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ABSTRACT

Cognitive difficulties represent a common and debilitating feature of the enigmatic chronic
fatigue syndrome (CFS). These difficulties manifest as self-reported problems with attention,
memory, and concentration, and present objectively as slowed information processing speed
particularly on complex tasks requiring sustained attention. The mechanisms underlying
cognitive dysfunction remain to be established; however alterations in autonomic nervous
system activity and cerebral blood flow have been proposed as possibilities. Heterogeneity in
the experience of cognitive impairment, as well as differences in the methods utilised to
quantify dysfunction, may contribute to the difficulties in establishing plausible biological
underpinnings. The development of a brief neurocognitive battery specifically tailored to CFS
and adoption by the international research community would be beneficial in establishing a
profile of cognitive dysfunction. This could also provide better insights into the underlying
biological mechanisms of cognitive dysfunction in CFS, and enhance the development of

targeted treatments.



Introduction
Chronic fatigue syndrome (CFS) is a complex condition characterised by six or more
consecutive months of medically-unexplainable fatigue which causes functional impairment.
This debilitating fatigue is accompanied by a range of constitutional and neuropsychiatric
symptoms, including neurocognitive difficulties, irritable and depressed mood, muscle and
joint pain, headaches, poor sleep quality, and post-exertional malaise [1]. In the absence of
curative treatments, best-practice interventions combining cognitive-behavioural therapy
(CBT) with graded exercise therapy (GET) offer moderately effective symptom management
with documented improvements in functional capacity [2-5]. The underlying aetiology and
pathophysiology of this enigmatic condition remain unclear, despite concentrated research
efforts internationally [6].

Heterogeneity in the manifestation of symptoms is commonly observed in studies of
CFS [7-11]; yet self-reported cognitive dysfunction in the form of impaired attention,
difficulties concentrating, and poor memory, are almost universally endorsed by patients [12-
14]. Due to the strong link with occupational and social impairment, cognitive dysfunction
represents one of the more disabling symptoms for individuals with CFS [15-17]. As such, an
understanding of the nature of cognitive dysfunction in CFS, as well the biological
underpinnings remain critical to guiding future research and the development of effective
targeted treatments. The purpose of this narrative review is to provide an update on the most
recent studies appearing in the literature over the last four years that examine aspects of

cognitive dysfunction in individuals with CFS.

Search Strategy

MEDLINE, EMBASE, Web of Science, and PsychInfo databases were searched for articles
published or available in press between January 2012 and January 2016 that contained the
term ‘chronic fatigue syndrome’ and included at least one of the following terms: cognition,
cognitive, neuropsychological tests, neurocognitive, or neuropsychology. A title-abstract
review was conducted by the first author (EC) and cross-referenced by the second author
(RCB) to identify reports of original research, published in English, which focused on aspects
of cognitive dysfunction in adults with CFS diagnosed according to recognised criteria.
Relevant studies that involved individuals with a comorbid diagnosis of fibromyalgia
(CFS/FM) [18], myalgic encephalomyelitis (CFS/ME) [19], or postural orthostatic

tachycardia syndrome (CFS/POTS) were also included. For coverage of papers published



prior to the period included in this review, the reader is referred to the following reviews [20-
24].

In the specified period, and after the removal of review, hypotheses, protocol, and
opinion articles, a total of 26 manuscripts that met the inclusionary criteria were identified
(Table 1). The majority of studies used the 1994 Centers for Disease Control and Prevention
(CDC) criteria for CFS [1]. After accounting for the repeated use of study cohorts across
publications, the average sample size for cross-sectional studies was 76 (mean age = 44 + 12
years), whereas case-control studies averaged 23 participants with CFS (mean age =37 £ 11
years). A wide range of subjective and objective measures were used to quantify cognitive

dysfunction, with minimal overlap across research groups, as shown in Table 1.

[Insert Table 1 about here]

Subjective cognitive difficulties reported by patients with CFS

Given their role in the diagnosis of CFS and high frequency of reporting in clinical practice
[1, 25], it is not surprising that self-reported cognitive difficulties in CFS have been
consistently described in recent studies (albeit using different measures, see Table 1). In one
cohort of participants with CFS, difficulties concentrating were endorsed by 82%, and
memory problems by 62% of patients, in contrast to no endorsement of such symptoms by
healthy individuals matched for age, sex, education, and estimated premorbid intelligence
[26, 27]. This was consistent with findings from separate cohorts of individuals with CFS and
CFS/FM who described more memory problems, poorer attention, and greater information
processing difficulties compared to both healthy controls [27-31] and individuals with
multiple sclerosis [31]. Subjectively reported difficulties in more specific cognitive domains,
such as visuo-perceptual ability, verbal and visuospatial memory, and language have also
been reported by individuals with CFS and CFS/FM [29-31]. Furthermore, in the absence of
any form of intervention, the severity of these self-reported impairments appeared to remain
stable over an 18-month period [29].

Correlates of subjective cognitive complaints

Negative emotional symptoms are commonly endorsed by individuals with CFS, and are
frequently associated with self-reported cognitive difficulties. Symptoms of depression have
been found to be related to subjective complaints of memory and attention problems [27], and

along with increased anxiety and female sex, can predict self-reported cognitive failures (i.e.,
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common everyday mistakes, like forgetting appointments or not listening when being spoken
to) [32]. Similarly, cognitive failures and retrospective (but not prospective) memory have
been associated with ratings of fatigue, depression, and self-efficacy in individuals with CFS
[33]. Self-reported physical symptoms, such as the experience of pain, have been positively
associated with visuo-perceptual difficulties (e.g., difficulties gauging distances or following
visual diagrams) in participants with CFS, and with verbal memory both in participants with
CFS and CFS/FM [29]. Better physical functioning in participants with CFS was associated
with less visuo-perceptual difficulty, whereas fewer language processing complaints were
associated with better physical functioning in participants with CFS/FM [29]. Collectively
these findings suggest that subjective perceptions of cognitive difficulties in CFS are
influenced by a number of factors related to physical and mental health, with poorer health
status being associated with greater subjective cognitive complaints.

There is also evidence to suggest that cognitive complaints are associated with
inflammatory processes in brain regions critical to the regulation of cognitive and emotional
processes. A positive relationship between self-reported cognitive difficulties and
neuroinflammation (inferred from the density of a translocator protein expressed by activated
microglia and astrocytes) of brain regions associated with arousal, awareness states, and
attention modulation has been documented in a small preliminary study utilising positron
emission tomography (PET) in participants with CFS/ME [28]. Neuroinflammation of the left
thalamic intralaminar nucleus, amygdala, and midbrain were found to positively correlate
with a subjective cognitive impairment score in participants with CFS/ME. Although no
objective measure of cognitive performance was employed, the tentative findings of this
study highlight the possibility of uncovering a biological mechanism underpinning the
cognitive difficulties frequently experienced by individuals with CFS, which would have

important implications for the development of targeted treatments.

Objective cognitive dysfunction in patients with CFS

It has been well established that individuals with CFS demonstrate some degree of cognitive
dysfunction as assessed by objective task performance. The outcome of a recent meta-
analysis identified that cognitive disturbances in CFS manifest as slowed response speeds
relative to matched healthy individuals on simple and complex information processing tasks,
and on tasks requiring sustained attention, whereas global functioning, reasoning, language,
and fine motor speed appear unimpaired [20]. The body of work covered in this review have

largely reported comparable findings across studies which are consistent with this outcome.



On tasks requiring speeded button-press responses to the presentation of simple visual
stimuli appearing at variable intervals, participants with CFS tended to take longer to respond
than healthy individuals [26, 30, 31, 34-36]. However, one study found this only to be the
case for participants with CFS that also fulfilled diagnostic criteria for depression [37]. A
greater number of lapses in attention (i.e., missing the presentation of a target resulting in no
response being made) were also reported in some studies [30, 31, 34]. Importantly, the
outcome from assessment of fine motor functioning via finger tapping tasks revealed no
difference between participants with CFS and healthy individuals [26, 38], suggesting that
delayed response speed is not simply due to slowing of motor function.

When the cognitive load associated with such time-critical tasks is increased by
introducing choice responses [26], or requiring more complex information processing in the
form of digit-symbol substitutions [38, 39] or cancellation of specific targets within item
arrays [38], the response speed of participants with CFS was again slowed compared to
healthy individuals. Similarly, the assessment of executive functioning using variants of the
Stroop task (traditionally a colour and word naming task requiring inhibition of pre-potent
reading responses [40]) has consistently identified slowed response speeds in participants
with CFS [30, 31, 34, 39] and those with CFS and comorbid FM [35, 36] relative to healthy
controls. One study reported that the magnitude of the Stroop interference effect did not
differ amongst individuals with or without CFS [26], indicating a consistent slowing of
response speed across task conditions. Slowed response times during executive functioning
have also been demonstrated using other tasks (i.e., Attention Network Test [41]) requiring
complex information processing and inhibition [37, 42].

Despite responses slowing, comparable performance accuracy on tasks requiring
information processing has consistently been found between participants with CFS and
healthy individuals [26, 30, 31, 34-39, 42]. Evidence from imaging studies suggests that
greater neural engagement of sub-cortical and cortical areas during cognitive task completion
is required in CFS to maintain performance accuracy [43, 44]. Differential patterns of neural
activation with increased task demands [45], and altered functional connectivity between
brain regions involved in cognitive functioning [46], have also been documented in patients
with CFS, which may lead to less efficient cognitive processes compared to healthy
individuals [47]. This reduced neural efficiency has been proposed as a plausible biological
mechanism underlying the documented post-exertional exacerbation of fatigue experienced
by patients with CFS after engaging in cognitively demanding laboratory-based [48] and

simulated real-world (i.e., driving) tasks [49].



The assessment of more specific cognitive domains, including working memory [26,
30, 34-36, 39, 50], verbal ability [26, 51], and logical thinking [26, 50, 51] has yielded similar
levels of performance for both healthy individuals and participants with CFS.

Correlates of objective cognitive performance

Investigations into the correlates of objectively assessed cognitive performance in
participants with CFS have generated inconsistent findings. Fatigue was not found to be
linked to cognitive performance (i.e., response speed or accuracy) in a number of studies [26,
39, 42]; yet was associated with an increased number of attentional lapses when using a state-
based (but not a trait-based) questionnaire in one study [30], and emerged as a significant
predictor of executive functioning impairment in another sample of female participants with
CFS [52]. Similarly, depression and anxiety were not significantly correlated with
information processing speed or accuracy in several studies [26, 39, 42]. However, anxiety
and depression predicted verbal memory dysfunction in a sample of female participants with
CFS [52], and depression (along with napping, particularly in the afternoon) predicted task-
switching performance in a relatively large sample of participants with CFS [32]. Mixed
findings regarding an association of cognitive performance with pain have also been
documented. In one cohort of female participants with CFS, Ickmans and colleagues [30]
found no correlation between self-rated pain severity and cognitive performance; yet in a
subsequent study, significant associations between pain and psychomotor response speed
were uncovered in a predominantly female sample of participants with CFS [36]. Working
memory capacity could also be predicted from conditioned pain modulation for participants
with CFS/FM [36].

The potential role of autonomic nervous system (ANS) functioning in CFS
symptomatology is receiving increased attention [53, 54], and has been linked to cognitive
performance outcomes. Heart rate variability (HRV; the small variations in beat-to-beat
intervals of the heart) was linked in one study with spatial working memory and information
processing speed [39]. Higher HRV during rest, reflecting a more flexible autonomic system
that is better able to adapt and respond to stressors, was found to be predictive of better
cognitive performance.

Orthostatic intolerance (characterised by tachycardia, dizziness, and visual
disturbances when in an upright position) frequently accompanies CFS in the form of POTS
[13]. Individuals with CFS/POTS perform poorer on a working memory task during

orthostatic challenge than healthy individuals [55-57]. The potential role for alterations in



cerebral blood flow (CBF) underlying this dysfunction have been explored generating mixed
findings. Using transcranial Doppler sonography, no difference in CBF velocity (CBFv) was
observed between participants with CFS/POTS and healthy individuals [56], nor was CBFv
activation (typically linked closely to cognitive neuronal activity) related to objective
cognitive performance in CFS/POTS [55]. However, a more recent study observed a greater
reduction of CBFv in CFS/POTS than healthy individuals during orthostatic challenge; an
effect mitigated by the administration of phenylephrine (resulting in increased blood
pressure) which subsequently benefited working memory performance [57]. Although
interesting, the role of CBF alterations in objective cognitive performance in CFS remains
unclear.

The possible link between cardiovascular and muscular deconditioning and cognitive
dysfunction in CFS has also been examined. In a cohort of females with CFS, lower peak
heart rate and peak oxygen uptake (as assessed during a cycle ergometer exercise task) were
associated with slowed psychomotor response speeds [34]. This finding, along with the
observed positive associations between maximal handgrip strength and working memory
[34], and the correlation between upper limb muscle function recovery after a fatiguing
physical task with information processing speed and sustained attention [35], suggest that
better physical health may lead to improved cognitive outcomes in CFS. Indeed, the notion
that improved physical fitness can have positive effects on cognitive functioning is consistent
with the documented efficacy of exercise-based therapies, such as GET, for improving the

daily functioning of individuals suffering from CFS [58].

Relationship between subjective complaints and objective performance

The body of literature indicates that subjective perceptions and objective indices of cognitive
performance do not always correspond well both in healthy and patient populations,
including individuals with CFS [59-61]. For example, individuals may report experiencing
memory problems, however show no objective dysfunction when performing laboratory-
based memory tasks. Two recent studies examining the relationship between subjective
complaints and objective performance generated mixed results. In a female-only cohort,
Ickmans and colleagues [30] observed positive correlations between self-reported
concentration difficulties, and information processing speed and number of lapses in
sustained attention for participants in CFS, but not healthy participants. In contrast, Cockshell

and Mathias [27] found no significant association between subjective reports of impaired



memory, attention, and concentration, with any objective cognitive performance measure in
both healthy individuals and participants with CFS.

Discrepancy in reported outcomes may stem from differences in the measures used to
index subjective complaints and cognitive performance. Additionally, other more general
reasons for such divergence require consideration. Some tasks that are utilised may be better
suited for detecting more pronounced cognitive deficits (such as those associated with
traumatic brain injury or dementia) rather than the subtle dysfunction associated with CFS
[25]. Alternatively, traditional laboratory-based cognitive tasks may poorly reflect real-world
cognitive processes that individuals with CFS experience difficulties with on a day-to-day
basis. The use of tasks more sensitive to subtle cognitive difficulties, and that better simulate
real-world situations relevant to individuals with CFS (e.g., driving [49]), should be further
explored. Beyond methodological concerns, the mismatch between perceived problems and
objective cognitive performance may also arise due to other factors known to influence the
appraisal of one’s own cognitive ability, such as personality, cognitive style, general physical

and mental health, and premorbid cognitive capacity.

The role of underperformance in CFS

The notion that cognitive dysfunction observed in some participants with CFS may be due to
suboptimal effort has recently been explored in two studies. Using a test that identifies
patterns of suboptimal effort and distinguishes intentional and unintentional poor
performance on problem solving and verbal ability tasks (which are not typically impaired in
CFS), participants with CFS achieved comparable scores to matched healthy individuals on
verbal and nonverbal task elements [51]. Furthermore, no participant performed in a manner
consistent with an intention to perform poorly [51]. In contrast, when a memory-based test of
underperformance was utilised, 16% of participants with CFS achieved scores determined to
be indicative of suboptimal effort [62]. Individuals labelled as underperformers also
demonstrated poorer performance on simple and choice response speed and complex
information processing. However, this study has been criticised for a possible confounding of
applied effort by actual ability to perform the working memory task [63]. Regardless, it
seems unlikely that poor effort can adequately account for impaired cognitive test

performance in this patient group.
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Heterogeneity in the manifestation of cognitive symptoms in CFS

Many of the disparate findings across studies of cognitive dysfunction in CFS could be driven
by heterogeneity in the manifestation of objective impairments. A recent preliminary study
compared the cognitive performance of a cohort of female participants with CFS on a
comprehensive neurocognitive battery with normative data to quantify the proportion of
participants demonstrating impairment (indicated by performance at more than one standard
deviation below the normative mean) [52]. Even when using this fairly conservative
threshold for impairment, only 50% of the cohort showed impaired attention and motor
functioning, and almost 40% had impaired executive functioning and information processing
speed. Visual memory impairments were uncovered in 30% of participants, with around 15%
showing impairments on verbal memory and problem solving tasks [52]. Although tentative,
these findings suggest that there may be subgroups of individuals with CFS who experience
similar patterns of cognitive dysfunction. Furthermore, some individuals may not appear
cognitively impaired when compared to normative data; yet report experiencing difficulties
relative to their own premorbid cognitive capacity. The very well established heterogeneity in
symptom manifestation and severity [7-10] clearly highlights the need for a more
individualised approach to CFS; in research by utilising appropriately matched control
participants, and in clinical practice by way of tailoring treatments that target specific

symptoms and impairments experienced by patients.

Improving the neurocognitive performance of individuals with CFS

Despite the common report of cognitive difficulties and established impairments in
information processing speed and attention, very few studies to date have examined whether
it is possible to improve the cognitive functioning of participants with CFS. A small-scale
double-blinded randomised control trial has demonstrated greater improvements in self-
reported executive function (in addition to reduced pain and fatigue) of individuals with CFS
after six weeks of using lisdexamfetamine dimesylate, a long-acting amphetamine-based
psychostimulant medication, compared to placebo [64]. The author posits that the observed
improvement may be due to the stimulant properties of the drug centrally modulating
dopaminergic and noradrenergic systems in the pre-frontal cortex; however, the exact
mechanism of action, including whether this improvement translates to improved objective
performance, remains to be established. Improvements in working memory consequent to a
behavioural intervention have also been observed in a small non-randomised trial [65].

Individuals with CFS or ME that showed signs of working memory impairment completed an
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intensive computerised cognitive training program over a five week period, which resulted in
improved working memory and general attention back to average normative levels. This
raises the possibility that cognitive remediation may induce neuroplastic changes; however
this also awaits investigation in appropriately randomised and controlled studies.

Future research directions

The efficacy of interventions for CFS is almost exclusively determined from self-reported
improvements in functional capacity by way of increased physical function and reduced
levels of fatigue [5, 66]. However, few studies explore improvements in cognitive
functioning, despite high levels of patient endorsement of cognitive difficulties. It is also
becoming increasingly evident that at least a subgroup of individuals with CFS experience
objective cognitive dysfunction. Yet, beyond indicating the experience of memory, attention,
or “thinking” difficulties, a definitive profile of what constitutes “cognitive dysfunction”
remains to be established.

Several reasons can be proposed as to why this might be the case. Existing
comprehensive neurocognitive test batteries that utilise normative data are time consuming to
administer and come at a high financial cost. As such, various tasks (see Table 1) and
modified versions have been employed (often in differing combinations) by research groups
around the world, making it difficult to compare the resulting cognitive profiles across
studies, as well as reliably identify correlates of performance. Additionally, despite efforts to
gauge premorbid intelligence (e.g., using standardised vocabulary measures, or years of
formal education as a proxy), the cognitive capability of an individual prior to the onset of
CFS are unlikely to be accurately estimated, further contributing to the difficulty in defining
the magnitude of dysfunction. The development and adoption of a brief repeatable
neurocognitive battery specifically targeting key cognitive domains of interest for individuals
with CFS, which can be standardised and made freely accessible, would indeed be a
beneficial focus for future research. Similar proposals have previously been made [25, 67],
but are yet to be embraced by the broader CFS research community. Such a battery could be
employed as part of routine clinical practice to provide a sensitive and valid measure of
cognitive dysfunction, as well as assist in evaluating the efficacy of new treatments as they

become available.
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Conclusion
In line with the outcome of previous reviews and meta-analyses, a review of the most recent
evidence indicates that individuals with CFS experience impairments in cognitive
functioning, as measured by both subjective complaints, and objective impairment on
laboratory-based tasks. Difficulties with memory, attention and concentration, in addition to
problems in higher-order cognitive domains such as verbal and visuospatial memory and
language processing are often self-reported by individuals with CFS; however, objective task
performance indicates a more global, non-specific deficit, with impairments consistent with
generalised slowing of response speed on tasks requiring simple and complex information
processing and sustained attention. Performance on logical thinking, spatial working
memory, and verbal and non-verbal reasoning tasks appears to be comparable to that of
healthy individuals. However, the mechanisms underlying both subjective and objective
cognitive dysfunction in CFS have yet to be established. Further studies are required to
elucidate plausible biological underpinnings of cognitive dysfunction in CFS.
Inconsistencies between subjectively reported and objectively observed cognitive
dysfunction, and more general disparate findings across studies, may reflect heterogeneity in
the experience of cognitive dysfunction among individuals with CFS, as well as individual
differences in symptom severity and comorbidities. However, they may also come about due
to methodological inconsistencies, the utilisation of cognitive tasks that are not sensitive
enough to detect the subtle difficulties experienced by individuals with CFS, or from relying
on laboratory-based tasks that poorly reflect real-wold cognitive processes. The development
of a brief and repeatable neurocognitive battery specifically tailored and standardised for
individuals with CFS is recommended, which can be employed both in routine clinical
practice and as a research and evaluation tool. Widespread adoption of such a battery by the
broader CFS research community would lead to an improved understanding of the nature of
cognitive dysfunction in CFS, and guide future research exploring the development and
efficacy of targeted treatments aimed at ameliorating disability associated with this enigmatic

condition.
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Table 1. Summary of original research articles included in this review, highlighting the relevant measures used to assess cognitive dysfunction.
Participant characteristics (sex and mean age) have been provided. Individuals with CFS were diagnosed according to CDC criteria, unless

otherwise specified.

Author / Year Design Participant characteristics Relevant cognitive measures

Arroll 2014 [48] Cross-sectional 32 CFS/ME? (239Q; 44+11 years) Cambridge Neuropsychological Test Automated Battery,

Multidimensional Fatigue Inventory

Attree 2014 [33] Cross-sectional 87 CFS/ME? (85%; 55+10 years) Prospective and retrospective memory questionnaire, CFQ

Beaumont 2012 [39]
Cockshell 2012 [51]
Cockshell 2013 [26]
Cockshell 2014 [27]
Goedendorp 2013 [62]
Gotts 2015 [32]

Hou 2014 [42]
Ickmans 2013a [34]

Ickmans 2013b [30]

Ickmans 2014 [35]

Ickmans 2015 [36]

Keech 2015 [49]

Maroti 2015 [65]

Case-control

Case-control

Case-control

Case-control

Cross-sectional

Cross-sectional

Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

Non-RCT

30 CFS (209; 36+12 years)
40 HC (249Q; 35+12 years)
54 CFS (429; 43+12 years)
54 HC (429; 43+12 years)
50 CFS (399; 42+12 years)
50 HC (409Q; 42+12 years)
50 CFS (399Q; 42+12 years)
50 HC (409Q; 42+12 years)
169 CFS (1359; 37+10 years)
101 CFS (829Q; 42+13 years)
27 CFS (189; 4113 years)
35 HC (209; 36+15 years)
31 CFS (319; 36+8 years)
13 HC (139; 29+12 years)
29 CFS (299; 35+8 years)
17 HC (179; 36+9 years)

18 CFS (179; 41£13 years)

30 CFS/FM (299; 40+11 years)

30 HC (259; 37+15 years)
18 CFS (179; 41£13 years)

30 CFS/IFM (299; 40+11 years)

30 HC (25%; 37+15 years)

11 CFS (49; 3749 years)

11 HC (49; 35+13 years)

9 CFS or ME (59; 39+9 years)

SDMT, SWM, Stroop

Validity Indicator Profile

Simple RT, Choice RT, Stroop, PASAT, CVLT-II, ROCFT, FTT,
verbal fluency, CFS Symptom Inventory, CIS
Stroop, PASAT, CVLT-1I, ROCFT, Memory and attention

symptom severity, CFQ, EAQ

Simple RT, Choice RT, SDMT, ASTM

TMT, CFQ

Visual probe task, Attention Network Test

Stroop, PVT, OSPAN
Stroop, PVT, OSPAN, CIS

Stroop, PVT, OSPAN

Stroop, PVT, OSPAN

Simulated driving

Digit Span



Medow 2014 [57]

Meeus 2014 [31]

Nakatomi 2014 [28]
Neu 2014 [38]
Ocon 2012 [56]

Santamarina-Perez 2013 [52]

Schmaling 2015 [29]
Stewart 2012 [55]

Togo 2015 [37]

Yamamoto 2012 [50]

Young 2013 [64]

Case-control
experimental
Case-control
Case-control
Case-control
Case-control

experimental
Cross-sectional

Cross-sectional
longitudinal
Case-control

Case-control

Case-control

RCT

12 CFS or ME Controls (109; 42+12 years)
15 CFS/POTS (7%; 24+1 years)
11 HC (149; 22+1 years)

48 CFS (469Q; 38+12 years)

19 MS (139Q; 38+15 years)

39 HC (24Q; 42+11 years)

9 CFS/ME (69; 38+5 years)

10 HC (79; 3946 years)

16 CFS (139; 35+5 years)

14 HC (109; 32+8 years)

16 CFS/POTS (21+1 years)

20 HC (23+1 years)

68 CFS (689; 4748 years)

50 CFS (379; 44+9 years)

43 CFS/IFM (419Q; 44=+11 years)

25 CFS/POTS (22+1 years)

20 HC (2341 years)

22 CFS (43£10 years)

19 CFS+MDD (47+8 years)

29 HC (4448 years)

11 CFS (69; 35+6 years)

11 HC (59; 33+7 years)

26 CFS (259; 45 years, range: 21-59)

n-back task during upright tilt test

Stroop, PVT, OSPAN, CIS, CFS Symptom Inventory

Cogpnitive impairment score

Zazzo-Cancellation Task, SDMT, PVT, FTT

n-back task during upright tilt test, WAIS-111, WMS-III

Mental Control, PASAT, Digit Span, SDMT, TMT, Controlled
Oral Word Association Test, Tower of London, Rey Auditory
Verbal Learning Test, ROCFT, RT, Grooved Pegboard, WAIS-III
Multiple Ability Self-Report Questionnaire

n-back task during upright tilt test

Simple RT, ANT

Wechsler Card Sorting, TMT, ROCFT, Japanese WMS-R.

Behavioral Rating Inventory of Executive Function-Adult

8 CFS/ME diagnosis made by a qualified medical practitioner without specification of the diagnostic criteria; RCT = randomised control trial; CFS = chronic fatigue
syndrome; ME = myalgic encephalomyelitis; FM = fibromyalgia; POTS = postural orthostatic tachycardia syndrome; HC = healthy control; MDD = major depressive
disorder; @ = female; CFQ = Cognitive Failures Questionnaire; SDMT = Symbol Digit Modalities Test; SWM = Spatial Working Memory task; RT = response task; PASAT
= Paced Auditory Serial Addition Test; CVLT-II = California Verbal Learning Test; ROCFT = Rey-Osterreith Complex Figure Test; FTT = finger tapping test; CIS =
Checklist of Individual Strengths; EAQ = Everyday Attention Questionnaire; ASTM: Amsterdam Short-Term Memory Test; TMT = Trail-Making Test; PVT = Psychomotor
Vigilance Test; OSPAN = Operation Span; ZCT = Zazzo-Cancellation Task; WAIS-111 = Wechsler Adult Intelligence Scale; WMS = Wechsler Memory Scale.
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