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Background. Both good physical and cognitive functioning have a positive influ-
ence on the execution of activities of daily living. Patients with chronic fatigue
syndrome (CFS) as well as patients with fibromyalgia have marked cognitive deficits.
Furthermore, a good physical and functional health status may have a positive impact
on a variety of cognitive skills—a link that has been observed in young and old
individuals who are healthy, although evidence is limited in patients with CFS.

Objective. The purpose of this study was to examine whether recovery of upper
limb muscle function could be a significant predictor of cognitive performance in
patients with CFS and in patients with CFS and comorbid fibromyalgia. Furthermore,
this study determined whether cognitive performance is different between these
patient groups.

Design. A case-control design was used.

Methods. Seventy-eight participants were included in the study: 18 patients with
CFS only (CFS group), 30 patients with CFS and comorbid fibromyalgia (CFS�FM
group), and 30 individuals who were healthy and inactive (control group) were
studied. Participants first completed 3 performance-based cognitive tests designed to
assess selective and sustained attention, cognitive inhibition, and working memory
capacity. Seven days later, they performed a fatiguing upper limb exercise test, with
subsequent recovery measures.

Results. Recovery of upper limb muscle function was found to be a significant
predictor of cognitive performance in patients with CFS. Participants in the CFS�FM
group but not those in the CFS group showed significantly decreased cognitive
performance compared with the control group.

Limitations. The cross-sectional nature of this study does not allow for inferences
of causation.

Conclusions. The results suggest that better physical health status could predict
better mental health in patients with CFS. Furthermore, they underline disease
heterogeneity, suggesting that reducing this factor in future research is important to
better understand and uncover mechanisms regarding the nature of diverse impair-
ments in these patients.
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Chronic fatigue syndrome (CFS)
is a debilitating clinical disor-
der characterized by at least 6

consecutive months of self-reported,
unexplained, persistent or relapsing
fatigue that is accompanied by 4 or
more of the following symptoms
(also present for at least 6 months):
impaired memory or concentration,
sore throat, new-onset headaches,
tender cervical or axillary lymph
nodes, muscle pain, multijoint pain,
unrefreshing sleep, and postexer-
tional malaise.1 Some authors2,3 have
reported that 43% to 70% of patients
with CFS also meet the diagnostic
criteria for fibromyalgia, another
chronic debilitating condition. Fibro-
myalgia is characterized by wide-
spread musculoskeletal pain, often
associated with symptoms of fatigue,
sleep disturbances, cognitive dys-
function, and mood disturbances.4,5

Indeed, a substantial overlap exists
between fibromyalgia and CFS.2,6

Both disorders have similar symp-
toms,2 and an increasing amount
of scientific evidence indicates that
overlapping conditions such as CFS
and fibromyalgia are bound by a
common pathophysiological mecha-
nism of central sensitization.7–10

Central sensitization represents an
enhanced responsiveness of central
neurons to nociceptive and non-
nociceptive stimuli.11 It manifests as
an increased response to various
peripheral stimuli (eg, pressure,
light, sound, cold, heat) inducing
hyperalgesia and allodynia.9,11

A potential characteristic of central
sensitization as a dysfunction of the
central nervous system is the cogni-
tive impairment that is reported very
frequently by both patients with
CFS and patients with fibromyalgia.
Slowed response speed appears to
be the most prominent and consis-
tently affected cognitive function
in patients with CFS.12–16 However,
inconsistencies about deficits in
other cognitive domains have been

reported,17–23 and these inconsisten-
cies, among others, may be due
mainly to the heterogeneity of this
disorder. Indeed, similar to CFS,
cognitive deficits are experienced
as very troublesome complaints by
patients with fibromyalgia as well.
Cognitive impairments seen in these
patients, however, are different
from those seen in patients with CFS,
with impaired working memory
performance being most consis-
tently reported.5 Disease heteroge-
neity and the effect of comorbid ill-
nesses such as fibromyalgia have not
yet been studied extensively in rela-
tion to cognitive function or dysfunc-
tion in CFS and thus may explain, in
part, the inconsistent findings in the
literature.

In addition, good physical and func-
tional health status may have a posi-
tive impact on a variety of cogni-
tive skills. This positive link between
physical and mental health has been
observed in young and old individu-
als who were healthy.24,25 Although
the little research that has been
conducted supports a positive rela-
tionship between physical and men-
tal health,12,26,27 evidence is limited
in patients with CFS. Furthermore,
both good physical and cognitive
functioning have a positive influence
on the execution of activities of daily
living.28

The literature suggests the existence
of feedback systems starting from
peripheral structures (eg, muscles
and joints) that influence brain activ-
ity through signaling systems.29

Because motor or physical activity is
linked to cognitive functioning and
to neuroplasticity,29 and obviously
also is connected to muscle fatigue
and recovery, examining cognitive
performance and its association with
recovery of peripheral muscle func-
tion (as 2 possible features of central
sensitization) could indirectly reflect
neural health in patients with CFS.
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For the reasons outlined above, this
study aimed at examining whether
recovery of upper limb muscle func-
tion could be a significant predictor
of cognitive performance in patients
with CFS and patients with CFS
and comorbid fibromyalgia. A sec-
ond aim was to investigate whether
cognitive performance is different
between these patient groups.

Method
Study Design and Setting
This study was designed as a blinded
case-control study in line with the
STROBE Statement.30 All assess-
ments took place at the Pain in
Motion research laboratory of Artesis
University College Antwerp and
Vrije Universiteit Brussel between
February 2011 and December 2012.
All participants gave written informed
consent prior to commencement of
the study.

Participants and Assessments
The study sample consisted of 3
groups of participants. Patients with
a diagnosis of CFS were split into a
group of patients with CFS only (CFS
group) and a group of patients with
CFS and comorbid fibromyalgia
(CFS�FM group). The third group
consisted of individuals who were
healthy and inactive (control group).
Each study participant had to be
Dutch speaking and aged between
18 and 65 years.

Patients with CFS were recruited
from a private practice for internal
medicine through calls during
patient information sessions and
advertisements placed in the news-
letter of a local patient support
group. Written confirmation of a CFS
diagnosis, as defined by the Centers
for Disease Control and Prevention
(CDC) 1994 criteria for CFS,1 was
required from each participant’s
physician before study participa-
tion. The comorbid diagnosis of FM
was identified according to the
American College of Rheumatology

(ACR) 2010 criteria for fibromyal-
gia.31 To satisfy these diagnostic cri-
teria for fibromyalgia, the following
3 conditions have to be met:
(1) Widespread Pain Index (WPI)
score �7 and symptom severity (SS)
scale score �5, or WPI score 3–6
and SS scale score �9; (2) symptoms
have been present at a similar level
for at least 3 months; and (3) the
patient does not have a disorder that
would otherwise explain the pain.31

Condition 3 also is required in the
diagnosis of CFS and has conse-
quently been ruled out by the
patient’s physician. As mentioned in
the original article by Wolfe et al,31

this simple clinical case definition
of fibromyalgia correctly classifies
88.1% of cases classified by the ACR

classification criteria and does not
require a physical or tender point
examination. Therefore, and to ensure
blinding of the assessor (physical
therapist), the other conditions
(WPI, SS, and symptom duration)
were identified using a self-reported
questionnaire. The control group
comprised individuals who were
healthy (pain-free and without any
chronic disease) and inactive and
was drawn from relatives, friends,
or acquaintances of researchers,
students, university personnel, or
patients participating in the study.
Inactive was defined as working in
an occupation that did not require
moderate to intense physical labor
and performing a maximum of 3
hours of moderate physical activity

The Bottom Line

What do we already know about this topic?

Patients with chronic fatigue syndrome (CFS) as well as patients with
fibromyalgia often report debilitating cognitive problems. As already
observed in young and old individuals who are healthy, good physical and
functional health may have a positive impact on a variety of cognitive
skills. In patients with CFS with and without fibromyalgia, evidence
regarding this interrelationship is limited.

What new information does this study offer?

This study shows that recovery of upper limb muscle function (as a
measure of physical health/fitness) is a significant predictor of cognitive
performance in patients with CFS with and without cormorbid fibromy-
algia, suggesting that better physical health could possibly lead indirectly
to an up-regulation of brain plasticity in these patients. Furthermore, the
results of this study indicate that patients with CFS and comorbid fibro-
myalgia have worse cognitive performance compared with participants
who are healthy. This finding also was observed in patients with CFS only,
but to a far lesser extent.

If you are a patient/caregiver, what might these
findings mean for you?

Although the cross-sectional nature of this study does not allow for
inferences of causation, these findings suggest that patients with CFS with
and without fibromyalgia may experience cognitive benefits from better
physical fitness.
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per week. Moderate physical activ-
ity is defined as activity demanding
at least threefold the energy spent
passively.32

In order to preclude confounding
factors, participants could not have
intellectual disabilities and could not
be pregnant or less than 1 year post-
natal. Furthermore, all participants,
if applicable, were asked to stop tak-
ing antidepressive, antiepileptic, and
pain medications 2 weeks prior to
study participation and were asked
not to undertake physical exertion
and to refrain from consuming caf-
feine, alcohol, or nicotine on the
days of the assessments. For ethical
reasons, participants were able to
take nonopioid analgesics as
described in the first step of the
World Health Organization analgesic
ladder (nonsteroidal anti-inflammatory
drugs, acetylsalicylic acid, and parac-
etamol) during the study period but
not on the days of the assessments.

The study consisted of 2 assessment
sessions, separated by 7 days and
performed by the same assessor,

who was blinded to whether partic-
ipants were patients or controls
(Fig. 1). On the first day, after signing
the informed consent form, collect-
ing data on personal characteristics
(age, sex, height, weight, disease
duration, fibromyalgia criteria, and
occupational situation) and checking
for the presence of possible con-
founders, all participants completed
3 performance-based cognitive tests
on a computer. Seven days later, on
the second testing day, they per-
formed a fatiguing exercise test and
subsequent recovery measures with
a hydraulic handheld dynamometer.
Finally, at the end of the second
assessment session, the success of
assessor blinding was examined by
asking whether the assessor thought
the participant belonged to a patient
group (CFS or CFS�FM) or to the
control group.

Cognitive Tests
To investigate cognitive function,
the Stroop task, the psychomotor
vigilance task (PVT), and the opera-
tion span (OSPAN) task with con-
comitant mathematical processing

were used. All 3 tests were con-
ducted on the same computer and
in the same order (Stroop task, PVT,
and OSPAN) by every participant.
To ensure standardization of the
procedure, each test began with the
presentation of written instructions
for that particular test. Short breaks
(�5 minutes) were allowed between
tests. Completion of the entire test
battery took about 50 minutes. Each
of the 3 tests has been used and
described in detail in 2 of our previ-
ous studies of female patients with
CFS.12,33

The Stroop task34 was used to assess
selective attention, cognitive inhibi-
tion, and choice reaction time (RT).
In this test, different stimuli (words
or “XXX”) appeared in different col-
ors (yellow, green, red, or blue) in
the middle of the computer screen.
The meaning of the stimulus is the
task-irrelevant dimension, and the
color in which the stimulus is pre-
sented is the task-relevant dimen-
sion. Accordingly, participants were
instructed to respond to the pre-
sented ink color in which stimuli
were written by pressing the corre-
sponding color key on the keyboard
as quickly and as accurately as
possible. The presented stimuli
could be classified under 2 different
conditions: “incongruent” (word and
color are different [eg, the word
“red” displayed in green]) and “no
word” (“XXX” presented in one
color). Mean response RT and accu-
racy were recorded for each condi-
tion. In order to quantify cognitive
inhibition, the RT of the no-word
condition was subtracted from the
RT of the incongruent condition.
Thus, an interference score is pro-
vided, which can be seen as an indi-
cator of the inhibition subcompo-
nent of executive functioning.
Deficits in cognitive inhibition
should result in an increased Stroop
interference score.

Patients with CDC-
defined CFS (n=18)

Patients with CDC-
defined CFS+

comorbid FM (n=30)

Healthy inactive
controls (n=30)

1st visit: day 1
1.  Information leaflet + informed consent
2.  Collecting personal characteristics
3.  Performance-based cognitive tests

1.  Fatiguing exercise test with handheld
     dynamometer
2.  Recovery measures
3.  Success of blinding

2nd visit: day 8

Figure 1.
Flow chart of the study. CDC�Centers for Disease Control and Prevention,
CFS�chronic fatigue syndrome, FM�fibromyalgia.
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The PVT35 was used to assess sus-
tained attention (or vigilance) and
simple RT. Participants were
instructed to respond to a visual
stimulus (red spot on black back-
ground) that appeared in the middle
of the screen at random interstimu-
lus intervals (2–10 seconds). They
were required to press the mouse
button as quickly as possible when-
ever they perceived the appearance
of the stimulus on the screen. If the
participant did not respond within
500 milliseconds, the trial was
recorded as a lapse. The PVT ran for
a total time of 10 minutes. The mean
RT of correct responses (�500 mil-
liseconds) and the number of lapses
were recorded.

Working memory capacity was
assessed using the OSPAN task with
concomitant mathematical process-
ing as described by Conway and
Engle.36 The task began with a prac-
tice block (divided into 3 sections).
First, participants had the chance to
practice the simple letter span. They
saw letters appear on the screen one
at a time. After having seen the
whole letter span, they had to recall
these letters in the same order in
which they saw them.

Next, participants practiced the
mathematical portion of the OSPAN
task. They first saw a mathematical
operation appear on the screen (eg,
[7 � 3]�3�?). Then, a number (eg,
18) was presented on the screen,
and participants were instructed to
respond if the number was the cor-
rect solution by clicking on “True”
or “False.” The final practice session
consisted of performing both the let-
ter recall and the mathematical oper-
ations together. Participants first had
to solve the mathematical operation
and only then saw the letter to be
recalled. The dual-task design with
the mathematical processing was
used to keep the task-relevant infor-
mation (letter span) active and acces-
sible in memory during the execu-

tion of complex cognitive tasks
(mathematical operations). After the
completion of the 3 practice ses-
sions, the program automatically
proceeded to the experimental
block, which was the same as the
final practice session (mathematical
operations � letter recall). The
experimental block consisted of 3
sets of each set size (ranging from 3
to 7). Thus, a total of 75 letters and
75 mathematical problems were pre-
sented. At the end of the experi-
ment, the OSPAN total score was reg-
istered and used for further data
analyses. This score indicates the
number of letters recalled in the cor-
rect position (regardless of whether
the whole letter set was correct) and
is a measure of working memory
capacity.

Fatiguing Exercise Test and
Recovery Measurements
The procedure utilized to assess
recovery from fatiguing exercise in
this study was used and described in
a previous study by our group.37 The
method is briefly explained here. For
details, the reader is referred to the
previous study.37 A hand exercise
was used because our clinical expe-
rience indicates that many patients
with CFS (with or without comorbid
fibromyalgia) report muscle fatigue
and abnormally slow recovery, espe-
cially of the upper limb muscles dur-
ing and after functional activities of
daily living such as combing and
washing hair, ironing, cooking, and
cleaning (eg, windows).

Recovery from fatiguing exercise
was measured using a hydraulic
handheld dynamometer (Saehan
Corp, Masan, Japan). Participants
were asked to sit on a chair while
holding the dynamometer in their
nondominant hand. First, partici-
pants were instructed to grip the
instrument as hard as possible (base-
line isometric maximum voluntary
contraction [MVC]). Next, every par-
ticipant performed a fatiguing exer-

cise test consisting of 18 maximum
contractions using a 50% duty cycle
(5-second contraction, 5-second
rest). After the fatiguing exercise test
(recovery phase), participants were
instructed to make single 5-second
isometric MVCs at time intervals of
0, 5, 10, 15, 20, 30, and 45 minutes
postexercise. These values were
converted into percentages of base-
line MVC, with the latter being taken
as 100%. For statistical analyses, the
recovery data were split into 3 sec-
tions: MVCstart (MVC at 0 minutes
postexercise), MVCmid (mean of the
MVCs from 5 to 30 minutes postex-
ercise), and MVCend (MVC at 45
minutes postexercise).

Hydraulic instruments are the most
widely used devices that measure
grip strength. The handheld dyna-
mometer is a reliable instrument
and an objective way of measuring
strength in elderly people and peo-
ple who are physically impaired. It is
reported to have a good test-retest
reliability and interrater reliability for
clinical use (intraclass correlation
coefficient �.90) in people who
are healthy38–40 as well as in people
with muscular dystrophy, cumula-
tive trauma disorders, and lateral
epicondylitis.38

Data Analysis
Data analyses were performed using
the Statistical Package for the Social
Sciences 20.0 for Windows (IBM
Corp, Armonk, New York). Normal-
ity of the variables was tested using
the Kolmogorov-Smirnov goodness-
of-fit test and through visual inspec-
tion of the histograms and distribu-
tion graphs. Comparability of the
groups was studied with a Pearson
chi-square test for sex and occupa-
tional situation and with a one-way
independent analysis of variance
(ANOVA) for age, body mass, height,
body mass index, and disease
duration.

Cognitive Task Performance in Chronic Fatigue Syndrome With and Without Fibromyalgia
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Cognitive performance was com-
pared among the groups with a one-
way independent ANOVA for vari-
ables that were normally distributed
and variables that were normalized
through logarithmic transformation.
When a significant main effect was
found, Bonferroni post hoc compar-
isons were performed to identify
significant differences among the 3
groups. Variables still lacking normal
distribution after transformation were
compared with a nonparametric
Kruskal-Wallis test. Post hoc paired
comparisons were performed when
a main effect was found. To remove
the bias of possible confounding
variables such as time of cognitive
testing and occupational situation,
these analyses were repeated once
again using analysis of covariance
(ANCOVA). Time of cognitive test-
ing and occupational situation were
separately entered as covariates into
the analyses.

To determine the association
between recovery of upper limb
muscle function and cognitive per-
formance correlation analyses (Pear-
son and Spearman) were performed.

When calculating the statistical sig-
nificance of the correlations, no cor-
rection for multiple comparisons
was done due to the exploratory
nature of this study and to minimize
the risk of type II errors. For all cor-
relation analyses, only the MVC dur-
ing recovery that revealed the stron-
gest association with performance
on cognitive tests (based on P values
and on correlation coefficients) was
considered for further regression
analyses. Hence, the outcome of the
correlation analyses was used only
for identifying the appropriate vari-
ables for the regression analysis.

Simple linear regression analyses
were performed to determine
whether recovery of upper limb
muscle function could be a signifi-
cant predictor of cognitive perfor-
mance in the CFS and CFS�FM
groups. Because age may signifi-
cantly influence cognitive function
as well as recovery of peripheral
muscle function, the analysis also
was performed with age entered
as additional predictor variable
(covariate).

For all comparisons (except for
the correlation analyses), P�.05
(2-sided) was considered statistically
significant. Data are reported as
means (SD) within the text and in
Table 1 and as means (standard error
of the mean) in Figure 2.

Power calculations were performed
with the program G*Power 3.1.5
(Franz Faul, Kiel, Germany).41 The a
priori sample size calculation was
based on the results of our previous
study on the association between
cognitive performance and physical
fitness and activity in women with
CFS.12 The calculation revealed that
a total sample size of at least 39 par-
ticipants would provide 82% power
with ��.05 to detect a difference in
cognitive performance among the 3
groups. The post hoc power analysis
also indicated a power of �99%
(N�78, ��.05). Because the rela-
tionship between upper limb muscle
recovery and cognitive performance
has not been investigated previously,
no data were available to provide a
basis for an a priori power analysis.
Hence, a post hoc power analysis
was performed for the linear regres-
sion analyses (simple and multiple).
For the simple linear regression anal-
yses, the post hoc power analysis
revealed 97% power (n�30, ��.05)
in the CFS�FM group and 75%
power (n�18, ��.05) in the CFS
group. Adding an extra predictor
(age) to the model yielded 94% and
71% power in the CFS�FM and CFS
groups, respectively.

Results
This report is the second from a
study examining, among other fac-
tors, the association between cog-
nitive performance and various
aspects of central sensitization in
patients with CFS. For the results on
recovery of upper limb muscle func-
tion in patients with CFS with and
without comorbid fibromyalgia, we
refer the reader to our first report.37

Table 1.
Demographic Data of the Study Samplesa

Variable
CFS Group

(n�18)
CFS�FM Group

(n�30)
Control Group

(n�30)

Age (y)b 40.6 (12.5) 40.2 (10.7) 37.3 (14.5)

Women, n (%)c 17 (94.4) 29 (97.7) 25 (83.3)

Body mass (kg)b 70.6 (15.3) 68.4 (12.7) 70.6 (15.7)

Height (cm)b 167.9 (5.8) 166.0 (5.2)d 170.6 (6.5)

Body mass index (kg/m2)b 25.1 (5.3) 24.8 (4.3) 24.2 (4.7)

Disease duration (mo)b 154.1 (186.5) 135.0 (103.5) 0.0 (0.0)e

Occupational situationc 13 inactive 18 inactive 8 inactive

2 part-time 5 part-time 2 part-time

1 full-time 3 full-time 11 full-time

2 students 4 students 9 students

a Values are means (SD) or numbers (%). CFS group�patients with chronic fatigue syndrome,
CFS�FM group�patients with chronic fatigue syndrome � fibromyalgia, control group�individuals
who were healthy and inactive.
b Statistical analyses were performed using a 1-way independent analysis of variance.
c Statistical analyses were performed using a Pearson chi-square test.
d Significant difference between CFS�FM and control groups (P�.01).
e Significant difference between CFS�FM and CFS groups and control group (P�.001).
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Group Characteristics
Forty-eight patients with CFS (30
with fibromyalgia and 18 without
fibromyalgia) and 30 control partici-
pants were included. Hence, 62.5%
of the patients with CFS also met the
ACR 2010 criteria for fibromyalgia.
Demographic data of the 3 study
samples are listed in Table 1. The
groups were comparable for sex dis-
tribution, age, body weight, and
body mass index (P�.05) but not for
body height (F2,75�4.69, P�.012)
and occupational situation (�2

6�
17.74, P�.007). Disease duration
was not significantly different
(P�1.00) between the 2 patient
groups.

Cognitive Performance
Cognitive performance of the
CFS�FM, CFS, and control groups is
shown in Figure 2. The 1-way inde-
pendent ANOVA indicated signifi-
cant main effects for Stroop RT of
the incongruent condition (F2,75�
4.85, P�.01), Stroop RT of the
no-word condition (F2,75�4.53,
P�.014), PVT RT (F2,75�21.18,
P�.001), and PVT lapses (F2,75�
9.39, P�.001). Subsequent post hoc
analyses revealed that participants in
the CFS�FM group were signifi-
cantly slower (longer RTs) than con-
trols in both the incongruent condi-
tion (P�.008) and the no-word
condition (P�.011) of the Stroop

task (Figs. 2A and 2B, respectively).
Furthermore, both the CFS�FM
group and the CFS group showed
significantly longer RTs on the PVT
than controls (P�.001 and P�.002,
respectively). The CFS�FM group
also showed a significantly higher
percentage of lapses on the PVT
compared with the control group
(P�.001) (Fig. 2D). No significant
main effects for OSPAN total score
were found (F2,75�1.62, P�.204)
(Fig. 2E). The nonparametric
Kruskal-Wallis test revealed signifi-
cant main effects for Stroop accuracy
percentage of the incongruent con-
dition (H2�8.58, P�.014) and for
Stroop interference scores (H2�8.25,

Figure 2.
Cognitive performance in patients with chronic fatigue syndrome (CFS group, n�18), patients with chronic fatigue syndrome �
fibromyalgia (CFS�FM group, n�30), and participants who were healthy and inactive (control group, n�30). Values are
means�standard errors of the mean. RT IC�reaction time in incongruent condition, RT NWC�reaction time in no-word condition,
PVT�psychomotor vigilance task, OSPAN�operation span. (A) Reaction times and accuracy percentages for the incongruent
condition of the Stroop task. (B) Reaction times and accuracy percentages for the no-word condition of the Stroop task. (C) Stroop
interference scores. (D) Reaction times and number of lapses on the PVT. (E) Total scores on the OSPAN task. Statistically significant
differences between the CFS�FM or CFS group and the control group are indicated with asterisks (*P�.05, **P�.01, ***P�.001).
Statistically significant differences in Stroop reaction times (graphs A and B) between the CFS�FM group and the control group
became nonsignificant after controlling for occupational situation (P�.05).
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P�.016). No significant main effect
was indicated for Stroop accuracy
percentage of the no-word condition
(H2�0.11, P�.945) (Fig. 2B). Post
hoc paired comparisons indicated a
significantly lower accuracy percent-
age of the incongruent Stroop condi-
tion (P�.011) and a significantly
greater Stroop interference score
(stronger Stroop effect) (P�.013) in
the CFS�FM group compared with
the control group (Figs. 2A and 2C,
respectively). In all post hoc compar-
isons, no statistically significant dif-
ferences (P�.05) were found
between the CFS and CFS�FM
groups.

The ANCOVA revealed that the cova-
riate time of cognitive testing (early
morning, late morning, early after-
noon, late afternoon) did not signifi-
cantly predict any of the cognitive
test results (P�.05). Hence, all
results remained the same after con-
trolling for time of cognitive testing.
When “occupational situation” was
entered as a covariate in the model,
the ANCOVA indicated that the cova-
riate significantly predicts OSPAN
total score (P�.001) but not the
other cognitive test results (P�.05).
However, when the effect of occu-
pational situation was removed
(when controlling for occupational
situation), the earlier mentioned sig-
nificant differences in Stroop RTs
became nonsignificant (P�.074 and
P�.94 for the incongruent and
no-word conditions, respectively).
All other results remained the same
after controlling for occupational
situation.

Association Between Recovery of
Upper Limb Muscle Function and
Cognitive Performance
Correlation analyses. In the
CFS�FM group, the correlation anal-
ysis revealed significant negative cor-
relations between recovery capacity
at the beginning of the recovery
phase (MVCstart) and Stroop RT
of the incongruent and no-word

conditions (r��.43, P�.018, and
r��.45, P�.012, respectively) and
Stroop interference (r��.43,
P�.017). Furthermore, significant
associations were found between
recovery capacity during the middle
part of the recovery phase
(MVCmid) and Stroop RT of the
incongruent condition (r��.36,
P�.048), Stroop RT of the no-word
condition (r��.64, P�.001), PVT
RT (r��.48, P�.007), PVT lapses
(r��.59, P�.001), and OSPAN total
score (r�.59, P�.001). Finally, in
this patient group, recovery capacity
at the end of the recovery phase
(MVCend) was significantly inversely
related to PVT RT (r��.39,
P�.032).

In the CFS group, MVCstart was
not significantly related to cognitive
performance (P�.05). There was a
significant negative association
between MVCmid and PVT lapses
(r��.55, P�.017), and both MVC-
mid and MVCend were significantly
inversely related to Stroop RT of
the no-word condition (r��.58,
P�.012, and r��.47, P�.048,
respectively).

No significant correlations between
recovery capacity of upper limb
muscle function and cognitive per-
formance were found in the control
group (P�.05).

Regression analyses. Based on
the outcome of the correlation anal-
yses, recovery capacity during MVC-
mid was considered for further
regression analyses. To determine
whether recovery of upper limb
muscle function could be a signifi-
cant predictor of cognitive perfor-
mance in patients with CFS and in
patients with CFS and comorbid
fibromyalgia, simple linear regres-
sion analyses were performed with
MVCmid entered as the predictor
variable. Table 2 presents the results
of the regression analyses in both
patient groups (CFS and CFS�FM)

with and without age entered as a
covariate. The analyses revealed that,
in patients with CFS�FM, MVCmid
was a significant predictor of cogni-
tive performance in all investigated
cognitive domains (P�.01). These
results remained significant (P�.01)
when age was included as a covari-
ate in the analyses. In the CFS group,
MVCmid was a significant predictor
of Stroop RT performance (R2�.27,
���.52, P�.026 for the incongru-
ent condition and R2�.33, ���.58,
P�.012 for the no-word condition),
Stroop interference score (R2�.24,
���.49, P�.038), and number of
lapses on the PVT (R2�.31, ���.55,
P�.017) but not for PVT RT
(R2�.20, ���.45, P�.061) and per-
formance on the OSPAN task
(R2�.12, ��.34, P�.169). When age
was entered as a covariate, MVCmid
remained a significant predictor for
Stroop RT on the no-word condition
(R2�.47, ���.47, P�.030) and for
PVT lapses (R2�.32, ���.59,
P�.017) and became a significant
predictor for PVT RT (R2�.24,
���.50, P�.049).

Success of Assessor Blinding
In the CFS and CFS�FM groups, the
assessors’ assumption regarding dis-
ease status was correct in 62.5% (30
out of 48) of the cases. In the control
group, the assessors guessed cor-
rectly in 90% (27 out of 30) of the
cases.

Discussion
This study was the first to investigate
whether recovery of upper limb
muscle function could be a signifi-
cant predictor of cognitive perfor-
mance in patients with CFS. In
addition, to extend previous investi-
gations, patients with CFS were
divided into 2 groups (CFS only and
CFS�FM) to determine the influence
of comorbid fibromyalgia on cogni-
tive performance of patients with
CFS.
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Table 2.
Results of Simple Linear Regression Analyses Predicting Cognitive Performance on Recovery of Upper Limb Muscle Function in
Patients With Chronic Fatigue Syndrome and Fibromyalgia (CFS�FM Group) and Patients With Chronic Fatigue Syndrome Only
(CFS Group)a

Dependent
Variable

Predictor
Variable

CFS�FM Group (n�30) CFS Group (n�18)

B SE (B) � P t R2 B SE (B) � P t R2

Stroop RT IC Constant 3248.70 443.48 3313.41 �23.71

MVCmid �24.13 5.48 �0.55 .002 �3.52 0.31 �0.006 0.002 �0.52 .026 �2.45 0.27

Stroop RT NWC Constant 2205.66 253.53 2073.52 382.28

MVCmid �13.79 3.13 �0.64 <.001 �4.40 0.41 �11.81 4.19 �0.58 .012 �2.82 0.33

Stroop INT Constant 1043.04 256.91 1239.89 405.30

MVCmid �10.33 3.17 �0.52 .003 �3.26 0.28 �11.91 4.44 �0.49 .038 �2.26 0.24

PVT RT Constant 439.11 33.61 428.27 53.76

MVCmid �1.20 0.42 �0.48 .007 �2.89 0.23 �1.19 0.59 �0.45 .061 �2.01 0.20

PVT lapses Constant 61.94 11.94 55.41 17.39

MVCmid �0.57 0.15 �0.59 .001 �3.87 0.35 �0.51 0.19 �0.55 .017 �2.65 0.31

OSPAN total score Constant 12.09 10.08 29.59 17.08

MVCmid 0.48 0.12 0.59 .001 3.83 0.34 0.27 0.19 0.34 .169 1.44 0.12

Adjusted for age

Stroop RT IC Constant 2669.14 562.73 2424.47 922.16

MVCmid �24.81 5.35 �0.58 .001 �3.78 �20.14 8.29 �0.42 .062 �2.02

Ageb 15.77 9.83 0.27 .089 1.76 0.38 13.96 8.91 0.39 .077 1.90 0.41

Stroop RT NWC Constant 1984.15 330.07 1536.62 447.05

MVCmid �14.05 3.14 �0.65 <.001 �4.48 �9.65 4.02 �0.47 .030 �2.40

Ageb 6.03 5.76 0.15 .305 1.05 0.43 8.43 4.32 0.38 .070 1.95 0.47

Stroop INT Constant 684.99 323.85 887.85 509.83

MVCmid �10.76 3.08 �0.55 .002 �3.50 �10.49 4.58 �0.42 .080 �1.88

Ageb 9.74 5.66 0.27 .096 1.72 0.35 5.53 4.92 0.27 .251 0.25 0.31

PVT RT Constant 440.80 44.63 462.96 68.88

MVCmid �1.20 0.42 �0.48 .009 �2.83 �1.33 0.62 �0.50 .049 �2.14

Ageb �0.05 0.78 �0.01 .953 �0.06 0.23 �0.55 0.67 �0.19 .426 �0.82 0.24

PVT lapses Constant 58.90 15.83 64.09 22.48

MVCmid �0.58 0.15 �0.59 .001 �3.82 �0.54 0.20 �0.59 .017 �2.67

Ageb 0.08 0.28 0.05 .767 0.30 0.35 �0.14 0.22 �0.14 .539 �0.63 0.32

OSPAN total score Constant 31.85 12.00 38.64 22.05

MVCmid 0.50 0.11 0.62 <.001 4.38 0.23 0.20 0.29 .257 1.18

Ageb �0.54 0.21 �0.36 .016 �2.57 0.47 �0.14 0.21 �0.17 .514 �0.67 0.14

a RT IC�reaction time in incongruent condition, RT NWC�reaction time in no-word condition, INT�interference, PVT�psychomotor vigilance task, PVT
RT�psychomotor vigilance task reaction time, OSPAN�operation span, MVCmid�mean of the isometric maximum voluntary contraction. Significant
P values are shown in bold type.
b Included as covariate.
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We found that recovery of upper limb
muscle function was a significant pre-
dictor of cognitive performance in the
CFS�FM group. Interestingly, recov-
ery of upper limb muscle function
seemed to be a significant predictor of
cognitive performance in the CFS
group but only for the cognitive
domains of simple and choice RT and
sustained attention.

The results of this study demon-
strated that the CFS�FM group
showed significantly decreased RT
(simple and choice), cognitive inhi-
bition, and selective and sustained
attention in comparison with the
control group. Although the CFS
group also showed worse results on
cognitive tests compared with the
control group, these differences
were significant only for simple RT.

Cognitive Performance and
Recovery of Upper Limb
Muscle Function
This study revealed that recovery of
upper limb muscle function is a sig-
nificant predictor of cognitive per-
formance in patients with CFS, with
and without comorbid fibromyalgia.
There are several ways in which a
better recovery of muscle function
could lead to better cognitive perfor-
mance. In a previous study,12 we
demonstrated the presence of a sig-
nificant positive association between
physical fitness and cognitive perfor-
mance in female patients with CFS.
Indeed, the benefits of better physi-
cal performance on a wide range of
cognitive domains have been dem-
onstrated in people who were
healthy as well in patients with
chronic pain.42–44 However, the bio-
logical mechanisms that underlie
these beneficial effects are still not
fully elucidated. Different systems
(eg, nervous, cardiovascular, and
endocrinological) and mechanisms
(eg, supramolecular, molecular, and
cellular) may interact at different
levels.

Although many exciting findings
have been made in the past 2
decades, it remains a challenge to
understand the complex relationship
between these different systems and
mechanisms and the way in which
they mediate the benefits of physical
health on cognitive function.29 Tak-
ing into account what is already
known, improvements in physical
and functional health status could
possibly lead to an up-regulation of
brain plasticity. De Lange et al45

showed a significant relationship
between gray matter volume and the
amount of general physical activity
in patients with CFS. In this perspec-
tive, it is plausible that the link
between recovery of muscle func-
tion and cognitive function in
patients is driven by neurogenesis,
angiogenesis, or both, possibly
involving at the molecular level the
increased availability of several
growth factors such as brain-derived
neurotrophic factor, insulin-like
growth factor 1, and vascular
endothelial-derived growth factor.
However, we do not exclude the
possibility that other mechanisms
also are involved and that different
biological mechanisms underlie
exercise, physical status, and cogni-
tive function in patients with CFS,
with and without comorbidities such
as fibromyalgia.

Cognitive Performance
The CFS�FM group exhibited cogni-
tive deficits that are consistent with
previous findings in patients with
CFS.12–16 Additionally, the cognitive
deficits demonstrated by the CFS
group, although less pronounced
than in the CFS�FM group, are in
accordance with these findings. The
CFS group demonstrated signifi-
cantly worse performance on simple
RT (PVT) compared with the control
group, whereas the CFS�FM group
performed worse on all cognitive
domains except on working memory
performance. The finding that cogni-
tive deficits were more pronounced

in patients with CFS and fibromyal-
gia in comparison with those with-
out fibromyalgia, although not in
accordance with the findings of
Cook et al,16 is in line with our
expectations. Pain has been shown
to impair cognitive performance in
patients with chronic pain in gen-
eral46 and in patients with fibromyal-
gia in particular.47 Furthermore,
recently our group was the first to
investigate the association between
cognitive performance and pain sever-
ity in CFS patients. Interestingly, the
results of this study revealed no
association between pain severity
and cognitive functioning in female
patients with CFS.33 It has been
shown that both patients with fibro-
myalgia and those with CFS exhibit
reduced cerebral gray matter vol-
ume, which is associated with worse
cognitive performance.45,48,49

A possible explanation for our findings
could be that this gray matter volume
reduction causes, either directly or
indirectly, cognitive impairment in
these patients. However, we suggest a
different neurobiological basis in fibro-
myalgia and CFS. In both conditions, it
could be hypothesized that the pres-
ence of central sensitization might
explain the reduced gray matter vol-
ume observed with persistent nocice-
ptive input to the brain, in this way
causing neuroplastic adaptations in
terms of cortical plasticity. Subse-
quently, in patients with comorbid
fibromyalgia, cognitive pathways
could be influenced indirectly follow-
ing changes in pain pathways,
whereas cognitive performance might
be influenced more directly by the
persistent nociceptive input in
patients with CFS.

Limitations, Strengths, and
Suggestions for Further Research
The present study had a few limita-
tions as well as several strengths that
should be mentioned. First, the num-
ber of participants in the CFS group
was rather small for the regression
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analysis. This limitation could possi-
bly explain why recovery of muscle
function was not found to be an
equally strong predictor for cogni-
tive function in both patient groups.
However, for the comparisons among
the groups, the study appeared to be
sufficiently powered. Second, we did
not include a test for malingering
in our study protocol. However, we
attempted to tackle this shortcoming
by using the Stroop task as a diagnos-
tic tool for identifying malingerers.
This technique is based on the knowl-
edge that the presence of a Stroop
interference effect is a normal finding
in people who are healthy as well as in
patients with cognitive impairment.
Patients with a high suspicion of
malingering show an inversion of the
Stroop interference effect, usually in
combination with longer RTs,
increased error percentages, or
both.50 No malingerers were identified
in this study. Finally, the cross-
sectional and exploratory nature of
this study should be highlighted. The
cross-sectional nature of the study
does not allow for inferences of cau-
sation. Given the absence of previous
data regarding the association
between cognitive performance and
recovery of muscle function, an
exploratory approach was used to test
several hypotheses. Although we
accounted adequately for possible
type I and II errors in the statistical
analyses, the latter entails that findings
must be considered cautiously.

Besides these limitations, this study
also had several strengths. The most
important one is that our control
group was matched to both patient
groups for age, sex, and body mass
index. Both CFS groups also were
matched for disease duration. The
participants in the control group had
to be inactive because patients with
CFS are known to have a more sed-
entary lifestyle. In this way, observed
differences between groups could
not be due to a higher activity level
of the control group. Another impor-

tant strength of this study is that we
reduced the heterogeneity of the dis-
ease by including patients with CFS
according to the same strict diagnos-
tic criteria and by dividing this group
into subgroups based on fibromyal-
gia comorbidity. Furthermore, we
anticipated sources of bias such as
pregnancy; use of medications, caf-
feine, alcohol, and nicotine; and
physical exertion on the days of the
assessments. Finally, we attempted
to blind the assessor regarding par-
ticipants’ disease status. However,
blinding was successful in only
37.5% of the patients and in only 10%
of the controls.

Future studies should try to account
for the aforementioned limitations.
Furthermore, they should continue to
explore the relationship among exer-
cise, indexes of physical and func-
tional health status, and cognitive
function in patients with chronic pain.
Taking into account the important
role that pain plays in cognitive func-
tioning, investigating the extent to
which altered pain processing and
endogenous pain inhibitory mecha-
nisms might be related to cognitive
dysfunctions in patients with CFS,
with and without FM, might also
reveal some exciting results. These
results might even open doors for fur-
ther applied research as well as funda-
mental research.

In conclusion, recovery of upper limb
muscle function is a significant predic-
tor of cognitive performance in
patients with CFS, suggesting that bet-
ter physical health status could possi-
bly lead (indirectly) to an
up-regulation of brain plasticity in
these patients. Furthermore, worse
cognitive performance was observed
in patients with CFS and comorbid
fibromyalgia compared with controls.
This finding also was observed in
patients with CFS only but to a far
lesser extent, suggesting that reducing
the heterogeneity of the disorder in
future research is important to better

understand and uncover mechanisms
regarding the nature of diverse impair-
ments in these patients.
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