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Background and Objectives. Cognitive complaints are common in fibromyalgia (FM) and chronic fatigue syndrome (CFS). Fatigue
as well as pain may require greater effort to perform cognitive tasks, thereby increasing the load on processing in the central
nervous system and interfering with motor control. Methods. +e effect of a concurrent arithmetic cognitive task on postural
control during quiet standing was investigated in 75 women (aged 19–49 years) and compared between FM, CFS, and matched
controls (n � 25/group). Quiet standing on a force plate was performed for 60 s/condition, with and without a concurrent
cognitive task. +e center of pressure data was decomposed into a slow component and a fast component representing postural
sway and adjusting ankle torque. Results. Compared to controls, CFS and FM displayed lower frequency in the slow component
(p< 0.001), and CFS displayed greater amplitude in the slow (p � 0.038 and p � 0.018) and fast (p � 0.045) components. +ere
were no interactions indicating different responses to the added cognitive task between any of the three groups. Conclusion.
Patients displayed insufficient postural control across both conditions, while the concurrent cognitive task did not perturb quiet
standing. Fatigue but not pain correlated with postural control variables.

1. Introduction

Executive function generally requires concerted cognitive
and motor ability. In patients suffering pain and fatigue,
there is evidence of cognitive difficulties as well as motor
control deficits [1, 2], and patients often complain about
increased effort and difficulty performing cognitive tasks
[3, 4]. Cognitive dysfunctions, including working memory
impairment, attention deficit, and less efficient information-
processing capacity, are core symptoms reporting pain and
fatigue conditions, specifically in chronic fatigue syndrome
(CFS) and in fibromyalgia (FM). +ese patients are often
more troubled by cognitive difficulties than by other
symptoms [5]. Neuroimaging has demonstrated functional
and structural alterations in the central nervous system
(CNS) and a pattern of increased neural recruitment during
cognitive tasks in both CFS [6] and FM [7]. Increased effort

in these patients to perform is reported after physical as well
as mental exertion, and is seen as lingering postexertional
fatigue [8, 9]. Whether a greater mental effort and increased
neural recruitment during cognitive tasks may interfere with
motor control remains to be shown.

Possible consequences of pain and fatigue on motor
function are often forgotten but need to be recognized.
Cognitive neuroscience has shown that pain and fatigue are
overlapping symptoms between different conditions and
diagnoses and may be an effect of chronification with
changes in similar regulatory mechanisms in the central
nervous system (CNS), particularly in domains not under
voluntary control [10]. +is may affect certain aspects of
motor performance, as sensory motor learning requires
ability to maintain and update internal models. +is is
a prerequisite for prediction of action, necessary to allow
a series of events to be contained without the need of
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voluntary control [11]. Perception of pain and fatigue may
interfere with this process as deficits in balance and postural
steadiness have been demonstrated in patients with FM as
well as in CFS [12, 13] with similar deficits found in dynamic
postural control at gait initiation [14].

Notably, brain-body-environment interactions and
perception-action links are common basis for behavior
without representational separation between domains [15].
Deficits in either domain may thus affect performance when
executed concurrently due to sharing of neural networks
between cortical areas [16]. Attention and sensory in-
tegration are essential to produce appropriate motor output
such as balance control [17]. In some populations, partic-
ularly the fragile elderly, the risk of falling increases with the
addition of a concurrent task such as talking while walking
[18], and execution of multiple tasks is a major risk factor for
falls [19]. Notably, there is some evidence suggesting pre-
mature aging of brain areas in both FM and CFS [20, 21],
which may affect the execution of multiple tasks in persons
with these diagnoses.

+e addition of a cognitive task while maintaining
postural control in quiet standing is thus expected to in-
crease the load on central processing and therefore affects
the ability to sustain postural equilibrium. In healthy per-
sons, the controlling strategy appears to tighten to maintain
postural equilibrium when a cognitive component is added.
As an effect, postural sway may decrease [22]. In contrast,
elderly with risk of falling display increased rather than
decreased postural sway [23].

A dual task paradigm is generally used to study the
interference between postural control and cognitive
loading [17], and was therefore considered appropriate to
investigate motor responses during quiet standing in FM
and CFS. To find whether patients with FM and CFS would
respond either similarly to healthy young individuals with
reduced postural sway [24] or similar to elderly with in-
creased postural sway [23] and greater regulatory force
[25], both the controlled and the controlling parameters
need to be assessed [26]. +at is, on the level of perfor-
mance and on the level of control of posture. A means to
asses this is via structural data analyses by decomposition of
ground reaction forces registered by a force platform. In
addition to measures in the time domain that describe the
magnitude of these components, additional measurements
in the frequency domain are necessary to define the control
strategies [27, 28]. Impaired postural control and the effect
of added cost of a concurrent task may be expressed as
deviations in both components in both the time and fre-
quency domains.

Given the evidence that pain as well as fatigue affects
motor and cognitive ability and findings of reduced pos-
tural stability, cognitive complaints, problems with sensory
integration, and signs of premature aging in patients with
FM and in patients with CFS, it was hypothesized that
a cognitive task would cause an increased load on central
processing in both patient groups. +is would cause re-
duced drive for maintaining satisfactory postural control.
Hence, postural sway was expected to increase, similar to in
elderly [25].

2. Methods

A cross-sectional case-control study was designed to in-
vestigate the effect of a concurrent cognitive task on postural
control parameters during quiet standing. Seventy-five fe-
males, aged 19–49 years, participated in this study (Table 1).
+e number of participants was estimated based on a pre-
vious study, using a similar protocol, on schizophrenic
patients with 30 participants divided into two groups [29]. In
the present study with three groups and less severe condi-
tions, the number of participants was increased to 25 in each
group. Inclusion criteria were young to middle aged females,
as diagnoses of CFS and FM are predominant in women
within this age span. Patients diagnosed with both FM and
CFS were excluded. Eighty-seven patients were found eli-
gible for participation, and those interested were referred by
their attending physician and included consecutively during
a period of 20 months. +irty-two declined and data from
four were excluded due to unsatisfactory quality. One pa-
tient with FM did not complete the test due to pain. Data
were used from 25 patients diagnosed with CFS according to
the Centers for Disease Control and Prevention criteria [30]
and 25 patients diagnosed with FM according to the
American College of Rheumatology (ACR) 1990 criteria
[31]. Diagnoses were determined in collaboration between
a rheumatologist, psychiatrist, and neurologist at the Na-
tional Competence Centre for Complex Symptom Disor-
ders. Condition severity was determined by the
Fibromyalgia Impact Questionnaire (FIQ) and the Chalder
Fatigue Scale. Twenty-five healthy control (HC) persons
recruited from students and staff of the hospital and uni-
versity constituted an age- and gender-matched control
group with no history of chronic pain or fatigue. Exclusion
criteria for all were diagnosed psychiatric disorder, clinical
depression, neurological condition, musculoskeletal disor-
der, vestibular deficits, or uncorrected reduced vision po-
tentially interfering with postural control. Verbal and
written information was given, and written informed con-
sent was obtained from each participant. +e study was
registered in Clinical Trials (NCT01686074) and approved
by the Regional Ethical Committee for Medical and Health
Research Ethics (2012/679/REK midt) and conducted
according to the Declaration of Helsinki.

2.1. Data Acquisition. Participants performed two different
trials of quiet standing with open eyes on a firm surface:
a baseline condition without a concurrent cognitive task and
an experimental condition with a concurrent cognitive task.
+e concurrent task consisted of counting backward aloud
from 150 in steps of 7, designed to ensure actual execution of
the cognitive task and minimize verbalization to prevent
rhythmic counting and breathing, potentially influencing
quiet standing performance [32]. +ree-dimensional (3D)
ground reaction forces were registered at 100Hz with
a Kistler force plate (9260AA6; Kistler Instruments AG,
Switzerland).

Each test was performed once, for 60 seconds [33],
without shoes, feet parallel, and arms folded across the chest.
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Feet width was individually standardized as the distance
equal to half the shoulder width between the acromial
processes and marked on the platform to ensure the same
foot position for both conditions. All participants started
with the baseline condition to ensure equal potential
learning and/or fatigue effect. Instructions were to step onto
the platform, stand still and relaxed without moving the
head or extremities, or talk except articulating the numbers.
A red cross (21× 21 cm), 4m away at eye level, served as
a visual reference point for postural control. To establish
a steady, quiet stance, the participant was informed that the
test was commenced 10 s before the recording started and
that it was finished 3 s after the data collection was com-
pleted. One-minute seated rest was provided between the
conditions.

2.2. Data Analysis. Fifty-eight seconds of data were used
from each trial, excluding one second at the start and end of
the recording to avoid potential electronic noise from the
start and stop key. Data were analyzed inMATLAB (R2014a;
MathWorks Inc., Natick, MA). +e preprocessed center of
pressure (CoP) signals (2nd order Butterworth, 8Hz, low
pass, zero lag) was decomposed into a slow component and
a fast component according to the concept of instant
equilibrium forces [26]. Instants of equilibrium points in the
signal, when the total horizontal force equals zero, were
identified, and the CoP positions at these instants were
determined and interpolated by a cubic spline function for
estimation of the trajectory of the slow component.+e slow
component is ascribed to the movement of the center of
mass (CoM) of the body, that is, postural sway. Deviation of
CoP from the approximated trajectory of the slow com-
ponent was determined as an estimation of the trajectory of
the fast component. +e fast component can be attributed to
the torque created by the movement of the ankle joint to
control postural sway [26].

Amplitude and frequency parameters were computed for
the slow and fast components. Amplitudes were calculated
by computing the 95% confidence ellipse area (mm2), de-
fined from the first two principal components of each of the
slow and fast components [34]. +e two radii of the ellipses
were defined by the mediolateral (ML) and anteroposterior

(AP) directions. +e frequency content of the slow and fast
components in the ML and AP directions were estimated by
the Fourier analysis of the characteristics of the power
spectral density using Welch’s periodogram method [34].

2.3. Statistical Analysis. +e statistics were performed using
the SPSS statistical software (Version 22; IBM Corporation,
USA). Normal distribution was verified with P-P plots, and
histograms were inspected for control of skewness and
kurtosis. A mixed-design analysis of variance (ANOVA) was
used to analyze the effect of group, condition, and interaction
(group× condition), with group (n � 3; HC, CFS, and FM) as
the between-subjects factor and condition (n � 2; baseline
and experimental) as the within-subjects factor. Sphericity
was determined according to Mauchly’s test. Wilks’ lambda
was used for multivariate exact statistics for between-subjects
effects. Pairwise comparisons with Bonferroni corrections
were performed to identify significant differences between
groups and between conditions. Pearson correlations were
used to investigate the influence of pain, fatigue, and edu-
cation on postural control variables in the patient groups.
Age, weight, and BMI did not differ between the three groups
(Table 1), and there were no correlations between these
variables and the outcome variables. +erefore, they were not
included as covariates. Partial eta-squared (η2p) was used for
effect size. +e alpha level was set at p< 0.05.

3. Results

Overall, there were no statistical differences between CFS
and FM, and both groups displayed generally similar and
greater amplitudes and lower frequencies for the slow
component as well as the fast component compared to HC,
across both conditions (Figures 1 and 2; Table 2). Differences
in strategy for postural control as an effect of the added
concurrent cognitive task could not be inferred from single
variables as there were no significant interactions between
group and condition on any variable. Table 2 shows the
results of the main effects and post hoc comparisons. Across
patient groups, there were some scattered correlations be-
tween fatigue variables with postural control, but no cor-
relations with pain variables.

3.1. /e Slow Component. +e analysis showed that ampli-
tude (AP and ML) differed between groups: F2;71 � 3.96, p �

0.023, η2p � 0.100 (Figure 1). Significant main effects of the
group were found for amplitude in both the AP (p � 0.044)
and the ML (p � 0.020) directions. Post hoc analyses showed
greater amplitude for CFS compared to HC in the AP
(p � 0.038) and the ML (p � 0.018) directions, but no dif-
ferences were found between FM and HC (Figure 1; Table 2).

+e analysis showed that frequency differed between
groups: F2;71 � 7.03, p � 0.002, η2p � 0.162 (Figure 1). Sig-
nificant main effects of the group were found for frequency
in both AP (p< 0.001) and ML (p< 0.001) directions. Post
hoc comparisons showed similar and lower frequency for
both FM and CFS compared to HC in both the AP and the
ML directions (p< 0.001 for all) (Figure 1; Table 2).

Table 1: Characteristics of the participants in each group.

Variables HC (N � 25) CFS (N � 25) FM (N � 25)
Age (years) 34.4 (7.9) 34.0 (8.9) 38.6 (8.0)
Weight (kg) 68.0 (9.8) 71.6 (12.9) 75.4 (14.3)
Height (cm) 167.2 (7.1) 169.1 (5.4) 168.5 (6.0)
BMI (kg/m2) 24.3 (3.5) 25.2 (5.1) 26.5 (4.5)
Education (years) 16.1 (2.3)∗∗ 13.4 (2.5)∗∗ 13.5 (2.2)∗∗
Pain levela 0.08 (0.28)∗ ,∗∗ 1 (1.16)∗ 3.7 (1.8)∗∗
Fatigue levela 0.6 (0.8)∗∗ 3 (1.8)∗∗ 3.2 (2.2)∗∗
Chalder score 5.8 (5.7)∗ ,∗∗ 25.4 (3.8)∗∗ 21.1 (5)∗
FIQ — — 56.9 (13)
Data are presented as means (SD). HC: healthy control; CFS: chronic fatigue
syndrome; FM: fibromyalgia; FIQ: Fibromyalgia Impact Questionnaire.
aLevel of pain and fatigue on the day of testing registered upon arrival to the
lab. ∗Significance level 0.05; ∗∗significance level 0.01.
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As an effect of condition, the amplitude in the AP di-
rection decreased (p � 0.006) with the experimental task,
whereas the frequency increased in both the AP (p � 0.02)
and the ML (p � 0.030) directions.

3.2. /e Fast Component. +e analysis showed that ampli-
tude (AP and ML) differed between groups: F2;71 � 4.38, p �

0.016, η2p � 0.110 (Figure 2). +ere was a significant main
effect of the group for amplitude in the AP (p � 0.033) and
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Figure 1: Estimated group means (standard error) of the slow component derived from the center of pressure data representing postural
sway during quiet standing in both anteroposterior and mediolateral directions. Baseline and experimental conditions with the concurrent
cognitive task are shown.
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Figure 2: Estimated group means (standard error) of the fast component derived from the center of pressure data representing adjusting
ankle torque during quiet standing in both directions. Baseline and experimental conditions with the concurrent cognitive task are shown.
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the ML (p � 0.031) directions. Post hoc analysis showed
a greater amplitude only in the ML direction and only for
CFS (p � 0.045) compared to HC (Figure 2; Table 2). A
multivariate analysis for the AP and ML directions showed
that frequency did not differ between groups:
F2;71 � 0.20, p � 0.820, η2p � 0.006.

As an effect of condition, the amplitude increased only in
the AP direction (p � 0.005) as a response to the experi-
mental task, whereas the frequency did not change signif-
icantly (Figure 2; Table 2).

3.3. Correlations. Across patient groups, the frequency in
the AP direction in the slow component increased with
fatigue before the test across both conditions (baseline
r � 0.306, p � 0.030; experimental r � 0.329, p � 0.020). In
the experimental condition, the frequency in the AP di-
rection in the slow component also increased with fatigue
after the test (r � 0.332, p � 0.019) and with Chalder’s fa-
tigue score (r � 0.350, p � 0.001). In the experimental
condition, Chalder’s fatigue score also correlated positively
with the frequency in the ML direction in the slow com-
ponent (r � 0.318, p � 0.024). At baseline, the amplitude in
the AP direction in the fast component correlated with
fatigue before the test (baseline r � 0.405, p � 0.003). Pain
variables, including FIQ, and education did not correlate
with postural control.

4. Discussion

+is study is, to our knowledge, the first that collectively
evaluated the effect of a concurrent cognitive task on pos-
tural control in quiet standing in patients with FM and CFS
compared to controls.+e study comprised both the fast and
the slow components derived from CoP measurements,
defining the controlling variable (attributed to adjusting
ankle torque) and the controlled variable (ascribed to
postural sway), respectively. +e results supported our hy-
pothesis only in part, showing unsatisfactory postural
control in both patient groups, characterized by larger
amplitudes and lower frequencies for the slow and fast
component in both the anteroposterior and mediolateral

directions during both conditions, with and without
a concurrent cognitive task. +ere were no significant dif-
ferences between the patient groups, but the CFS group
performed in general worse than the FM group when
compared to controls. We found no interactions that sup-
ported different patterns of postural control strategies in
response to the added cognitive task in any of the patient
groups compared to controls. As seen in Figures 1 and 2, the
profiles of the responses are similar for all groups.

Both patient groups displayed larger amplitude in the
slow component, which represents the movement of the
body’s CoM, thus indicating larger postural sway. +is
suggests worse performance in patients. Both patient groups
also displayed larger amplitudes in the fast component,
which is attributed to lateral forces that controls the position
and movement of CoM. +is suggests a deficit in control
where the ankle torque is too large relative to the frequency.
Notably, the frequency of the fast component was similar
across all three groups. In theory, if the torque is too large
relative to the frequency, it will cause greater postural sway
as CoM is pushed too far in one direction before a coun-
teracting force is created [29]. Alternatively, larger postural
sway may be due to that the timing of the adjusting ankle
torque was not sufficiently synchronized to correct the drift
of CoM at the right moment. +is assumption fits with the
Drift-and-Act Hypothesis, which proposes that postural
control includes a sequence of drift-and-act episodes where
the body deviates from the vertical line until the sensory
information has been processed in the CNS and a corrective
action is initiated [35].

Our hypothesis that the amplitude of the slow compo-
nent would increase and amplitude and frequency in the fast
component decrease in patients as an effect of the con-
current cognitive task, indicating larger postural sway and
reduced drive to maintain adequate postural control, was
not supported. Even though patients in general displayed
larger amplitudes relative to the frequency in the fast
component, and larger amplitudes and lower frequencies in
the slow component, the intrinsic patterns at baseline and in
the experimental task followed a similar profile in all groups.
+is implies that the nature of the response to an added
cognitive task was not different in patients compared to

Table 2: +e results of repeated-measures ANOVA for each variable.

Variable Group ∗ condition Condition Group Post hoc

Area
CoP F(2, 81)� 0.45 F(1, 81)� 0.76 F(2, 81)� 6.16∗∗ HC-CFS∗∗, HC-FM∗

Postural sway F(2, 81)� 0.20 F(1, 81)� 4.32∗ F(2, 81)� 5.08∗∗ HC-CFS∗∗
Adjusting ankle torque F(2, 81)� 2.41 F(1, 81)� 15.93∗∗ F(2, 81)� 5.97∗∗ HC-FM∗∗

Postural sway

Amp-AP F(2, 81)� 0.84 F(1, 81)� 6.92∗ F(2, 81)� 4.36∗ HC-CFS∗
Amp-ML F(2, 81)� 0.41 F(1, 81)� 0.71 F(2, 81)� 4.90∗ HC-CFS∗
F-AP F(2, 81)� 1.61 F(1, 81)� 13.08∗∗ F(2, 81)� 22.08∗∗ HC-CFS∗∗, HC-FM∗∗
F-ML F(2, 81)� 1.24 F(1, 81)� 5.67∗ F(2, 81)� 16.01∗∗ HC-CFS∗∗, HC-FM∗∗

Adjusting ankle torque

Amp-AP F(2, 81)� 1.07 F(1, 81)� 12.38∗∗ F(2, 81)� 4.89∗ HC-FM∗
Amp-ML F(2, 81)� 0.70 F(1, 81)� 4.79∗ F(2, 81)� 4.99∗∗ HC-CFS∗, HC-FM∗
F-AP F(2, 81)� 0.82 F(1, 81)� 0.53 F(2, 81)� 2.51 —
F-ML F(2, 81)� 0.77 F(1, 81)� 0.01 F(2, 81)� 1.55 —

CoP: center of pressure; Amp: amplitude (mm); F: frequency (Hz); AP: anteroposterior; ML: mediolateral; conditions: baseline and experimental conditions
with the concurrent cognitive task; HC: healthy control; CFS: chronic fatigue syndrome; FM: fibromyalgia; ∗p< 0.05; ∗∗p< 0.010.
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controls. Similar responses in healthy subjects to added
cognitive loading during quiet standing were presented in
previous studies, showing reduced CoP area [36] and sway
amplitude [37] and increased sway frequency [32]. CoP is
a measure of the migration of the total reaction force across
the support surface and postural sway is the parameter that
the system needs to control. In addition to measures used in
these previous studies mentioned above, the present study
also assessed the fast component in the CoP signal, which is
interpreted as the lateral and controlling force that can be
attributed to ankle torque [26]. Increased amplitude in the
fast component confirmed the assumption of upgraded
control with a concurrent cognitive task in quiet standing,
proposed by Dault et al. [32]. +is furthermore supports the
assumption that arousal and postural control are related and
that a concurrent cognitive task can increase arousal and
attention compared to only quiet standing without an ad-
ditional task, thus upgrading the control [38].

Performing a concurrent cognitive task in quiet standing
increases the load on central processing [37], and was ex-
pected to negatively affect postural control in the patients.
Although the amplitude of the slow component was gen-
erally larger in patients, it decreased while performing the
concurrent cognitive task, which reflects a normal response
to an added or increased cognitive load [37]. +is normal
response in patients may be explained by that the level of
difficulty for either the cognitive or the postural task was too
low to challenge control. Other explanations may be that
patients were, despite their diagnoses, in relatively good
shape and participated on a good day. We noted several
cancellations due to feeling too unwell to come to the lab,
and one patient who was unable to finish the test due to pain.
+us, a more challenging test may, or may not, trigger re-
sponses similar to in elderly with risk of falling, that is, larger
amplitude in the slow component and reduced amplitude
and/or frequency in the fast component. +at the cognitive
task did not cause increased amplitude in the fast compo-
nent may also be explained by the “posture first principle”
[39] as attention is typically aimed toward postural control at
the cost of other tasks, to secure stability, provided a suffi-
cient level of control.

+e generally worse performance in patients compared
to controls may be explained by several factors. Deficits in
the sensory motor processing [40] and neurological
symptoms such as muscle weakness and poor balance [41]
have been reported in both FM and CFS. Evidence of the
accelerated age-related decrease in white and gray matter in
the CNS has been shown in both patient groups [20, 21],
suggesting reduced ability in central processing comparable
to elderly persons, including cognitive dysfunction that links
to postural instability [42]. Reduced attentional and cog-
nitive capacity as a result of pain and fatigue may contribute
to explain the generally reduced postural control displayed
in patients in the present study [43]. Multiple factors could
potentially contribute to explain the reduced control of
standing posture, more specifically, delayed triggering of
a corrective action, and a slow action process [1, 44].

In the present study, we could however not find any
correlations between pain, before or after the test or for FIQ,

with any of the postural control variables. Fatigue before and
after the test as well as the Chalder Fatigue Scale did in
contrast correlate with several, but apparently scattered,
postural control variables. Two correlations were found at
baseline, while four were found in the experimental con-
dition. Of those, two were for the same variable, frequency
for the slow component in the AP direction, which suggests
that the correlations were not totally random. It was however
counter intuitive that the correlations with fatigue were
positive for frequency, as frequency was generally lower in
patients. Higher frequency and larger amplitude do however
add up to higher velocity, and velocity is shown to be the
most important cue that the system uses for control of
posture rather than position or acceleration [45]. For a full
explanation of the nature of postural control deficits, several
different measurements may have to be considered.

Post hoc comparisons revealed larger and other differ-
ences for postural control in patients with CFS than in
patients with FM when compared to controls. +is finding
was in line with shown correlations between fatigue and
postural control. Notably, there is up to 70% diagnostic
overlap between CFS and FM [46], indicating that fatigue is
common also in FM. Note that education did not correlate
with postural control variables in the present study. +us,
fatigue rather than pain or cognition may explain demon-
strated deficits in postural control.

Although the response to the concurrent cognitive task
in patients did not indicate reduced control as expected, the
number of correlations between fatigue and postural control
variables increased. Importantly, there is a link between
mental fatigue and cognition, at least in CFS [3]. Previous
studies seem to point to different cognitive deficits in these
patient groups that may depend on fatigue. Slow in-
formation processing has been demonstrated in patients
with CFS, while patients with FM display impaired ability of
attention [5]. A review of the current research on neuro-
psychological functioning in CFS shows that slowed pro-
cessing speed, impaired working memory, and poor
retention of information are the most prominent features of
cognitive dysfunction [47]. Note, however, that more recent
research in cognitive neuroscience claim that overlapping
symptoms between these conditions may be an effect of
chronification with changes in similar regulatory mecha-
nisms in the CNS [10]. Essentially, described discrepancies
between cognitive difficulties in FM and CFS may thus owe
to different study methods in different studies rather than
true differences in underlying deficits. Recent studies sup-
port the findings of motor and cognitive affection both in
patients with CFS [1] and FM [2], but hitherto no specific or
unique patterns of cerebral changes have been found that
distinguish these conditions from each other.

Future research on the effect on postural control of
concurrent tasks should increase the level of task difficulty to
challenge capacity in the patients. Future research should
also study the interrelationship in central processing be-
tween pain and fatigue with cognition and motor control.

+e present results should be interpreted with reserva-
tion to the following limitations: we did not assess the
cognitive functioning, and medications were not controlled
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beyond the use of analgesics for pain. Verbalization and
respiratory pattern, as potential interference with postural
sway, was not monitored. Although the cognitive task was
designed to minimize verbalization, to prevent rhythmic
counting and thereby rhythmic breathing, the frequency of
verbalization was not standardized or controlled for. A
relatively small sample size may limit external validity due to
the great heterogeneity of symptoms in both CFS and FM.

5. Conclusion

+e intrinsic patterns at baseline and in the experimental
condition followed a similar profile in all groups, without
any interactions that supported different postural control
strategies in response to the concurrent cognitive task in
patients. Both patient groups did however display in-
sufficient postural control compared to control persons,
generally characterized by larger amplitude and lower fre-
quency in the slow component representing postural sway,
and larger amplitude in the fast component attributed to
adjusting ankle torque. It is proposed that a mismatch be-
tween the magnitude and frequency of the controlling ankle
torque induced greater postural sway in patients. +e CFS
group displayed greater differences than the FM group
compared to controls, suggesting a somewhat worse general
performance. Correlations between fatigue and postural
control but not between pain and postural control indicate
that fatigue is the explaining factor for reduced postural
control in both groups. +ere were no statistical differences
between patient groups.
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tance with data analyses.

References

[1] D. Neu, O. Mairesse, X. Montana et al., “Dimensions of pure
chronic fatigue: psychophysical, cognitive and biological
correlates in the chronic fatigue syndrome,” European Journal
of Applied Physiology, vol. 114, no. 9, pp. 1841–1851, 2014.

[2] J. Oncu, F. Basoglu, and B. Kuran, “A comparison of impact of
fatigue on cognitive, physical, and psychosocial status in
patients with fibromyalgia and rheumatoid arthritis,” Rheu-
matology International, vol. 33, no. 12, pp. 3031–3037, 2013.

[3] L. Capuron, L. Welberg, C. Heim et al., “Cognitive dys-
function relates to subjective report of mental fatigue in

patients with chronic fatigue syndrome,” Neuro-
psychopharmacology, vol. 31, no. 8, pp. 1777–1784, 2006.

[4] O. Gelonch, M. Garolera, J. Valls, L. Rosselló, and J. Pifarré,
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centre of mass feedback in mediolateral balance assessment,”
Journal of Biomechanics, vol. 48, no. 3, pp. 539–543, 2015.

[29] A. K. Stensdotter, A. K. Wanvik, and H. W. Loras, “Postural
control in quiet standing with a concurrent cognitive task in
psychotic conditions,” Journal of Motor Behavior, vol. 45,
no. 4, pp. 279–287, 2013.

[30] K. Fukuda, “+e chronic fatigue syndrome: a comprehensive
approach to its definition and study. International Chronic
Fatigue Syndrome Study Group,”Annals of Internal Medicine,
vol. 121, no. 12, pp. 953–959, 1994.

[31] F. Wolfe, H. A. Smythe, M. B. Yunus et al., “+e american
college of rheumatology 1990 criteria for the classification of
fibromyalgia. Report of the Multicenter Criteria Committee,”
Arthritis and Rheumatism, vol. 33, no. 2, pp. 160–172, 1990.

[32] M. C. Dault, L. Yardley, and J. S. Frank, “Does articulation
contribute to modifications of postural control during dual-
task paradigms?,” Cognitive Brain Research, vol. 16, no. 3,
pp. 434–440, 2003.

[33] K. Slomka, G. Juras, G. Sobota, and B. Bacik, “+e reliability of
a rambling-trembling analysis of center of pressure mea-
sures,” Gait and Posture, vol. 37, no. 2, pp. 210–213, 2013.

[34] M. Duarte and S. M. Freitas, “Revision of posturography
based on force plate for balance evaluation,” Revista Brasileira
de Fisioterapia, vol. 14, no. 3, pp. 183–192, 2010.

[35] J. Milton, J. L. Cabrera, T. Ohira et al., “+e time-delayed
inverted pendulum: implications for human balance control,”

Chaos: An Interdisciplinary Journal of Nonlinear Science,
vol. 19, no. 2, article 026110, 2009.

[36] N. Vuillerme and G. Nafati, “How attentional focus on body
sway affects postural control during quiet standing,” Psy-
chological Research, vol. 71, no. 2, pp. 192–200, 2007.

[37] G. Andersson, J. Hagman, R. Talianzadeh, A. Svedberg, and
H. C. Larsen, “Effect of cognitive load on postural control,”
Brain Research Bulletin, vol. 58, no. 1, pp. 135–139, 2002.

[38] B. E. Maki and W. E. McIlroy, “Influence of arousal and
attention on the control of postural sway,” Journal of Ves-
tibular Research, vol. 6, no. 1, pp. 53–59, 1996.

[39] A. ShumwayCook, M. Woollacott, K. A. Kerns, and
M. Baldwin, “+e effects of two types of cognitive tasks on
postural stability in older adults with and without a history of
falls,” Journals of Gerontology Series A-Biological Sciences and
Medical Sciences, vol. 52, no. 4, pp. M232–M240, 1997.

[40] C. S. McCabe, H. Cohen, and D. R. Blake, “Somaesthetic
disturbances in fibromyalgia are exaggerated by sensory
motor conflict: implications for chronicity of the disease?,”
Rheumatology, vol. 46, no. 10, pp. 1587–1592, 2007.

[41] N. F. Watson, D. Buchwald, J. Goldberg, C. Noonan, and
R. G. Ellenbogen, “Neurologic signs and symptoms in
fibromyalgia,” Arthritis and Rheumatism, vol. 60, no. 9,
pp. 2839–2844, 2009.

[42] F. B. Horak, “Postural orientation and equilibrium: what do
we need to know about neural control of balance to prevent
falls?,” Age and Ageing, vol. 35, no. 2, pp. ii7–ii11, 2006.

[43] K. D. Jones, F. B. Horak, K. Winters-Stone, J. M. Irvine, and
R. M. Bennett, “Fibromyalgia is associated with impaired
balance and falls,” Journal of Clinical Rheumatology, vol. 15,
no. 1, pp. 16–21, 2009.

[44] O. Rasouli, E. Fors, P. Borchgrevink, F. Öhberg, and
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