAS assesses anxiety symptoms aligned with major U.S. psychiatric diagnostic criteria and includes 15 negatively and five positively worded items (166). Although primarily designed for anxiety, it also reflects depressive tendencies due to overlapping affective components (167). The SDS, comprising 10 negative and 10 positive items, focuses primarily on emotional and somatic symptoms of depression (168, 169).

Meng et al. (170) employed both the SAS and the SDS as secondary outcome measures to evaluate the efficacy of different pressure cupping interventions for ME/CFS, alongside fatigue and sleep scales. When used together, these two instruments provide a rapid, reliable, and comprehensive evaluation of anxiety and depression symptoms, as well as their severity and temporal changes in ME/CFS. When combined with the fatigue assessment tools, they can help differentiate ME/CFS from primary anxiety or depressive disorders, although their accuracy may be limited in individuals with lower literacy or cognitive ability.



8.4 Other psychological status assessment scales

In addition to the aforementioned scales, various tools have been employed in ME/CFS studies to assess psychological status, including the BDI, the symptom checklist-90 (SCL-90), the center for epidemiologic studies depression scale (CES-D), and the general health questionnaire (GHQ), among others. Recognizing the inherent subjectivity and time sensitivity of psychometric measures, both clinical and research protocols often combine multiple instruments or integrate self-report with examiner-rated assessments to minimize bias and enhance accuracy.

Table 8 summarizes the psychological state assessment scales, while Supplementary Table S8 provides details on their psychometric properties, validation evidence, and clinical applicability.

TABLE 8 Psychological status measurement tools commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	HADS
	Assesses anxiety and depression simultaneously in general medical populations.
	Examiner-rated scale; unaffected by somatic symptoms; good discriminative validity for psychological distress in ME/CFS
	Limited evidence of psychometric robustness in ME/CFS; difficulty distinguishing anxiety from depression; requires trained raters



	HAMA
	Evaluates psychological and somatic symptoms of anxiety.
	Reliable and valid; reflects symptom severity and treatment response; widely used in clinical trials
	Overlaps with depression-related items; requires professional administration; limited ME/CFS-specific validation



	HAMD
	Assesses depression severity, including anxiety (psychological and somatic), somatic symptoms (general and gastrointestinal), depression, and insight domains
	Sensitive to symptom changes and treatment effects; extensively applied in ME/CFS and psychiatric research
	Item overlap with HAMA; time-consuming; may not clearly separate anxiety from depression constructs



	SAS
	Self-rated affective symptoms of anxiety during the past week.
	Simple, rapid, widely used; captures both anxiety severity and treatment changes
	Subjective self-report; may overestimate comorbidity with depression; less accurate in low-literacy populations



	SDS
	Self-rated emotional and somatic symptoms of depression over the past week.
	Convenient, reliable, and sensitive to treatment-related changes; often combined with fatigue scales in ME/CFS research
	Non-diagnostic; limited accuracy in individuals with cognitive or literacy difficulties



	BDI (171)
	Assesses subjective feelings and cognitive-affective symptoms of depression.
	Reliable and valid; sensitive to clinical change; distinguishes depressive symptom severity (172)
	Does not differentiate depression subtypes; not suitable for illiterate or poorly educated groups



	CES-D (173)
	Evaluates frequency and severity of depressive symptoms, including mood and interpersonal functioning.
	Highly sensitive for screening depressive symptoms; suitable for large-scale or epidemiologic studies (174)
	Cannot diagnose depression or monitor symptom severity; self-report bias



	SCL-90 (175)
	Assess the patient's current/last week somatization, Measures current or recent symptoms of depression, anxiety, hostility, phobia, and psychoticism (176).
	Covers multiple psychological dimensions; allows broad mental health screening
	Highly subjective; not diagnostic; limited clinical specificity for ME/CFS



	GHQ (177)
	Screens for depression, anxiety, insomnia, somatic symptoms, and social dysfunction.
	High sensitivity and specificity; useful for population screening and epidemiological surveys (178)
	Designed for general mental-health screening rather than ME/CFS-specific assessment; unsuitable for tracking treatment effects





See Supplementary Table S8 for detailed characteristics.







9 Orthostatic intolerance (OI) assessment tools

Orthostatic intolerance (OI) has been recognized as a key diagnostic feature of ME/CFS since the 2015 National Academy of Medicine (NAM) criteria (179). The prevalence of OI symptoms is ~82% in adults and 96% in adolescents with ME/CFS, making it an important distinguishing characteristic from other disorders. OI encompasses a spectrum of symptoms induced by upright posture, including delayed orthostatic hypotension, reflex syncope, and postural tachycardia syndrome (POTS) (180). These manifestations are primarily associated with reduced cardiovascular and cerebral blood flow and activation (181). Assessment tools for OI include objective measures such as changes in blood pressure (BP), heart rate (HR), and cerebral blood flow during provocation, as well as subjective evaluations obtained through self-rated or examiner-rated questionnaires.


9.1 Objective OI assessment tools
 
9.1.1 Head-up tilt test (HUT)

The head-up tilt test (HUT), first introduced into clinical use by Kenny et al. (182), was designed to assess physiological responses to upright posture. In this procedure, the subject lies supine on a tilt table for 10 min under continuous BP and ECG monitoring. BP and HR are measured every 5 min (three times), then every minute for the first 5 min after tilting to 70 °, and subsequently every 5 min for 30 min. If dizziness, syncope, or loss of consciousness occurs, measurements are repeated every 30 s and the test terminated if the subject becomes unconscious (183). van Campen et al. (184) reported abnormal cerebral blood flow reduction in about 90% of ME/CFS patients during HUT, along with hemodynamic, HR, BP, and end-expiratory CO2 changes. HUT is widely used in ME/CFS studies to evaluate orthostatic hypotension, chronic orthostatic intolerance, and unexplained syncope, aiding in the identification of OI as a comorbid feature (185). However, it requires professional supervision and may yield false-positive (186).



9.1.2 Active 10-min standing test (AST)

The active 10-min standing test (AST), first applied by Ash-Bernal et al. (187), was used to assess autonomic and vestibular responses to upright posture in ME/CFS. During the test, patients stand quietly for 10 min without moving their feet while HR and BP are continuously monitored. The test is considered failed if the patient cannot maintain the standing position and discontinues the test because of palpitations, dizziness, pallor, fatigue, weakness, lightheadedness, tremor, or nausea (188). Miwa et al. (189) evaluated AST and postural orthostatic tachycardia in ME/CFS, demonstrating that autonomic imbalance contributes to OI. Compared with the HUT, AST is less frequently used in ME/CFS studies because of its lower specificity, sensitivity, and positive predictive value (190).

Table 9 summarizes the objective measurement tools for OI, while Supplementary Table S9 provides details on their psychometric properties, validation evidence, and clinical applicability.

TABLE 9 OI objective measurement tools commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	HUT
	Measure BP, HR, or cerebral blood flow by changing subject's position (from lying to tilted)
	Simple, safe, non-invasive; effective for diagnosing vasovagal syncope; high specificity and sensitivity
	Requires professional operation; not suitable for all patients; false-positive results possible



	AST
	Stand for 10 min without changing foot position and take measurements such as HR and BP during the standing test
	Convenient and easy to perform; detects sympathetic responses to upright posture
	Low specificity, sensitivity, and positive predictive value; prone to misinterpretation during administration and interpretation





See Supplementary Table S9 for detailed characteristics.







9.2 Subjective evaluation scales for OI
 
9.2.1 Composite autonomic symptom score-31 (COMPASS-31)

The composite autonomic symptom score-31 (COMPASS-31), developed by Sletten et al. (191), is a simplified version of the original 84-item COMPASS questionnaire. It includes six domains, namely orthostatic intolerance, vasomotor, secretomotor, pupillary motility, gastrointestinal transport and bladder function, with total scores ranging from 0 to 100, where higher scores indicate more severe autonomic symptoms. COMPASS-31 is useful for identifying patients with suspected autonomic dysfunction, monitoring symptom severity, and evaluating treatment response, showing good discrimination of autonomic abnormalities in ME/CFS (192, 193). Martin et al. (194) applied COMPASS-31 to assess autonomic function in fibromyalgia and ME/CFS, correlating the results with biomarkers of gut barrier dysfunction and bacterial translocation. Despite increasing recognition of OI as a diagnostic feature of ME/CFS, related assessment tools remain limited, and further validation of OI-specific instruments is needed.



9.2.2 Orthostatic grading scale (OGS)

The orthostatic grading scale (OGS), developed by Schrezenmaier et al. in 2005 (195), is a self-report questionnaire designed to assess symptoms of OI caused by orthostatic hypotension (195). It comprises five items, including frequency, severity, triggering situations, standing time, and impact on daily activities, with each item scored from 0 to 4 to yield a total score ranging from 0 to 20, where higher scores indicate more severe autonomic dysfunction (196). OGS has been used by Costigan and Jones and their colleagues to evaluate orthostatic symptoms in ME/CFS (196, 197).

Table 10 summarizes the subjective evaluation scales for OI, while Supplementary Table S10 provides details on their psychometric properties, validation evidence, and clinical applicability.

TABLE 10 OI subjective measurement tools commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	COMPASS-31
	Evaluates severity of upright intolerance across six domains: orthostatic intolerance, vasomotor, secretomotor, pupillomotor, gastrointestinal, and bladder function.
	Convenient self-report; tracks autonomic severity and treatment response; sensitive to autonomic deficits in ME/CFS
	Not ME/CFS-specific and partly subjective, limiting precision for disease-specific assessment



	OGS
	Assess frequency, severity, triggering scenarios, duration of standing, and impact on daily activities of orthostatic symptoms.
	Rapid, reliable screening correlated with autonomic tests; simple to administer
	Not validated in ME/CFS; useful only for preliminary screening, not diagnostic for OI





See Supplementary Table S10 for detailed characteristics.








10 Multi-dimensional health scales

In modern healthcare, the definition of health has expanded beyond the absence of disease to encompass overall wellbeing, making health-related quality of life (HRQoL) an essential outcome measure. The ultimate goal of medical treatment is not only to alleviate symptoms but also to enhance patients' physical, psychological, and social functioning. Evaluating and improving multidimensional health status during and after treatment is therefore particularly important for functional disorders such as ME/CFS (198). Commonly used multidimensional health assessment instruments include the 36-item short form health survey (SF-36), the abbreviated world health organization quality of life questionnaire (WHOQoL-BREF), and the EuroQol five dimensions questionnaire (EQ-5D).


10.1 36-item short form health survey (SF-36)

The SF-36 evolved from the earlier medical outcomes study short form (MOS SF) questionnaires first described by Stewart et al. (199), with the finalized 36-item version later developed by Ware and Sherbourne (200). It is one of the most widely used self-report instruments for evaluating health-related QoL across diverse populations. The SF-36 assesses physical, psychological, and social functioning, as well as overall health status, with total scores ranging from 0 to 100, where lower scores indicate poorer health (201). Kim et al. (202) reported that 30.9% of randomized controlled trials (RCTs) on ME/CFS employed the SF-36 to examine QoL outcomes. However, certain items may be overly sensitive and fail to distinguish moderate-to-severe ME/CFS cases, while the instrument's length may limit its practicality in large-scale surveys (203).



10.2 EuroQol five dimensions questionnaire (EQ-5D)

The EQ-5D, developed by the EuroQol Group in 2001, is a standardized instrument for measuring health status in clinical and population studies (204). Several versions exist, including EQ-5D-3L, EQ-5D-5L, and the youth version, EQ-5D-Y (205). The EQ-5D-3L comprises the descriptive system and the visual analog scale (EQ-VAS), with the descriptive system assessing five key dimensions, namely mobility, self-care, usual activities, pain or discomfort, and anxiety or depression, each rated at three levels: no problems, some problems, and extreme problems (206). The EQ-VAS records self-rated health on a 0–100 vertical scale, where 0 represents the worst and 100 the best imaginable health (207). To improve sensitivity and reduce ceiling effects, the EuroQol group developed the EQ-5D-5L, which expands each dimension to five response levels (208). Mapping studies have shown that the EQ-5D-5L provides greater reliability across different ages and genders (209). In ME/CFS research, Salonen et al. (27) applied the EQ-5D-3L to assess changes in health-related QoL after fecal microbiota transplantation, whereas Orji et al. (210) used the EQ-5D-5L in a cross-sectional study of Australian patients.



10.3 World health organization quality of life questionnaire (WHOQOL-BREF)

The WHOQOL-BREF (211), developed by the WHOQOL group as an abbreviated version of WHOQOL-100, is a cross-cultural instrument designed to assess QoL across diverse populations. It consists of 26 items covering four domains: physical health, psychological health, social relationships, and environment. Each item is rated on a five-point Likert scale ranging from “not at all” to “extremely,” and domain scores are calculated by averaging item values and multiplying by four. The weighted sum of domain scores provides the overall QoL score, with higher scores indicating better quality of life (212). Brittain et al. (213) applied WHOQOL-BREF to evaluate QoL among individuals with ME/CFS and their family members. Although it lacks the detailed assessment of 24 specific QoL facets included in the WHOQOL-100, its brevity and ease of administration make it suitable for clinical research and trials where time constraints or participant burden limit the use of longer instruments.



10.4 Other multidimensional health scales

In addition to the above instruments, the Nottingham health profile (NHP) and the sickness impact profile (SIP) have also been used in ME/CFS research. QoL scales are generally broad and nonspecific, mainly used for overall health assessment in clinical and research contexts. Few QoL tools are included in ME/CFS studies, and most capture symptoms that partly overlap with psychological, sleep, or functional domains. When selecting multidimensional health measures, it is important to consider not only overall health status but also the ability to reflect other relevant symptoms for a more comprehensive evaluation.

Table 11 summarizes the commonly used multi-dimensional health scales, while Supplementary Table S11 provides details on their psychometric properties, validation evidence, and clinical applicability.

TABLE 11 Multi-dimensional health scales commonly used in ME/CFS.




	Scale
	Content of the assessment
	Advantages
	Limitations





	SF-36
	Assesses HRQoL across eight domains: physical functioning, physical role, bodily pain, general health, vitality, social functioning, emotional role, and mental health.
	Simple and widely applicable; enables comparison of physical, psychological, and social functioning among individuals
	Fails to effectively distinguish moderate-to-severe ME/CFS cases; limited feasibility in large-scale surveys



	EQ-5D
	Describes health status across five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression
	Reliable and specific; EQ-5D-5L provides improved accuracy and reduced ceiling effects
	EQ-5D-3L shows low sensitivity to small health changes; EQ-5D-5L is more complex and time-consuming to administer



	WHOQOL-BREF
	Evaluates four HRQoL domains: physical, psychological, social relationships, and environment.
	Brief and convenient; suitable for studies with time constraints or high respondent burden
	Does not comprehensively assess 24 detailed QoL facets of the WHOQOL-100; prone to subjective bias



	NHP (214)
	Includes two parts: health questionnaire (six domains—physical activity, pain, social isolation, emotional response, energy, sleep) and personal life issues (seven aspects of daily life) (215).
	High sensitivity; covers sleep and pain dimensions relevant to ME/CFS populations
	The first part lacks a total score and full health evaluation; the second part is vague and less weighted



	SIP
	A 136-item tool assessing impairment in 12 dimensions, including occupation, interpersonal relationships, family management, and physical health (216).
	Comprehensive coverage with well-defined and weighted indicators (217)
	Time-consuming; requires patient communication to confirm that impairments are health-related





See Supplementary Table S11 for detailed characteristics.







11 Discussion

Behavioral assessments are essential in ME/CFS research and clinical management, covering fatigue, cognition, psychology, pain, sleep, orthostatic intolerance, and multidimensional health aspects. Recent developments have introduced multidimensional tools such as the Munich-Berlin symptom questionnaire (MBSQ), which systematically assesses PEM, cognitive dysfunction, and autonomic symptoms across different age groups (218). Similarly, the COVID-19 Yorkshire rehabilitation scale (C19-YRS), although originally developed for post-COVID syndrome, shares substantial symptom overlap with ME/CFS (219). These advances reflect the convergence between ME/CFS and post-infectious fatigue syndromes, highlighting the need for harmonized multidomain assessment tools.

The diversity of existing scales mirrors the heterogeneity of ME/CFS. Tools focusing solely on fatigue risk underdiagnosis or misdiagnosis, whereas excessive emphasis on secondary symptoms may reduce specificity. A comprehensive multidimensional approach therefore remains crucial. This review summarizes current tools and their psychometric properties to guide appropriate scale selection and promote the development of standardized, reliable instruments for ME/CFS and related post-infectious conditions.


11.1 The impact of different populations (children, older adults, and post-COVID ME/CFS) and individual differences on the selection and outcomes of assessment scales

Physiological and psychological characteristics that vary across age groups and populations can lead to distinct manifestations and assessment outcomes of ME/CFS symptoms. Children and older adults often present different symptom patterns and coping mechanisms, indicating that instruments designed for adults may not be fully applicable to these groups. For instance, children tend to exhibit greater emotional and behavioral disturbances, whereas older adults experience more pronounced physical decline (220). Furthermore, patients with post-COVID ME/CFS share many core symptoms with traditional ME/CFS but may present with more complex or overlapping mechanisms involving autonomic, inflammatory, and neurocognitive domains (221). These differences highlight the importance of using assessment tools with higher sensitivity and specificity to detect subtle variations across populations. Therefore, the development and validation of population-adapted or age-specific instruments are essential to ensure accurate symptom characterization and enhance the clinical and research applicability of ME/CFS assessments.



11.2 The importance of appropriate assessment tools in long-term management of ME/CFS

Selecting appropriate assessment tools is essential for the long-term management of ME/CFS. Validated instruments enable clinicians to accurately evaluate symptom severity and functional status, forming the basis for individualized treatment planning. Standardized tools also facilitate monitoring of symptom changes, allowing timely adjustment of therapeutic strategies and improvement of patients' overall health and functioning. In research, consistent use of validated measures supports reliable data collection and enhances comparability across clinical trials (222).

Although many existing scales demonstrate acceptable reliability and validity, most remain subjective and prone to observer or recall bias. Some studies rely solely on fatigue-related tools, which may increase measurement error. Combining multiple instruments and integrating subjective questionnaires with objective indicators, such as physiological or digital measures, can improve accuracy and reduce bias. Furthermore, factors such as test duration and patients' health status should be considered when selecting instruments to ensure feasibility, reproducibility, and clinical relevance.



11.3 The necessity for developing emerging assessment tools

As understanding of ME/CFS continues to advance, the limitations of existing instruments have become increasingly evident, especially in the context of post-COVID ME/CFS and other post-infectious syndromes. Developing novel assessment approaches is therefore essential to address unmet clinical and research needs. Future instruments should integrate recent clinical and neurobiological findings and adopt flexible, multidimensional frameworks capable of capturing both subjective experiences and objective indicators. For example, tools combining biomarker analysis with patient-reported outcomes may allow a more comprehensive evaluation of disease status. In addition, the growing use of digital health technologies, including mobile applications and wearable monitoring systems, provides opportunities for real-time assessment and longitudinal tracking of symptoms (223, 224). The development and validation of such innovative instruments will enhance diagnostic precision and support more individualized management strategies for patients with ME/CFS.



11.4 The standardization and normalization development model for ME/CFS symptom assessment

The standardization and normalization of ME/CFS symptom assessment are crucial for improving diagnostic accuracy and enhancing treatment outcomes. Establishing unified assessment standards and procedures can ensure consistency and comparability of results across healthcare and research settings, thereby facilitating longitudinal monitoring and inter-institutional collaboration. International cooperation and multicenter studies are particularly important, as they allow integration of data from diverse regions and populations to refine, validate, and update assessment tools (225). In parallel, advances in artificial intelligence and big data analytics offer opportunities to develop adaptive and personalized assessment systems capable of real-time evaluation and feedback based on individual symptom profiles. The integration of these technologies within standardized frameworks will further promote the objectivity, reproducibility, and clinical applicability of ME/CFS assessments, ultimately supporting precision diagnosis and evidence-based management.



11.5 Practical recommendations for selecting ME/CFS assessment scales

To facilitate the selection of appropriate instruments for clinical and research applications, Table 12 summarizes recommended and less recommended scales by symptom domain, considering their psychometric evidence, sensitivity, and applicability across populations.

TABLE 12 Practical recommendations for commonly used ME/CFS assessment tools.




	Symptom domain
	Recommended tools (adults)
	Pediatric/special populations
	Not recommended/limited use
	Primary application





	Fatigue
	CFQ-11; FIS/MFIS; FACIT-F; CIS
	PedsQL-MFS
	VAS-F (unidimensional); FAI (limited psychometrics)
	Clinical grading; research outcomes



	Post-exertional malaise
	DSQ-PEM; 2-day CPET; FUNCAP (emerging)
	—
	Generic fatigue tools without PEM items
	Diagnosis/phenotyping; monitoring post-exertional change



	Cognition
	MoCA (screening); TMT; WMS-III
	—
	MMSE (low sensitivity); CFQ-25 alone (subjective only)
	Objective/subjective evaluation; follow-up



	Sleep
	PSQI; actigraphy; PSG; ESS (for EDS)
	—
	Sleep diary alone (qualitative only)
	Sleep quality profiling; circadian/architecture assessment



	Pain
	NRS; MPQ; BPI
	—
	VAS alone (comparability limits)
	Pain intensity and impact; trial endpoints



	Psychological state
	HADS; BDI; (HAMD/HAMA when clinician-rated)
	Adolescents: HADS (with caution)
	SAS/SDS (education bias); CES-D, GHQ (non-specific)
	Screening/monitoring anxiety and depression



	Orthostatic intolerance (OI)
	HUT (objective); COMPASS-31 (subjective)
	—
	AST stand-alone (lower specificity)
	Autonomic assessment; diagnostic clarification



	Multi-dimensional health (QoL/HRQoL)
	SF-36; EQ-5D-5L; WHOQOL-BREF
	WHOQOL-BREF (time-limited settings)
	NHP, SIP (time-consuming, broad)
	Global health status; longitudinal tracking









12 Conclusion and practical recommendations

This review highlights the heterogeneity of symptom assessment in ME/CFS and underscores the need for standardized, multidimensional, and psychometrically robust instruments. Based on the current evidence, the CFQ-11, DSQ-PEM, PSQI, HADS, and SF-36 emerge as the most validated tools for adult ME/CFS, while newer instruments such as FUNCAP and MBSQ show potential in post-COVID and pediatric populations. Future work should focus on international harmonization, cross-validation, and integration of digital or AI-assisted monitoring systems to support personalized assessment and clinical translation.

Collectively, these efforts will advance the precision, reproducibility, and clinical applicability of ME/CFS symptom assessment, ultimately improving diagnosis and patient outcomes.



Author contributions

JL: Conceptualization, Investigation, Methodology, Project administration, Visualization, Writing – original draft, Writing – review & editing. WS: Conceptualization, Data curation, Methodology, Writing – original draft, Writing – review & editing. SL: Conceptualization, Supervision, Writing – original draft, Writing – review & editing. YQ: Conceptualization, Methodology, Visualization, Writing – original draft, Writing – review & editing. TL: Conceptualization, Methodology, Visualization, Writing – original draft, Writing – review & editing. SG: Conceptualization, Methodology, Visualization, Writing – original draft, Writing – review & editing. CF: Conceptualization, Methodology, Visualization, Writing – original draft, Writing – review & editing. TY: Conceptualization, Methodology, Resources, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The project was supported by National Natural Science Foundation of China projects (82305394; 82074539); Outstanding Youth Project of Heilongjiang Provincial Natural Science Foundation (YQ2023H019); Youth Talent Support Project of the Chinese Association of Traditional Chinese Medicine (2023-QNRC2-A04); Cooperative scientific research project of “Chunhui Plan” of the Ministry of Education (HZKY20220308-202201357); Post-doctoral Program of Heilongjiang Province (LBH-Z23281); Youth Talent Support Project of the Heilongjiang Provincial Association of Traditional Chinese Medicine (2022-QNRC1-05); Research Project of Traditional Chinese Medicine in Heilongjiang Province (ZHY2022-136); Heilongjiang Province Youth Qihuang Scholars Training Project (Hei Traditional Chinese Medicine Teaching Letter [2023] No.36).



Conflict of interest

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.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1618272/full#supplementary-material



References

 1. Committee on the Diagnostic Criteria for Myalgic Encephalomyelitis/Chronic Fatigue Syndrome; Board on the Health of Select Populations; Institute of Medicine. Beyond Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Redefining an Illness. Washington, DC: National Academies Press (2015).

 2. Bruce M, Carruthers AKJK, Peterson NGKA. Myalgic encephalomyelitis/chronic fatigue syndrome. J Chronic Fatigue Syndr. (2003) 1:7–115. doi: 10.1300/J092v11n01_02

 3. 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

 4. Nacul L, Authier FJ, Scheibenbogen C, Lorusso L, Helland IB, Martin JA, et al. European network on myalgic encephalomyelitis/chronic fatigue syndrome (EUROMENE): expert consensus on the diagnosis, service provision, and care of people with ME/CFS in Europe. Medicina. (2021) 57:510. doi: 10.3390/medicina57050510

 5. Vahratian A, Lin JS, Bertolli J, Unger ER. Myalgic encephalomyelitis/chronic fatigue syndrome in adults: United States, 2021-2022. NCHS Data Brief . (2023) 488:1–8. doi: 10.15620/cdc:134504

 6. Salari N, Khodayari Y, Hosseinian-Far A, Zarei H, Rasoulpoor S, Akbari H, et al. Global prevalence of chronic fatigue syndrome among long COVID-19 patients: a systematic review and meta-analysis. Biopsychosoc Med. (2022) 16:21. doi: 10.1186/s13030-022-00250-5

 7. Kim DY, Lee JS, Son CG. Systematic review of primary outcome measurements for chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) in randomized controlled trials. J Clin Med. (2020) 9:3463. doi: 10.3390/jcm9113463

 8. Bower JE. Cancer-related fatigue–mechanisms, risk factors, and treatments. Nat Rev Clin Oncol. (2014) 11:597–609. doi: 10.1038/nrclinonc.2014.127

 9. Johansson K, Wasling P, Axelsson M. Fatigue, insomnia and daytime sleepiness in multiple sclerosis versus narcolepsy. Acta Neurol Scand. (2021) 144:566–75. doi: 10.1111/ane.13497

 10. Syed MJ, Millis SR, Marawar R, Basha MM, Zutshi D. Rasch analysis of fatigue severity scale in patients with epilepsy. Epilepsy Behav. (2022) 130:108688. doi: 10.1016/j.yebeh.2022.108688

 11. Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely S, Wright D, et al. Development of a fatigue scale. J Psychosom Res. (1993) 37:147–53. doi: 10.1016/0022-3999(93)90081-P

 12. Adamson J, Ali S, Santhouse A, Wessely S, Chalder T. Cognitive behavioural therapy for chronic fatigue and chronic fatigue syndrome: outcomes from a specialist clinic in the UK. J R Soc Med. (2020) 113:394–402. doi: 10.1177/0141076820951545

 13. Kirke KD. Measuring improvement and deterioration in myalgic encephalomyelitis/chronic fatigue syndrome: the pitfalls of the Chalder fatigue questionnaire. J R Soc Med. (2021) 114:54. doi: 10.1177/0141076820977843

 14. Jackson C. The Chalder fatigue scale (CFQ 11). Occup Med. (2015) 65:86. doi: 10.1093/occmed/kqu168

 15. Jing MJ, Lin WQ, Wang Q, Wang JJ, Tang J, Jiang ES, et al. Reliability and construct validity of two versions of Chalder fatigue scale among the general population in mainland china. Int J Environ Res Public Health. (2016) 13:147. doi: 10.3390/ijerph13010147

 16. Schwartz JE, Jandorf L, Krupp LB. The measurement of fatigue: a new instrument. J Psychosom Res. (1993) 37:753–62. doi: 10.1016/0022-3999(93)90104-N

 17. Xue K, Wang Y, Wang X, Chen P, Xiao C, Fu J, et al. The efficacy and safety of moxibustion for chronic fatigue syndrome: a protocol for systematic review and meta-analysis. Medicine. (2021) 100:e25742. doi: 10.1097/MD.0000000000025742

 18. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue severity scale. Application to patients with multiple sclerosis and systemic lupus erythematosus. Arch Neurol. (1989) 46:1121–3. doi: 10.1001/archneur.1989.00520460115022

 19. Kujawski S, Cossington J, Slomko J, Zawadka-Kunikowska M, Tafil-Klawe M, Klawe JJ, et al. Relationship between cardiopulmonary, mitochondrial and autonomic nervous system function improvement after an individualised activity programme upon chronic fatigue syndrome patients. J Clin Med. (2021) 10:1542. doi: 10.3390/jcm10071542

 20. Mostafaei F, Azizi M, Jalali A, Salari N, Abbasi P. Effect of exercise on depression and fatigue in breast cancer women undergoing chemotherapy: a randomized controlled trial. Heliyon. (2021) 7:e7657. doi: 10.1016/j.heliyon.2021.e07657

 21. Rosa K, Fu M, Gilles L, Cerri K, Peeters M, Bubb J, et al. Validation of the fatigue severity scale in chronic hepatitis C. Health Qual Life Outcomes. (2014) 12:90. doi: 10.1186/1477-7525-12-90

 22. Taylor RR, Jason LA, Torres A. Fatigue rating scales: an empirical comparison. Psychol Med. (2000) 30:849–56. doi: 10.1017/S0033291799002500

 23. Armutlu K, Korkmaz NC, Keser I, Sumbuloglu V, Akbiyik DI, Guney Z, et al. The validity and reliability of the fatigue severity scale in Turkish multiple sclerosis patients. Int J Rehabil Res. (2007) 30:81–5. doi: 10.1097/MRR.0b013e3280146ec4

 24. Fisk JD, Ritvo PG, Ross L, Haase DA, Marrie TJ, Schlech WF. Measuring the functional impact of fatigue: initial validation of the fatigue impact scale. Clin Infect Dis. (1994) 18 Suppl 1:S79–83. doi: 10.1093/clinids/18.Supplement_1.S79

 25. Frith J, Newton J. Fatigue impact scale. Occup Med. (2010) 60:159. doi: 10.1093/occmed/kqp180

 26. Johansson S, Skjerbaek AG, Norgaard M, Boesen F, Hvid LG, Dalgas U. Associations between fatigue impact and lifestyle factors in people with multiple sclerosis - the Danish MS hospitals rehabilitation study. Mult Scler Relat Disord. (2021) 50:102799. doi: 10.1016/j.msard.2021.102799

 27. Salonen T, Jokinen E, Satokari R, Lahtinen P. Randomized, double-blinded, placebo-controlled pilot study: efficacy of faecal microbiota transplantation on chronic fatigue syndrome. J Transl Med. (2023) 21:513. doi: 10.1186/s12967-023-04227-y

 28. Vercoulen JH, Swanink CM, Fennis JF, Galama JM, van der Meer JW, Bleijenberg G. Dimensional assessment of chronic fatigue syndrome. J Psychosom Res. (1994) 38:383–92. doi: 10.1016/0022-3999(94)90099-X

 29. Kim DY, Lee JS, Park SY, Kim SJ, Son CG. Correction to: systematic review of randomized controlled trials for chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME). J Transl Med. (2020) 18:492. doi: 10.1186/s12967-020-02603-6

 30. Poort H, Peters M, van der Graaf W, Nieuwkerk PT, van de Wouw AJ, Nijhuis-van DSM, et al. Cognitive behavioral therapy or graded exercise therapy compared with usual care for severe fatigue in patients with advanced cancer during treatment: a randomized controlled trial. Ann Oncol. (2020) 31:115–22. doi: 10.1016/j.annonc.2019.09.002

 31. Heine M, van den Akker LE, Blikman L, Hoekstra T, van Munster E, Verschuren O, et al. Real-time assessment of fatigue in patients with multiple sclerosis: how does it relate to commonly used self-report fatigue questionnaires? Arch Phys Med Rehabil. (2016) 97:1887–94. doi: 10.1016/j.apmr.2016.04.019

 32. Repping-Wuts H, Fransen J, van Achterberg T, Bleijenberg G, van Riel P. Persistent severe fatigue in patients with rheumatoid arthritis. J Clin Nurs. (2007) 16:377–83. doi: 10.1111/j.1365-2702.2007.02082.x

 33. De Wandele I, Calders P, Peersman W, Rimbaut S, De Backer T, Malfait F, et al. Autonomic symptom burden in the hypermobility type of Ehlers-Danlos syndrome: a comparative study with two other EDS types, fibromyalgia, and healthy controls. Semin Arthritis Rheum. (2014) 44:353–61. doi: 10.1016/j.semarthrit.2014.05.013

 34. Hewlett S, Dures E, Almeida C. Measures of fatigue: Bristol rheumatoid arthritis fatigue multi-dimensional questionnaire (BRAF MDQ), Bristol rheumatoid arthritis fatigue numerical rating scales (BRAF NRS) for severity, effect, and coping, Chalder fatigue questionnaire (CFQ), checklist individual strength (CIS20R and CIS8R), fatigue severity scale (FSS), functional assessment chronic illness therapy (fatigue) (FACIT-F), multi-dimensional assessment of fatigue (MAF), multi-dimensional fatigue inventory (MFI), pediatric quality of life (PedsQL) multi-dimensional fatigue scale, profile of fatigue (ProF), short form 36 vitality subscale (SF-36 VT), and visual analog scales (VAS). Arthritis Care Res. (2011) 63 Suppl 11:S263–86. doi: 10.1002/acr.20579

 35. Beurskens AJ, Bultmann U, Kant I, Vercoulen JH, Bleijenberg G, Swaen GM. Fatigue among working people: validity of a questionnaire measure. Occup Environ Med. (2000) 57:353–7. doi: 10.1136/oem.57.5.353

 36. Worm-Smeitink M, Gielissen M, Bloot L, van Laarhoven H, van Engelen B, van Riel P, et al. The assessment of fatigue: psychometric qualities and norms for the checklist individual strength. J Psychosom Res. (2017) 98:40–6. doi: 10.1016/j.jpsychores.2017.05.007

 37. Lee KA, Hicks G, Nino-Murcia G. Validity and reliability of a scale to assess fatigue. Psychiatry Res. (1991) 36:291–8. doi: 10.1016/0165-1781(91)90027-M

 38. Truyens M, Lobaton T, Ferrante M, Bossuyt P, Vermeire S, Pouillon L, et al. Effect of 5-hydroxytryptophan on fatigue in quiescent inflammatory bowel disease: a randomized controlled trial. Gastroenterology. (2022) 163:1294–305. doi: 10.1053/j.gastro.2022.07.052

 39. Linnhoff S, Haghikia A, Zaehle T. Cognitive fatigue-related sensory gating deficits in people with multiple sclerosis. Neurobiol Dis. (2023) 176:105950. doi: 10.1016/j.nbd.2022.105950

 40. Bowman SJ, Everett CC, O'Dwyer JL, Emery P, Pitzalis C, Ng WF, et al. Randomized controlled trial of rituximab and cost-effectiveness analysis in treating fatigue and oral dryness in primary Sjogren's syndrome. Arthritis Rheumatol. (2017) 69:1440–50. doi: 10.1002/art.40093

 41. Xie F, You Y, Guan C, Xu J, Yao F. The qigong of prolong life with nine turn method relieve fatigue, sleep, anxiety and depression in patients with chronic fatigue syndrome: a randomized controlled clinical study. Front Med. (2022) 9:828414. doi: 10.3389/fmed.2022.828414

 42. Simila WA, Halsteinli V, Helland IB, Suvatne C, Elmi H, Ro TB. Health-related quality of life in Norwegian adolescents living with chronic fatigue syndrome. Health Qual Life Outcomes. (2020) 18:170. doi: 10.1186/s12955-020-01430-z

 43. Lee EQ, Muzikansky A, Drappatz J, Kesari S, Wong ET, Fadul CE, et al. A randomized, placebo-controlled pilot trial of armodafinil for fatigue in patients with gliomas undergoing radiotherapy. Neuro Oncol. (2016) 18:849–54. doi: 10.1093/neuonc/now007

 44. Plow M, Gunzler DD. Disentangling self-reported fatigue, depression, and cognitive impairment in people with multiple sclerosis. Mult Scler Relat Disord. (2022) 61:103736. doi: 10.1016/j.msard.2022.103736

 45. Hinz A, Benzing C, Brahler E, Zenger M, Herzberg PY, Finck C, et al. Psychometric properties of the multidimensional fatigue inventory (MFI-20), derived from seven samples. J Pain Symptom Manage. (2020) 59:717–23. doi: 10.1016/j.jpainsymman.2019.12.005

 46. Varni JW, Burwinkle TM, Szer IS. The PedsQL multidimensional fatigue scale in pediatric rheumatology: reliability and validity. J Rheumatol. (2004) 31:2494–500.

 47. Smout MF, Manzoni GM, Guerrini-Usubini A, Caroli D, De Col A, Castelnuovo G, et al. Responsiveness of the Italian version of the pediatric quality of life multidimensional fatigue scale in adult inpatients with obesity. Sci Rep. (2022) 12:11849. doi: 10.1038/s41598-022-15261-z

 48. Cortes RM, Mastronardi C, Silva-Aldana CT, Arcos-Burgos M, Lidbury BA. Myalgic encephalomyelitis/chronic fatigue syndrome: a comprehensive review. Diagnostics. (2019) 9:91. doi: 10.3390/diagnostics9030091

 49. Cotler J, Holtzman C, Dudun C, Jason LA. A brief questionnaire to assess post-exertional malaise. Diagnostics. (2018) 8:66. doi: 10.3390/diagnostics8030066

 50. Sommerfelt K, Schei T, Seton KA, Carding SR. Assessing functional capacity in myalgic encephalopathy/chronic fatigue syndrome: a patient-informed questionnaire. J Clin Med. (2024) 13:3486. doi: 10.3390/jcm13123486

 51. Keller B, Receno CN, Franconi CJ, Harenberg S, Stevens J, Mao X, et al. Cardiopulmonary and metabolic responses during a 2-day CPET in myalgic encephalomyelitis/chronic fatigue syndrome: translating reduced oxygen consumption to impairment status to treatment considerations. J Transl Med. (2024) 22:627. doi: 10.1186/s12967-024-05410-5

 52. Leonard A, Jason MENP. The development of a revised Canadian myalgic encephalomyelitis chronic fatigue syndrome case definition. Am J Biochem Biotechnol. (2010) 6:120–35. doi: 10.3844/ajbbsp.2010.120.135

 53. Jason LA, Sunnquist M, Brown A, Furst J, Cid M, Farietta J, et al. Factor analysis of the DePaul symptom questionnaire: identifying core domains. J Neurol Neurobiol. (2015) 1:10.16966/2379-7150.114. doi: 10.16966/2379-7150.114

 54. Stussman B, Camarillo N, McCrossin G, Stockman M, Norato G, Vetter CS, et al. Post-exertional malaise in long COVID: subjective reporting versus objective assessment. Front Neurol. (2025) 16:1534352. doi: 10.3389/fneur.2025.1534352

 55. Kuczyk C, Nohre M, Herrmann-Lingen C, Stolz M, Krauth C, Brahler E, et al. Reliability and validity of the German version of the DePaul symptom questionnaire post-exertional malaise (DSQ-PEM). Front Psychiatry. (2025) 16:1647040. doi: 10.3389/fpsyt.2025.1647040

 56. Oliveira CR, Jason LA, Unutmaz D, Bateman L, Vernon SD. Improvement of long COVID symptoms over one year. Front Med. (2022) 9:1065620. doi: 10.3389/fmed.2022.1065620

 57. Lim EJ, Kang EB, Jang ES, Son CG. The prospects of the two-day cardiopulmonary exercise test (CPET) in ME/CFS patients: a meta-analysis. J Clin Med. (2020) 9:4040. doi: 10.3390/jcm9124040

 58. Lindheimer JB, Alexander T, Qian W, Klein-Adams JC, Lange G, H Natelson B, et al. An analysis of 2-day cardiopulmonary exercise testing to assess unexplained fatigue. Physiol Rep. (2020) 8:e14564. doi: 10.14814/phy2.14564

 59. Keller BA, Pryor JL, Giloteaux L. Inability of myalgic encephalomyelitis/chronic fatigue syndrome patients to reproduce VO(2)peak indicates functional impairment. J Transl Med. (2014) 12:104. doi: 10.1186/1479-5876-12-104

 60. Thomas C, Kudiersky N, Ansdell P, Ashton RE, Brown C, Bewick T, et al. Submaximal 2-day cardiopulmonary exercise testing to assess exercise capacity and post-exertional symptom exacerbation in people with long COVID. Exp Physiol. (2025). doi: 10.1113/EP092576. [Epub ahead of print].

 61. Hodges L. Repeated cardiopulmonary exercise testing of ME/CFS patients. Methods Mol Biol. (2025) 2920:163–72. doi: 10.1007/978-1-0716-4498-0_10

 62. Aoun SM, Hainselin M, Gounden Y, Sirbu CA, Sekulic S, Lorusso L, et al. Systematic review and meta-analysis of cognitive impairment in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). Sci Rep. (2022) 12:2157. doi: 10.1038/s41598-021-04764-w

 63. Braamse A, Voss H, Nikolaus S, Wearden A, Knoop H. The role of partners' fatigue and the patient-partner relationship in the outcome of cognitive behavioural therapy for chronic fatigue syndrome. J Psychosom Res. (2020) 135:110133. doi: 10.1016/j.jpsychores.2020.110133

 64. Robinson LJ, Gallagher P, Watson S, Pearce R, Finkelmeyer A, Maclachlan L, et al. Impairments in cognitive performance in chronic fatigue syndrome are common, not related to co-morbid depression but do associate with autonomic dysfunction. PLoS ONE. (2019) 14:e210394. doi: 10.1371/journal.pone.0210394

 65. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I, et al. The montreal cognitive assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. (2005) 53:695–9. doi: 10.1111/j.1532-5415.2005.53221.x

 66. Murga I, Aranburu L, Gargiulo PA, Gomez-Esteban JC, Lafuente JV. The maintained attention assessment in patients affected by myalgic encephalomyelitis/chronic fatigue syndrome: a reliable biomarker? J Transl Med. (2021) 19:494. doi: 10.1186/s12967-021-03153-1

 67. Carson N, Leach L, Murphy KJ. A re-examination of montreal cognitive assessment (MoCA) cutoff scores. Int J Geriatr Psychiatry. (2018) 33:379–88. doi: 10.1002/gps.4756

 68. Pinto T, Machado L, Bulgacov TM, Rodrigues-Junior AL, Costa M, Ximenes R, et al. Is the montreal cognitive assessment (MoCA) screening superior to the mini-mental state examination (MMSE) in the detection of mild cognitive impairment (MCI) and Alzheimer's disease (AD) in the elderly? Int Psychogeriatr. (2019) 31:491–504. doi: 10.1017/S1041610218001370

 69. Jia X, Wang Z, Huang F, Su C, Du W, Jiang H, et al. A comparison of the mini-mental state examination (MMSE) with the montreal cognitive assessment (MoCA) for mild cognitive impairment screening in Chinese middle-aged and older population: a cross-sectional study. BMC Psychiatry. (2021) 21:485. doi: 10.1186/s12888-021-03495-6

 70. Broadbent DE, Cooper PF, FitzGerald P, Parkes KR. The cognitive failures questionnaire (CFQ) and its correlates. Br J Clin Psychol. (1982) 21:1–16. doi: 10.1111/j.2044-8260.1982.tb01421.x

 71. Wagle AC, Berrios GE, Ho L. The cognitive failures questionnaire in psychiatry. Compr Psychiatry. (1999) 40:478–84. doi: 10.1016/S0010-440X(99)90093-7

 72. Abbasi M, Falahati M, Kaydani M, Fallah MR, Mehri A, Ghaljahi M, et al. The effects of psychological risk factors at work on cognitive failures through the accident proneness. BMC Psychol. (2021) 9:162. doi: 10.1186/s40359-021-00669-5

 73. Attree EA, Arroll MA, Dancey CP, Griffith C, Bansal AS. Psychosocial factors involved in memory and cognitive failures in people with myalgic encephalomyelitis/chronic fatigue syndrome. Psychol Res Behav Manag. (2014) 7:67–76. doi: 10.2147/PRBM.S50645

 74. Goodman ZT, Timpano KR, Llabre MM, Bainter SA. Revisiting the factor structure and construct validity of the cognitive failures questionnaire. Psychol Assess. (2022) 34:671–83. doi: 10.1037/pas0001127

 75. Sunderland A, Watts K, Baddeley AD, Harris JE. Subjective memory assessment and test performance in elderly adults. J Gerontol. (1986) 41:376–84. doi: 10.1093/geronj/41.3.376

 76. Cornish IM. Factor structure of the everyday memory questionnaire. Br J Psychol. (2000) 91:427–38. doi: 10.1348/000712600161916

 77. Rasouli O, Gotaas ME, Stensdotter AK, Skovlund E, Landro NI, Dastol P, et al. Neuropsychological dysfunction in chronic fatigue syndrome and the relation between objective and subjective findings. Neuropsychology. (2019) 33:658–69. doi: 10.1037/neu0000550

 78. Drysdale K, Shores A, Levick W. Use of the everyday memory questionnaire with children. Child Neuropsychol. (2004) 10:67–75. doi: 10.1080/09297040490911087

 79. Calabria M, Manenti R, Rosini S, Zanetti O, Miniussi C, Cotelli M. Objective and subjective memory impairment in elderly adults: a revised version of the everyday memory questionnaire. Aging Clin Exp Res. (2011) 23:67–73. doi: 10.1007/BF03324954

 80. Reitan RM. The relation of the trail making test to organic brain damage. J Consult Psychol. (1955) 19:393–4. doi: 10.1037/h0044509

 81. Oka T, Yamada Y, Lkhagvasuren B, Nakao M, Nakajima R, Kanou M, et al. Clinical effects of wasabi extract containing 6-MSITC on myalgic encephalomyelitis/chronic fatigue syndrome: an open-label trial. Biopsychosoc Med. (2022) 16:26. doi: 10.1186/s13030-022-00255-0

 82. Hagenaars SP, Cox SR, Hill WD, Davies G, Liewald D, Harris SE, et al. Genetic contributions to trail making test performance in UK Biobank. Mol Psychiatry. (2018) 23:1575–83. doi: 10.1038/mp.2017.189

 83. Kujawski S, Zalewski P, Godlewska BR, Cudnoch-Jedrzejewska A, Murovska M, Newton JL, et al. Effects of whole-body cryotherapy and static stretching are maintained 4 weeks after treatment in most patients with chronic fatigue syndrome. Cryobiology. (2023) 112:104546. doi: 10.1016/j.cryobiol.2023.05.003

 84. Linari I, Juantorena GE, Ibanez A, Petroni A, Kamienkowski JE. Unveiling trail making test: visual and manual trajectories indexing multiple executive processes. Sci Rep. (2022) 12:14265. doi: 10.1038/s41598-022-16431-9

 85. Lin CH, Chou LS, Tang SH, Huang CJ. Do baseline WAIS-III subtests predict treatment outcomes for depressed inpatients receiving fluoxetine? Psychiatry Res. (2019) 271:279–85. doi: 10.1016/j.psychres.2018.09.026

 86. Taylor MJ, Heaton RK. Sensitivity and specificity of WAIS-III/WMS-III demographically corrected factor scores in neuropsychological assessment. J Int Neuropsychol Soc. (2001) 7:867–74. doi: 10.1017/S1355617701777107

 87. Tulsky DS, Ledbetter MF. Updating to the WAIS-III and WMS-III: considerations for research and clinical practice. Psychol Assess. (2000) 12:253–62. doi: 10.1037//1040-3590.12.3.253

 88. Wallman KE, Morton AR, Goodman C, Grove R, Guilfoyle AM. Randomised controlled trial of graded exercise in chronic fatigue syndrome. Med J Aust. (2004) 180:444–8. doi: 10.5694/j.1326-5377.2004.tb06019.x

 89. Manarte L, Andrade AR, Do RL, Sampaio D, Figueira ML, Morgado P, et al. Executive functions and insight in OCD: a comparative study. BMC Psychiatry. (2021) 21:216. doi: 10.1186/s12888-021-03227-w

 90. Lima M, Baeta E, Duro D, Tabuas-Pereira M, Valerio D, Freitas S, et al. Toulouse-Pieron cancellation test: normative scores for the Portuguese population. Appl Neuropsychol Adult. (2023) 30:169–75. doi: 10.1080/23279095.2021.1918694

 91. Kawabata M, Lee K, Choo HC, Burns SF. Breakfast and exercise improve academic and cognitive performance in adolescents. Nutrients. (2021) 13:1278. doi: 10.3390/nu13041278

 92. Gevers W, Deliens G, Hoffmann S, Notebaert W, Peigneux P. Sleep deprivation selectively disrupts top-down adaptation to cognitive conflict in the Stroop test. J Sleep Res. (2015) 24:666–72. doi: 10.1111/jsr.12320

 93. Coghe G, Pilloni G, Zucca E, Porta M, Corona F, Frau J, et al. Exploring cognitive motor interference in multiple sclerosis by the visual stroop test. Mult Scler Relat Disord. (2018) 22:8–11. doi: 10.1016/j.msard.2018.02.026

 94. Braga P, Henrique JS, Almeida SS, Arida RM, Gomes DSS. Factors affecting executive function performance of Brazilian elderly in the stroop test. Braz J Med Biol Res. (2022) 55:e11917. doi: 10.1590/1414-431x2022e11917

 95. Wirth KJ, Scheibenbogen C, Paul F. An attempt to explain the neurological symptoms of myalgic encephalomyelitis/chronic fatigue syndrome. J Transl Med. (2021) 19:471. doi: 10.1186/s12967-021-03143-3

 96. Kallestad H, Jacobsen HB, Landro NI, Borchgrevink PC, Stiles TC. The role of insomnia in the treatment of chronic fatigue. J Psychosom Res. (2015) 78:427–32. doi: 10.1016/j.jpsychores.2014.11.022

 97. Chen Y, Zhou E, Wang Y, Wu Y, Xu G, Chen L. The past, present, and future of sleep quality assessment and monitoring. Brain Res. (2023) 1810:148333. doi: 10.1016/j.brainres.2023.148333

 98. Cronlein T, Langguth B, Popp R, Lukesch H, Pieh C, Hajak G, et al. Regensburg insomnia scale (RIS): a new short rating scale for the assessment of psychological symptoms and sleep in insomnia; study design: development and validation of a new short self-rating scale in a sample of 218 patients suffering from insomnia and 94 healthy controls. Health Qual Life Outcomes. (2013) 11:65. doi: 10.1186/1477-7525-11-65

 99. Kawaratani H, Miyaaki H, Hiraoka A, Nakao K, Hiasa Y, Yoshiji H, et al. The usefulness of the Athens insomnia scale for evaluating sleep disturbance in patients with chronic liver disease comparing with Pittsburgh sleep quality index and Epworth sleepiness scale. Medicina. (2022) 58:741. doi: 10.3390/medicina58060741

 100. Van de Water AT, Holmes A, Hurley DA. Objective measurements of sleep for non-laboratory settings as alternatives to polysomnography–a systematic review. J Sleep Res. (2011) 20:183–200. doi: 10.1111/j.1365-2869.2009.00814.x

 101. Nixon GM, Brouillette RT. Diagnostic techniques for obstructive sleep apnoea: is polysomnography necessary? Paediatr Respir Rev. (2002) 3:18–24. doi: 10.1053/prrv.2002.0176

 102. Mohamed AZ, Andersen T, Radovic S, Del FP, Kwiatek R, Calhoun V, et al. Objective sleep measures in chronic fatigue syndrome patients: a systematic review and meta-analysis. Sleep Med Rev. (2023) 69:101771. doi: 10.1016/j.smrv.2023.101771

 103. Hermans LW, Huijben IA, van Gorp H, Leufkens TR, Fonseca P, Overeem S, et al. Representations of temporal sleep dynamics: review and synthesis of the literature. Sleep Med Rev. (2022) 63:101611. doi: 10.1016/j.smrv.2022.101611

 104. Scott H, Lechat B, Manners J, Lovato N, Vakulin A, Catcheside P, et al. Emerging applications of objective sleep assessments towards the improved management of insomnia. Sleep Med. (2023) 101:138–45. doi: 10.1016/j.sleep.2022.10.030

 105. Jafari B, Mohsenin V. Polysomnography. Clin Chest Med. (2010) 31:287–97. doi: 10.1016/j.ccm.2010.02.005

 106. Decker MJ, Tabassum H, Lin JM, Reeves WC. Electroencephalographic correlates of chronic fatigue syndrome. Behav Brain Funct. (2009) 5:43. doi: 10.1186/1744-9081-5-43

 107. Neu D, Mairesse O, Verbanck P, Le Bon O. Slow wave sleep in the chronically fatigued: power spectra distribution patterns in chronic fatigue syndrome and primary insomnia. Clin Neurophysiol. (2015) 126:1926–33. doi: 10.1016/j.clinph.2014.12.016

 108. Lam JC, Mahone EM, Mason TB, Scharf SM. Defining the roles of actigraphy and parent logs for assessing sleep variables in preschool children. Behav Sleep Med. (2011) 9:184–93. doi: 10.1080/15402002.2011.583906

 109. Russell C, Wearden AJ, Fairclough G, Emsley RA, Kyle SD. Subjective but not actigraphy-defined sleep predicts next-day fatigue in chronic fatigue syndrome: a prospective daily diary study. Sleep. (2016) 39:937–44. doi: 10.5665/sleep.5658

 110. Fekedulegn D, Andrew ME, Shi M, Violanti JM, Knox S, Innes KE. Actigraphy-based assessment of sleep parameters. Ann Work Expo Health. (2020) 64:350–67. doi: 10.1093/annweh/wxaa007

 111. Mariman A, Vogelaers D, Hanoulle I, Delesie L, Tobback E, Pevernagie D. Validation of the three-factor model of the PSQI in a large sample of chronic fatigue syndrome (CFS) patients. J Psychosom Res. (2012) 72:111–3. doi: 10.1016/j.jpsychores.2011.11.004

 112. Josev EK, Jackson ML, Bei B, Trinder J, Harvey A, Clarke C, et al. Sleep quality in adolescents with chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME). J Clin Sleep Med. (2017) 13:1057–66. doi: 10.5664/jcsm.6722

 113. Buysse DJ, Reynolds CR, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality index: a new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4

 114. Castro-Marrero J, Zaragoza MC, Gonzalez-Garcia S, Aliste L, Saez-Francas N, Romero O, et al. Poor self-reported sleep quality and health-related quality of life in patients with chronic fatigue syndrome/myalgic encephalomyelitis. J Sleep Res. (2018) 27:e12703. doi: 10.1111/jsr.12703

 115. Wei H, Adelsheim Z, Fischer R, McCarthy MJ. Serum from myalgic encephalomyelitis/chronic fatigue syndrome patients causes loss of coherence in cellular circadian rhythms. J Neuroimmunol. (2023) 381:578142. doi: 10.1016/j.jneuroim.2023.578142

 116. Del RJK, Becker NB, de Neves JS, Isabel SMR. Validation of the Portuguese version of the Pittsburgh sleep quality index (PSQI-PT). Psychiatry Res. (2017) 247:225–9. doi: 10.1016/j.psychres.2016.11.042

 117. Stanyer EC, Creeney H, Nesbitt AD, Holland PR, Hoffmann J. Subjective sleep quality and sleep architecture in patients with migraine: a meta-analysis. Neurology. (2021) 97:e1620–31. doi: 10.1212/WNL.0000000000012701

 118. Mariman A, Vogelaers D, Hanoulle I, Delesie L, Pevernagie D. Subjective sleep quality and daytime sleepiness in a large sample of patients with chronic fatigue syndrome (CFS). Acta Clin Belg. (2012) 67:19–24. doi: 10.2143/ACB.67.1.2062621

 119. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. (1991) 14:540–5. doi: 10.1093/sleep/14.6.540

 120. Cameron K, Williamson P, Short MA, Gradisar M. Validation of the flinders fatigue scale as a measure of daytime fatigue. Sleep Med. (2017) 30:105–12. doi: 10.1016/j.sleep.2016.11.016

 121. Rauwerda NL, Kuut TA, Braamse A, Csorba I, Nieuwkerk P, van Straten A, et al. Insomnia and sleep characteristics in post COVID-19 fatigue: a cross-sectional case-controlled study. J Psychosom Res. (2024) 177:111522. doi: 10.1016/j.jpsychores.2023.111522

 122. Gatari E, Fleuren B, Zijlstra F, Hulsheger UR. Sweet dreams are made of this: a person-centered approach toward understanding the role of sleep in chronic fatigue. J Occup Health Psychol. (2023) 28:205–23. doi: 10.1037/ocp0000355

 123. Morin CM, Belleville G, Belanger L, Ivers H. The insomnia severity index: psychometric indicators to detect insomnia cases and evaluate treatment response. Sleep. (2011) 34:601–8. doi: 10.1093/sleep/34.5.601

 124. Bastien CH, Vallieres A, Morin CM. Validation of the insomnia severity index as an outcome measure for insomnia research. Sleep Med. (2001) 2:297–307. doi: 10.1016/S1389-9457(00)00065-4

 125. Cambras T, Castro-Marrero J, Zaragoza MC, Diez-Noguera A, Alegre J. Circadian rhythm abnormalities and autonomic dysfunction in patients with chronic fatigue syndrome/myalgic encephalomyelitis. PLoS ONE. (2018) 13:e198106. doi: 10.1371/journal.pone.0198106

 126. Ibanez V, Silva J, Cauli O. A survey on sleep questionnaires and diaries. Sleep Med. (2018) 42:90–6. doi: 10.1016/j.sleep.2017.08.026

 127. Barhorst EE, Boruch AE, Cook DB, Lindheimer JB. Pain-related post-exertional malaise in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) and fibromyalgia: a systematic review and three-level meta-analysis. Pain Med. (2022) 23:1144–57. doi: 10.1093/pm/pnab308

 128. Norris T, Deere K, Tobias JH, Crawley E. Chronic fatigue syndrome and chronic widespread pain in adolescence: population birth cohort study. J Pain. (2017) 18:285–94. doi: 10.1016/j.jpain.2016.10.016

 129. Pardini M, Guida S, Primavera A, Krueger F, Cocito L, Gialloreti LE. Amisulpride vs. fluoxetine treatment of chronic fatigue syndrome: a pilot study. Eur Neuropsychopharmacol. (2011) 21:282–6. doi: 10.1016/j.euroneuro.2010.10.008

 130. van Campen C, Rowe PC, Verheugt F, Visser FC. Numeric rating scales show prolonged post-exertional symptoms after orthostatic testing of adults with myalgic encephalomyelitis/chronic fatigue syndrome. Front Med. (2020) 7:602894. doi: 10.3389/fmed.2020.602894

 131. Geisser ME, Gracely RH, Giesecke T, Petzke FW, Williams DA, Clauw DJ. The association between experimental and clinical pain measures among persons with fibromyalgia and chronic fatigue syndrome. Eur J Pain. (2007) 11:202–7. doi: 10.1016/j.ejpain.2006.02.001

 132. Ohnhaus EE, Adler R. Methodological problems in the measurement of pain: a comparison between the verbal rating scale and the visual analogue scale. Pain. (1975) 1:379–84. doi: 10.1016/0304-3959(75)90075-5

 133. Myles PS, Myles DB, Galagher W, Boyd D, Chew C, MacDonald N, et al. Measuring acute postoperative pain using the visual analog scale: the minimal clinically important difference and patient acceptable symptom state. Br J Anaesth. (2017) 118:424–9. doi: 10.1093/bja/aew466

 134. Kempke S, Luyten P, Claes S, Goossens L, Bekaert P, Van Wambeke P, et al. Self-critical perfectionism and its relationship to fatigue and pain in the daily flow of life in patients with chronic fatigue syndrome. Psychol Med. (2013) 43:995–1002. doi: 10.1017/S0033291712001936

 135. Escalona-Marfil C, Coda A, Ruiz-Moreno J, Riu-Gispert LM, Girones X. Validation of an electronic visual analog scale mHealth tool for acute pain assessment: prospective cross-sectional study. J Med Internet Res. (2020) 22:e13468. doi: 10.2196/13468

 136. Karcioglu O, Topacoglu H, Dikme O, Dikme O. A systematic review of the pain scales in adults: which to use? Am J Emerg Med. (2018) 36:707–14. doi: 10.1016/j.ajem.2018.01.008

 137. Thompson DP, Antcliff D, Woby SR. Symptoms of chronic fatigue syndrome/myalgic encephalopathy are not determined by activity pacing when measured by the chronic pain coping inventory. Physiotherapy. (2018) 104:129–35. doi: 10.1016/j.physio.2017.07.005

 138. He S, Renne A, Argandykov D, Convissar D, Lee J. Comparison of an Emoji-based visual analog scale with a numeric rating scale for pain assessment. JAMA. (2022) 328:208–9. doi: 10.1001/jama.2022.7489

 139. Breivik H, Borchgrevink PC, Allen SM, Rosseland LA, Romundstad L, Hals EK, et al. Assessment of pain. Br J Anaesth. (2008) 101:17–24. doi: 10.1093/bja/aen103

 140. Melzack R. The McGill pain questionnaire: major properties and scoring methods. Pain. (1975) 1:277–99. doi: 10.1016/0304-3959(75)90044-5

 141. Main CJ. Pain assessment in context: a state of the science review of the McGill pain questionnaire 40 years on. Pain. (2016) 157:1387–99. doi: 10.1097/j.pain.0000000000000457

 142. Mckay PG, Walker H, Martin CR, Fleming M. Exploratory study into the relationship between the symptoms of chronic fatigue syndrome (CFS)/myalgic encephalomyelitis (ME) and fibromyalgia (FM) using a quasiexperimental design. BMJ Open. (2021) 11:e41947. doi: 10.1136/bmjopen-2020-041947

 143. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: visual analog scale for pain (VAS pain), numeric rating scale for pain (NRS pain), McGill pain questionnaire (MPQ), short-form McGill pain questionnaire (SF-MPQ), chronic pain grade scale (CPGS), short form-36 bodily pain scale (SF-36 BPS), and measure of intermittent and constant osteoarthritis pain (ICOAP). Arthritis Care Res. (2011) 63 Suppl 11:S240–52. doi: 10.1002/acr.20543

 144. Winger A, Kvarstein G, Wyller VB, Sulheim D, Fagermoen E, Smastuen MC, et al. Pain and pressure pain thresholds in adolescents with chronic fatigue syndrome and healthy controls: a cross-sectional study. BMJ Open. (2014) 4:e5920. doi: 10.1136/bmjopen-2014-005920

 145. Nijs J, Van de Putte K, Louckx F, Truijen S, De Meirleir K. Exercise performance and chronic pain in chronic fatigue syndrome: the role of pain catastrophizing. Pain Med. (2008) 9:1164–72. doi: 10.1111/j.1526-4637.2007.00368.x

 146. Cleeland CS, Ryan KM. Pain assessment: global use of the brief pain inventory. Ann Acad Med Singap. (1994) 23:129–38.

 147. Poquet N, Lin C. The brief pain inventory (BPI). J Physiother. (2016) 62:52. doi: 10.1016/j.jphys.2015.07.001

 148. Erdemoglu AK, Koc R. Brief pain inventory score identifying and discriminating neuropathic and nociceptive pain. Acta Neurol Scand. (2013) 128:351–8. doi: 10.1111/ane.12131

 149. Blanch A, Sole S. Classification of pain intensity with the pain beliefs and perceptions inventory (PBPI) and the pain catastrophizing scales (PCS). Qual Life Res. (2023) 32:2853–9. doi: 10.1007/s11136-023-03444-8

 150. Darnall BD, Sturgeon JA, Cook KF, Taub CJ, Roy A, Burns JW, et al. Development and validation of a daily pain catastrophizing scale. J Pain. (2017) 18:1139–49. doi: 10.1016/j.jpain.2017.05.003

 151. Daniels J, Brigden A, Kacorova A. Anxiety and depression in chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME): examining the incidence of health anxiety in CFS/ME. Psychol Psychother. (2017) 90:502–9. doi: 10.1111/papt.12118

 152. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. (1983) 67:361–70. doi: 10.1111/j.1600-0447.1983.tb09716.x

 153. Garaiman A, Mihai C, Dobrota R, Jordan S, Maurer B, Flemming J, et al. The hospital anxiety and depression scale in patients with systemic sclerosis: a psychometric and factor analysis in a monocentric cohort. Clin Exp Rheumatol. (2021) 39 Suppl 131:34–42. doi: 10.55563/clinexprheumatol/qo1ehz

 154. Loades ME, Read R, Smith L, Higson-Sweeney NT, Laffan A, Stallard P, et al. How common are depression and anxiety in adolescents with chronic fatigue syndrome (CFS) and how should we screen for these mental health co-morbidities? A clinical cohort study. Eur Child Adolesc Psychiatry. (2021) 30:1733–43. doi: 10.1007/s00787-020-01646-w

 155. Cosco TD, Doyle F, Ward M, McGee H. Latent structure of the hospital anxiety and depression scale: a 10-year systematic review. J Psychosom Res. (2012) 72:180–4. doi: 10.1016/j.jpsychores.2011.06.008

 156. Obeid S, Abi EHC, Haddad C, Hany Z, Hallit S. Validation of the Hamilton depression rating scale (HDRS) and sociodemographic factors associated with Lebanese depressed patients. Encephale. (2018) 44:397–402. doi: 10.1016/j.encep.2017.10.010

 157. Rodriguez-Seijas C, Thompson JS, Diehl JM, Zimmerman M. A comparison of the dimensionality of the Hamilton rating scale for anxiety and the DSM-5 anxious-distress specifier interview. Psychiatry Res. (2020) 284:112788. doi: 10.1016/j.psychres.2020.112788

 158. Tang X, Lu Z, Hu D, Zhong X. Influencing factors for prenatal Stress, anxiety and depression in early pregnancy among women in Chongqing, China. J Affect Disord. (2019) 253:292–302. doi: 10.1016/j.jad.2019.05.003

 159. Leentjens AF, Dujardin K, Marsh L, Richard IH, Starkstein SE, Martinez-Martin P. Anxiety rating scales in Parkinson's disease: a validation study of the Hamilton anxiety rating scale, the beck anxiety inventory, and the hospital anxiety and depression scale. Mov Disord. (2011) 26:407–15. doi: 10.1002/mds.23184

 160. Epperson CN, Rubinow DR, Meltzer-Brody S, Deligiannidis KM, Riesenberg R, Krystal AD, et al. Effect of brexanolone on depressive symptoms, anxiety, and insomnia in women with postpartum depression: pooled analyses from 3 double-blind, randomized, placebo-controlled clinical trials in the HUMMINGBIRD clinical program. J Affect Disord. (2023) 320:353–9. doi: 10.1016/j.jad.2022.09.143

 161. Rajewska-Rager A, Dmitrzak-Weglarz M, Lepczynska N, Kapelski P, Pawlak J, Szczepankiewicz A, et al. Dimensions of the Hamilton depression rating scale correlate with impulsivity and personality traits among youth patients with depression. J Clin Med. (2023) 12:1744. doi: 10.3390/jcm12051744

 162. Tingting MA, Jie WU, Lijie Y, Fen F, Huilin Y, Jinhua Z, et al. Ginger-indirect moxibustion plus acupuncture versus acupuncture alone for chronic fatigue syndrome: a randomized controlled trial. J Tradit Chin Med. (2022) 42:242–9. doi: 10.19852/j.cnki.jtcm.20211214.003

 163. Maier W, Buller R, Philipp M, Heuser I. The Hamilton anxiety scale: reliability, validity and sensitivity to change in anxiety and depressive disorders. J Affect Disord. (1988) 14:61–8. doi: 10.1016/0165-0327(88)90072-9

 164. Pancheri P, Picardi A, Pasquini M, Gaetano P, Biondi M. Psychopathological dimensions of depression: a factor study of the 17-item Hamilton depression rating scale in unipolar depressed outpatients. J Affect Disord. (2002) 68:41–7. doi: 10.1016/S0165-0327(00)00328-1

 165. Luo H, Gong R, Zheng R, Tan J, Chen R, Wu J, et al. Dose-effect of long-snake-like moxibustion for chronic fatigue syndrome: a randomized controlled trial. J Transl Med. (2023) 21:430. doi: 10.1186/s12967-023-04250-z

 166. Yang XJ, Jiang HM, Hou XH, Song J. Anxiety and depression in patients with gastroesophageal reflux disease and their effect on quality of life. World J Gastroenterol. (2015) 21:4302–9. doi: 10.3748/wjg.v21.i14.4302

 167. Dunstan DA, Scott N, Todd AK. Screening for anxiety and depression: reassessing the utility of the Zung scales. BMC Psychiatry. (2017) 17:329. doi: 10.1186/s12888-017-1489-6

 168. Zung WW. From art to science. The diagnosis and treatment of depression. Arch Gen Psychiatry. (1973) 29:328–37. doi: 10.1001/archpsyc.1973.04200030026004

 169. Jokelainen J, Timonen M, Keinanen-Kiukaanniemi S, Harkonen P, Jurvelin H, Suija K. Validation of the Zung self-rating depression scale (SDS) in older adults. Scand J Prim Health Care. (2019) 37:353–7. doi: 10.1080/02813432.2019.1639923

 170. Meng XD, Guo HR, Zhang QY, Li X, Chen Y, Li MY, et al. The effectiveness of cupping therapy on chronic fatigue syndrome: a single-blind randomized controlled trial. Complement Ther Clin Pract. (2020) 40:101210. doi: 10.1016/j.ctcp.2020.101210

 171. Kim BH, Namkoong K, Kim JJ, Lee S, Yoon KJ, Choi M, et al. Altered resting-state functional connectivity in women with chronic fatigue syndrome. Psychiatry Res. (2015) 234:292–7. doi: 10.1016/j.pscychresns.2015.10.014

 172. Richter P, Werner J, Heerlein A, Kraus A, Sauer H. On the validity of the Beck depression inventory. A review. Psychopathology. (1998) 31:160–8. doi: 10.1159/000066239

 173. Milrad SF, Hall DL, Jutagir DR, Lattie EG, Czaja SJ, Perdomo DM, et al. Relationship satisfaction, communication self-efficacy, and chronic fatigue syndrome-related fatigue. Soc Sci Med. (2019) 237:112392. doi: 10.1016/j.socscimed.2019.112392

 174. Courtin E, Knapp M, Grundy E, Avendano-Pabon M. Are different measures of depressive symptoms in old age comparable? An analysis of the CES-D and Euro-D scales in 13 countries. Int J Methods Psychiatr Res. (2015) 24:287–304. doi: 10.1002/mpr.1489

 175. Coutts R, Weatherby R, Davie A. The use of a symptom “self-report” inventory to evaluate the acceptability and efficacy of a walking program for patients suffering with chronic fatigue syndrome. J Psychosom Res. (2001) 51:425–9. doi: 10.1016/S0022-3999(00)00220-8

 176. Zhang J, Zhang X. Chinese college students' SCL-90 scores and their relations to the college performance. Asian J Psychiatr. (2013) 6:134–40. doi: 10.1016/j.ajp.2012.09.009

 177. Lawrie SM, Pelosi AJ. Chronic fatigue syndrome in the community. Prevalence and associations. Br J Psychiatry. (1995) 166:793–7. doi: 10.1192/bjp.166.6.793

 178. Sterling M. General health questionnaire - 28 (GHQ-28). J Physiother. (2011) 57:259. doi: 10.1016/S1836-9553(11)70060-1

 179. Gaglio CL, Islam MF, Cotler J, Jason LA. Orthostatic intolerance and neurocognitive impairment in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). Epidemiol Methods. (2022) 11:20210033. doi: 10.1515/em-2021-0033

 180. Roerink ME, Lenders JW, Schmits IC, Pistorius AM, Smit JW, Knoop H, et al. Postural orthostatic tachycardia is not a useful diagnostic marker for chronic fatigue syndrome. J Intern Med. (2017) 281:179–88. doi: 10.1111/joim.12564

 181. Stewart JM. Mechanisms of sympathetic regulation in orthostatic intolerance. J Appl Physiol (1985). (2012) 113:1659–68. doi: 10.1152/japplphysiol.00266.2012

 182. Kenny RA, Ingram A, Bayliss J, Sutton R. Head-up tilt: a useful test for investigating unexplained syncope. Lancet. (1986) 1:1352–5. doi: 10.1016/S0140-6736(86)91665-X

 183. Naschitz JE, Rosner I, Rozenbaum M, Naschitz S, Musafia-Priselac R, Shaviv N, et al. The head-up tilt test with haemodynamic instability score in diagnosing chronic fatigue syndrome. QJM. (2003) 96:133–42. doi: 10.1093/qjmed/hcg018

 184. van Campen C, Rowe PC, Verheugt F, Visser FC. Cognitive function declines following orthostatic stress in adults with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). Front Neurosci. (2020) 14:688. doi: 10.3389/fnins.2020.00688

 185. Cheshire WJ, Goldstein DS. Autonomic uprising: the tilt table test in autonomic medicine. Clin Auton Res. (2019) 29:215–30. doi: 10.1007/s10286-019-00598-9

 186. Garner R, Baraniuk JN. Orthostatic intolerance in chronic fatigue syndrome. J Transl Med. (2019) 17:185. doi: 10.1186/s12967-019-1935-y

 187. Ash-Bernal R, Wall CR, Komaroff AL, Bell D, Oas JG, Payman RN, et al. Vestibular function test anomalies in patients with chronic fatigue syndrome. Acta Otolaryngol. (1995) 115:9–17. doi: 10.3109/00016489509133339

 188. Miwa K. Orthostatic intolerance and chronotropic incompetence in patients with myalgic encephalomyelitis or chronic fatigue syndrome. Circ Rep. (2023) 5:55–61. doi: 10.1253/circrep.CR-22-0114

 189. Miwa K, Inoue Y. Paradigm shift to disequilibrium in the genesis of orthostatic intolerance in patients with myalgic encephalomyelitis and chronic fatigue syndrome. Int J Cardiol Hypertens. (2020) 5:100032. doi: 10.1016/j.ijchy.2020.100032

 190. Aydin AE, Soysal P, Isik AT. Which is preferable for orthostatic hypotension diagnosis in older adults: active standing test or head-up tilt table test? Clin Interv Aging. (2017) 12:207–12. doi: 10.2147/CIA.S129868

 191. Sletten DM, Suarez GA, Low PA, Mandrekar J, Singer W. COMPASS 31: a refined and abbreviated composite autonomic symptom score. Mayo Clin Proc. (2012) 87:1196–201. doi: 10.1016/j.mayocp.2012.10.013

 192. Kaur D, Tiwana H, Stino A, Sandroni P. Autonomic neuropathies. Muscle Nerve. (2021) 63:10–21. doi: 10.1002/mus.27048

 193. Murga GI, Aranburu LL, Gargiulo PA, Gomez-Esteban JC, Lafuente SJ. Myalgic encephalomyelitis/chronic fatigue syndrome: a neurological entity? Medicina. (2021) 57:1030. doi: 10.3390/medicina57101030

 194. Martin F, Blanco-Suarez M, Zambrano P, Caceres O, Almirall M, Alegre-Martin J, et al. Increased gut permeability and bacterial translocation are associated with fibromyalgia and myalgic encephalomyelitis/chronic fatigue syndrome: implications for disease-related biomarker discovery. Front Immunol. (2023) 14:1253121. doi: 10.3389/fimmu.2023.1253121

 195. Schrezenmaier C, Gehrking JA, Hines SM, Low PA, Benrud-Larson LM, Sandroni P. Evaluation of orthostatic hypotension: relationship of a new self-report instrument to laboratory-based measures. Mayo Clin Proc. (2005) 80:330–4. doi: 10.4065/80.3.330

 196. Jones DE, Gray J, Frith J, Newton JL. Fatigue severity remains stable over time and independently associated with orthostatic symptoms in chronic fatigue syndrome: a longitudinal study. J Intern Med. (2011) 269:182–8. doi: 10.1111/j.1365-2796.2010.02306.x

 197. Costigan A, Elliott C, McDonald C, Newton JL. Orthostatic symptoms predict functional capacity in chronic fatigue syndrome: implications for management. QJM. (2010) 103:589–95. doi: 10.1093/qjmed/hcq094

 198. Hardt J, Buchwald D, Wilks D, Sharpe M, Nix WA, Egle UT. Health-related quality of life in patients with chronic fatigue syndrome: an international study. J Psychosom Res. (2001) 51:431–4. doi: 10.1016/S0022-3999(01)00220-3

 199. Stewart AL, Hays RD, Ware JJ. The MOS short-form general health survey. Reliability and validity in a patient population. Med Care. (1988) 26:724–35. doi: 10.1097/00005650-198807000-00007

 200. Ware JJ, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I conceptual framework and item selection. Med Care. (1992) 30:473–83. doi: 10.1097/00005650-199206000-00002

 201. Brazier JE, Harper R, Jones NM, O'Cathain A, Thomas KJ, Usherwood T, et al. Validating the SF-36 health survey questionnaire: new outcome measure for primary care. BMJ. (1992) 305:160–4. doi: 10.1136/bmj.305.6846.160

 202. Kim DY, Lee JS, Park SY, Kim SJ, Son CG. Systematic review of randomized controlled trials for chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME). J Transl Med. (2020) 18:7. doi: 10.1186/s12967-019-02196-9

 203. Myers C, Wilks D. Comparison of Euroqol EQ-5D and SF-36 in patients with chronic fatigue syndrome. Qual Life Res. (1999) 8:9–16. doi: 10.1023/A:1026459027453

 204. Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol group. Ann Med. (2001) 33:337–43. doi: 10.3109/07853890109002087

 205. Kreimeier S, Greiner W. EQ-5D-Y as a health-related quality of life instrument for children and adolescents: the instrument's characteristics, development, current use, and challenges of developing its value set. Value Health. (2019) 22:31–7. doi: 10.1016/j.jval.2018.11.001

 206. Burstrom B, Irestig R, Burstrom K. EQ-5D-3L health status among homeless people in Stockholm, Sweden, 2006 and 2018. Front Public Health. (2021) 9:780753. doi: 10.3389/fpubh.2021.780753

 207. Cheng LJ, Tan RL, Luo N. Measurement properties of the EQ VAS around the globe: a systematic review and meta-regression analysis. Value Health. (2021) 24:1223–33. doi: 10.1016/j.jval.2021.02.003

 208. Thompson AJ, Turner AJ. A comparison of the EQ-5D-3L and EQ-5D-5L. Pharmacoeconomics. (2020) 38:575–91. doi: 10.1007/s40273-020-00893-8

 209. van Hout BA, Shaw JW. Mapping EQ-5D-3L to EQ-5D-5L. Value Health. (2021) 24:1285–93. doi: 10.1016/j.jval.2021.03.009

 210. Orji NC, Cox IA, Jason LA, Chen G, Zhao T, Rogerson MJ, et al. Assessing health state utilities for people with myalgic encephalomyelitis/chronic fatigue syndrome in Australia using the EQ-5D-5L, AQoL-8D and EQ-5D-5L-psychosocial instruments. Qual Life Res. (2024) 33:45–57. doi: 10.1007/s11136-023-03498-8

 211. Development of the world health organization WHOQOL-BREF quality of life assessment. the WHOQOL group. Psychol Med. (1998) 28:551–8. doi: 10.1017/S0033291798006667

 212. Skevington SM, Lotfy M, O'Connell KA. The world health organization's WHOQOL-BREF quality of life assessment: psychometric properties and results of the international field trial. A report from the WHOQOL group. Qual Life Res. (2004) 13:299–310. doi: 10.1023/B:QURE.0000018486.91360.00

 213. Brittain E, Muirhead N, Finlay AY, Vyas J. Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS): major impact on lives of both patients and family members. Medicina. (2021) 57:43. doi: 10.3390/medicina57010043

 214. Cox IM, Campbell MJ, Dowson D. Red blood cell magnesium and chronic fatigue syndrome. Lancet. (1991) 337:757–60. doi: 10.1016/0140-6736(91)91371-Z

 215. Skinner JS, Albers CJ, Hall RJ, Adams PC. Comparison of Nottingham health profile (NHP) scores with exercise duration and measures of ischaemia during treadmill exercise testing in patients with coronary artery disease. Eur Heart J. (1995) 16:1561–5. doi: 10.1093/oxfordjournals.eurheartj.a060778

 216. May M, Milrad SF, Perdomo DM, Czaja SJ, Fletcher MA, Jutagir DR, et al. Post-exertional malaise is associated with greater symptom burden and psychological distress in patients diagnosed with chronic fatigue syndrome. J Psychosom Res. (2020) 129:109893. doi: 10.1016/j.jpsychores.2019.109893

 217. Tan W, Wang J, Shi PM, Feng LM, Shi J, Ning BF, et al. Effects of low-dose and high-dose rifaximin in the treatment of covert hepatic encephalopathy. J Clin Transl Hepatol. (2022) 10:1099–106. doi: 10.14218/JCTH.2021.00457

 218. Peo LC, Wiehler K, Paulick J, Gerrer K, Leone A, Viereck A, et al. Pediatric and adult patients with ME/CFS following COVID-19: a structured approach to diagnosis using the Munich Berlin symptom questionnaire (MBSQ). Eur J Pediatr. (2024) 183:1265–76. doi: 10.1007/s00431-023-05351-z

 219. Ayuso GB, Perez LA, Besteiro BY, Romay LE, Marchan-Lopez A, Rabunal RR. Prevalence of symptoms and quality of life 3 years after COVID-19: long term follow-up using the C19-YRS questionnaire in a Spanish hospital. Med Clin. (2025) 165:107138. doi: 10.1016/j.medcle.2025.107138

 220. Aly M, Saber HG. Long COVID and chronic fatigue syndrome: a survey of elderly female survivors in Egypt. Int J Clin Pract. (2021) 75:e14886. doi: 10.1111/ijcp.14886

 221. Wong TL, Weitzer DJ. Long COVID and myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)-A systemic review and comparison of clinical presentation and symptomatology. Medicina. (2021) 57:418. doi: 10.3390/medicina57050418

 222. Hayes LD, Sanal-Hayes N, Mclaughlin M, Berry E, Sculthorpe NF. People with long covid and ME/CFS exhibit similarly impaired balance and physical capacity: a case-case-control study. Am J Med. (2023) 138:140–7. doi: 10.1016/j.amjmed.2023.06.028

 223. Jurek JM, Castro-Marrero J. A narrative review on gut microbiome disturbances and microbial preparations in myalgic encephalomyelitis/chronic fatigue syndrome: implications for long COVID. Nutrients. (2024) 16:1545. doi: 10.20944/preprints202404.2021.v1

 224. Faux-Nightingale A, Philp F, Chadwick D, Singh B, Pandyan A. Available tools to evaluate digital health literacy and engagement with eHealth resources: a scoping review. Heliyon. (2022) 8:e10380. doi: 10.1016/j.heliyon.2022.e10380

 225. Meyerson WU, Hoyle RH. Pre-pandemic activity on a myalgic encephalomyelitis/chronic fatigue syndrome support forum is highly associated with later activity on a long COVID support forum for a variety of reasons: a mixed methods study. PLoS ONE. (2023) 18:e291173. doi: 10.1101/2023.06.30.23292087



Glossary

CFS, chronic fatigue syndrome; CFQ, Chalder fatigue questionnaire; FAI, fatigue assessment instrument; FSS, fatigue severity scale; FIS, fatigue impact scale; CIS, checklist individual strength; VAS-F, visual analog scale for fatigue; pSS, primary Sjögren's syndrome; MFI, multidimensional fatigue inventory; PedsQL-MFS, pediatric quality of life multidimensional fatigue scale; FACIT-F, functional assessment of chronic illness therapy-fatigue; FSMC, fatigue scale for motor and cognitive functioning; DSQ-PEM, DePaul symptom questionnaire–PEM subscale; 2-day CPET, two-day cardiopulmonary exercise test; FUNCAP, functional capacity scale; CBT, cognitive behavioral therapy; MoCA, montreal cognitive assessment; CFQ-25, cognitive failures questionnaire; EMQ, everyday memory questionnaire; TMT, trail making test; WMS-III, Wechsler memory scale-III; MMSE, mini-mental state examination; WASI, Wechsler abbreviated scale of intelligence; IQ, intelligence quotient; TP, Toulouse-Piéron test; Stroop, stroop color and word test; PSG, polysomnography; EEG, electroencephalogram; ECG, electrocardiogram; EMG, electromyogram; EOG, electro-oculography; PSQI, Pittsburgh sleep quality index; ESS, Epworth sleepiness scale; EDS, excessive daytime sleepiness; ISI, insomnia severity index; VAS, visual analog scale; NRS, numeric rating scale for pain; MPQ, McGill pain questionnaire; PRI, pain rating index; PPI, present pain intensity; BPI, brief pain inventory; PCS, pain catastrophizing scale; HADS, hospital anxiety and depression scale; HAMA, Hamilton anxiety rating scale; HAMD, Hamilton depression rating scale; SAS, self-rating anxiety scale; SDS, self-rating depression scale; BDI, Beck depression inventory; SCL-90, symptom checklist-90; CES-D, center for epidemiologic studies depression scale; GHQ, general health questionnaire; OI, orthostatic intolerance; NAM, national academy of medicine (US); POTS, postural tachycardia syndrome; HUT, head-up tilt test; AST, active 10-min standing test; BP, blood pressure; HR, heart rate; COMPASS-31, composite autonomic symptom score-31; OGS, orthostatic grading scale; HRQoL, health-related quality of life; SF-36, 36-item short form health survey; WHOQOL-BREF, abbreviated world health organization quality of life questionnaire; EQ-5D, EuroQol five dimensions questionnaire; MOS-SF, medical outcomes study–short form; RCTs, randomized controlled trials; EQ-VAS, EQ-5D visual analog scale; NHP, Nottingham health profile; SIP, sickness impact profile; MBSQ, Munich-Berlin symptom questionnaire; C19-YRS, COVID-19 Yorkshire rehabilitation scale.
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