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Abstract

Objectives - Fatigue is common in patients with chronic
pain. Still, there is a lack of studies examining objectively
measurable cognitive aspects of fatigue: cognitive fatig-
ability (CF). We aimed to investigate the presence of CF
in patients with chronic pain and its relation to self-rated
fatigue, attention, pain characteristics, sleep disturbance,
depression, and anxiety.

Methods - Two hundred patients with chronic pain and
a reference group of 36 healthy subjects underwent a
comprehensive neuropsychological test battery, including
measurement of CF with the Wechsler Adult Intelligence
Scale-III Coding subtest, and self-assessment of trait and
state fatigue.

Results — The patients with chronic pain did not show
more CF as compared to the reference group. There was
an association between CF and processing speed on a test
of sustained and selective attention in the chronic pain group,
while self-rated fatigue measures and pain characteristics were
not associated with CF. Self-rated fatigue measures were highly
correlated with selfrated pain intensity, spreading of pain,
depression, anxiety, and sleep disturbance.
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Conclusions — The findings highlight the distinction between
objective and subjective aspects of fatigue in chronic pain, and
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1 Introduction

Fatigue is common among patients with chronic pain and
is considered one of the most disabling symptoms [1,2].
Besides fatigue, patients with chronic pain often report
cognitive symptoms and previous studies confirm that
pain is associated with impaired attention, memory, pro-
cessing speed, and executive function [3-5].

Fatigue and cognitive dysfunction might share under-
lying mechanisms. One model used to explain cognitive
deficits in chronic pain is the limited resource theory,
which postulates that attention is a limited capacity and
that pain signals compete for attentional space, disturbing
normal cognitive processing [6,7]. A slightly different per-
spective comes with the theory of neurocognitive decline [8],
proposing that cognitive deficits in patients with chronic
pain might be a consequence of pain-related structural
alterations in the brain. Those alterations seem to be more
pronounced with longer duration of pain [9], higher pain
intensity [10], and increasing age [8].

Neurocognitive changes and limited attentional resources
as a model of fatigue in patients with chronic pain are insuffi-
ciently studied. Though, in neurological conditions, such as
traumatic brain injury (TBI), explanatory models for fatigue
have been formulated, whereof one explains fatigue by the
extra mental energy it costs to compensate for brain injury-
related disturbance of the brain’s attentional networks [11].

Fatigue, like pain itself, is most often looked upon as an
inherently subjective experience [12] and measured with
various self-assessment scales. Those can be designed to
capture either momentary “state” fatigue, which is vari-
able and situation-dependent, or “trait” fatigue, i.e., fatigue
over a longer period, mirroring a more stable
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characteristic of a person [13]. While state fatigue is cap-
tured using visual analog scales, trait fatigue is measured
using uni- or multidimensional self-assessment scales [13]. A
common feature of those latter is that they tend to be asso-
ciated with and sensitive to emotional disorders such as
anxiety and depression [14,15] and sleep disorders [16], con-
ditions that are common in patients with chronic pain [17-19].
An alternative way to an objective assessment of cognitive
aspects of fatigue is to focus on cognitive fatigability (CF),
defined as performance decline on tasks requiring sustained
mental effort [20,21], and captured as decreased task accuracy
[22,23], increased response time [24], or as an increased intrain-
dividual performance variability [25]. Studies on patients with
neurological conditions have shown that CF can be induced
during a short task if sufficiently cognitively demanding [26,27].
It is acknowledged that there tends to be low accor-
dance between subjective, self-assessed (trait) fatigue and
objectively measured CF. CF, as opposed to subjective
fatigue, seems to be unrelated to emotional factors such
as depression [26], and it has been proposed that the con-
ditions might even be independent of each other [28,29].
CF has hitherto mainly been investigated in patients with
multiple sclerosis and TBI, and patients with those conditions
do overall show more CF than healthy controls [30]. Whether
patients with chronic pain are also afflicted by objectively
measurable CF has, to our knowledge, not been studied.

1.1 Aims

The primary aim of this study was to investigate the pre-
sence of CF in patients with chronic pain and its relation to
attention functions and self-rated fatigue.
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A secondary, explorative aim was to examine the
impact of intensity, duration, and spreading of pain, along
with depression, anxiety, and sleep disturbance, on the
different fatigue measures.

Based on previous research in neurological popula-
tions, we hypothesized a higher degree of CF in patients
with chronic pain than in a reference group without pain.
Further, we expected an association between attention
functions and CF. Trait fatigue, but not CF nor state fatigue,
was expected to be associated with depression, anxiety,
and sleep disturbances.

2 Materials and methods

All data were collected from a large clinical trial (ClinicalTrials.gov
NCT05452915). Detailed information on the measures can be
obtained from the study protocol [31].

2.1 Participants

Two hundred consecutively enrolled patients between 18
and 50 years, 30 men and 170 women, with chronic pain
were compared with a reference group of 36 healthy per-
sons (Figure 1).

2.2 Inclusion criteria

Inclusion criteria are as follows: Chronic pain, duration >3
months, according to the International Association for the
Study of Pain definition [32]; age 18-50 years; referral for
team assessment due to chronic pain.
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Figure 1: Flow chart of the study.
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2.3 Exclusion criteria

Exclusion criteria are as follows: Acquired brain injury
(including concussion), severe psychiatric disorder, intel-
lectual disability, medication potentially affecting cognitive
functions (e.g., sedatives, opioids), pregnancy, and non-flu-
ency in the Swedish language. Regarding the healthy controls,
chronic or present pain was also an exclusion criterion.

3 Procedure

3.1 Recruitment

All patients who underwent team assessment at the Unit of
Pain Rehabilitation at the Department of Rehabilitation
Medicine, Danderyd University Hospital, or at the Unit of
Pain Rehabilitation, Pain Center at Umea University Hospital
from September 2018 to May 2022 were eligible for inclusion
and received written and verbal information about the
study. The reference group was a convenience sample,
recruited among hospital staff or their friends.

3.2 Neuropsychological assessment

Patients and controls underwent a neuropsychological testing
session in an outpatient setting, in which ratings of fatigue
and pain-level and demographical questions were included. A
neuropsychologist not involved in the patients’ rehabilitation
administered the tests in a fixed order. All assessments were
performed during office hours.

Background information concerning pain (Table 1), Hospital
Anxiety and Depression Scale (HADS), and Insomnia Severity
Index (ISI) data were obtained from the Swedish Quality Register
for Pain Rehabilitation (http:/www.ucr.uu.se/nrs/). The reference
group completed the scales during the testing session.

4 Measurements

4.1 Primary outcome measure
4.1.1 Digit symbol coding test - fatigability (Coding-f)

The Digit-Symbol-Coding (Coding) test from WAIS-III [33]
measures psychomotor processing speed, attention, and
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Table 1: Clinical and demographic data for patients and the reference
group

Patients Reference group p-value
n =200 n =36
Age, years 33.3(8.5) 33.0 (9.2) 0.823
Female, n (%) 170 (91.7%) 33 (85%) 0.215
Education years 13.2 (2.3) 14.6 (2.0) 0.001
Matrix reasoning  18.9 (4.4) 19.2 (3.2) 0.593
Scaled score=9  Scaled score = 9
Pain duration 9.0 (7.1) N/A
years*
Spreading 16.3 (8.1) N/A
of pain**

*n = 164, **n = 184. Data are mean values (standard deviations) and
counts (percentages). The normative scores were obtained on a group
level from the Wechsler et al. [33] test manual.

working memory. The task has executive components
and demands coordination of several cognitive modalities
[34] and has, as such, been proposed to be used as a CF
measurement [35]. Short duration tasks such as Coding, the
Symbol digits modalities test [36], and the Paced Auditory
Serial Addition Test (PASAT) [37] have all been used for this
purpose in patients with brain injury and neurological
conditions [26,30,38,39]. The task is to pair symbols with
numbers for 120 s. The production of symbols is supposed
to increase over time as an effect of learning [35]. CF was
measured both as a dichotomized variable, defined as a
non-ascending score (<0) when the produced numbers
during the last 30 s of the task are subtracted from the
number produced during the first 30 s, and as a continuous
variable. The continuous variable was reported as the per-
centage of produced numbers during the first 30 s (number
of symbols in the first 30 s/total number of symbols x 100)
subtracted from the percentage of completed numbers in
the last 30 s of the task (number of correct answers in the
last 30 s/total number of symbols x 100) [26].

Incidental memory of the symbols was assessed after
the task.

4.2 Secondary outcome measures
4.2.1 Ruff 2 & 7 selective attention test (Ruff 2 & 7)

Ruff 2 & 7 [40] is a visual attention test assessing sustained
and selective attention while also evaluating processing
speed. The task is to identify and cancel the target digits (2
and 7) among distractors: either letters (automatic sustained
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attention) or numbers (controlled selective attention), in
random order. Higher scores mean better performance. Per-
formance was evaluated according to the test manual.

4.2.2 Digit span

Verbal attention span was assessed with Digit span for-
ward (Wechsler Adult Intelligence Scale) [41]. The higher
the value obtained, the better the result.

4.2.3 Matrix reasoning

Matrix reasoning [41] measures non-verbal logical rea-
soning and is considered robust to cognitive decline [42].
Higher scores indicate better performance. The test was
used to compare potential differences in premorbid level
between patients and the reference group.

For all neuropsychological measurements, raw data
were primarily used for comparison. In addition, norma-
tive scores were used to describe the level of performance.
Scaled scores have a mean of 10 and a standard deviation
of 3, and T-scores have a mean of 50 and a standard devia-
tion of 10.

4.2.4 Multidimensional fatigue inventory-20, general
fatigue subscale (MFI-20-GF)

The MFI-20 [43] is a multidimensional questionnaire con-
sisting of five subscales: “General fatigue,” “Physical fatigue,”
“Reduced activities,” “Reduced motivation,” and “Mental
fatigue.” Each scale consists of four items that are rated on
a 5-point Likert scale. The higher the value, the more the
fatigue. Since the scale does not provide a total score, in
this study the General fatigue (GF) subscale, encompassing
both physical and psychological aspects of fatigue, and which
has been suggested to be used as a short form of the ques-
tionnaire [43], was applied to measure trait fatigue.

4.2.5 Visual analog scale of fatigue (VAS-f)

State fatigue was measured using a 100 mm VAS-f, ranging
from 0 (no fatigue) to 100 (worst fatigue imaginable). VAS-f
was administered before and after the neuropsychological
assessment. The value before the assessment was used as
a measurement of state fatigue. Subjective fatigability
(VAS-f d-value) was measured by subtracting the VAS-f
value obtained before assessment from the value obtained
after assessment, higher value indicates more subjective
fatigability.
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4.2.6 ISI

Symptoms of disturbed sleep were assessed with ISI [44],
which is a well-validated, comprehensive unidimensional
self-report scale on a 5-point Likert scale. The maximal
score is 28. Higher values reflect more symptoms, and a
cutoff score of 10 is optimal in balancing specificity and
sensitivity [45].

4.2.7 HADS

HADS [46] consists of two subscales, depression (HADS-D)
and anxiety (HADS-A). Both subscales range from 0 to 21,
with scores >10 indicating a high risk of depression and
anxiety, respectively.

4.2.8 Pain intensity scoring (PIS)

Pain intensity throughout the assessment was verbally
rated on a Numeric Rating Scale from 0 (no pain) to 10
(worst pain imaginable) at the end of the testing session.

4.2.9 Spreading of pain

The spreading of pain was measured as the number of
painful sites on the body, based on 36 predefined anato-
mical areas, covering the four quadrants of the body, 18 on
the front and 18 on the back [47].

4.2.10 Statistics/data analysis

Parametric methods were used for normally distributed
data on a ratio level. Independent samples t-test was
used to compare groups, while paired samples t-test was
used for comparison within groups. ANCOVA was applied
to adjust for confounding variables. To investigate pattern
differences during the Coding test, the number of digits
for each quartile was analyzed with repeated measures.
Pearson correlation was used for the analysis of the asso-
ciation between variables. Non-parametric methods were
used for variables on the interval level. Mann—-Whitney U
test was used for comparison between groups on contin-
uous non-parametric data. Chi2 was applied for categorical
data. For analysis of associations between variables on the
interval level, Spearman’s rank was used. Due to the rela-
tively small size of the reference group correlations between
variables were only calculated for the chronic pain group.
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The significance level for all analyses was set to p < 0.05
(2-tailed). Data were analyzed in IBM SPSS, version 22.

5 Results

5.1 Demographics

There were no differences in gender, age, or estimated
premorbid intellectual level (matrix reasoning) between
the chronic pain group and the reference group. The

Table 2: Self-rated measurements of fatigue, pain, sleep disturbance,
anxiety, and depression

Patients n Reference group  p-value
=200 n =36
MFI-20 GF 18.0 (8-20) 8.0 (4-16) <0.001
VAS-fatigue pre- 50.4 (21.6) 24.0 (15.9) <0.001
assessment
VAS-fatigue post- 67.4 (20.5) 33.5(23.9) <0.001
assessment
VAS-fatigue d-value  17.0 (17.0) 9.6 (20.1) 0.020
PIS 5.0 (0-9) N/A
HADS D* 8.0 (0-19) 1.0 (0-6) <0.001
HADS A* 9.0 (0-21) 5.0 (0-15) <0.001
IST** 15.0 (0-28) 4.5 (0-14) <0.001

*n =189, **n = 185. MFI, multidimensional fatigue inventory-20 general
fatigue; VAS, visual analog scale; PIS, pain intensity scoring; HADS,
Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index.
Mean and standard deviations for ratio data, median, and range for
interval data.

Table 3: Measurements of CF and attention
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reference group, though, had a significantly higher educa-
tional level (Table 1). The chronic pain group had a mean
duration of pain of 9 years and a mean number of pain
locations of 16 out of 36 (Table 1). The mean current pain
rating was 5 out of 10 at the time of the neuropsychological
assessment (Table 2).

5.2 Group differences

There was no significant difference in CF between the
chronic pain group and the reference group (Table 3).
The result did not change when the effect of higher educa-
tion in the reference group was adjusted for. To investigate
if there was a difference in response pattern, we also recorded
the number of symbols produced in each time unit (quartile),
but we found no response difference between the groups.
However, a significant difference in self-rated fatigability
during the neuropsychological assessment (VAS-f-d-value)
emerged, with patients being more fatigued than the refer-
ence group (Table 2).

There were no significant correlations between demo-
graphic factors, i.e., educational level and age, on CF in the
chronic pain group.

The chronic pain group reported significantly higher
rates of fatigue than the reference group, both trait fatigue
(MFI-20 GF) and state fatigue (VAS-f), before the neuropsy-
chological examination. The chronic pain group did also
report significantly higher rates of anxiety (HADS-A) and
depression (HADS-D) than the reference group (Table 2).

No significant differences between the groups were
found in the measurements of attention (Ruff ADS, Ruff

Patients n = 200 Reference group n = 36 p-value

Coding % fatigability* 0.63 (4.0) 0.61 (6.1) 0.977

Coding % fatigability 1 outlier removed 0.63 (4.0) 1.40 (3.8) 0.288

Coding total 68.2 (15.3) 75.1 (13.0) 0.0Mm
Scaled score = 8 Scaled score = 10

Coding incidental memory (pairing)** 5.8 (2.6) 6.3 (1.8) 0.140
Cum% = 26-50 Cum% = 26-50

Ruff 2 & 7 ADS*** 132.7 (31.4) 131.3 (29.0) 0.803
T-score = 41 T-score = 40

Ruff 2 & 7 CSS*** 110.7 (22.8) 110.1 (20.4) 0.893
T-score = 37 T-score = 36

Digit span (forward digits) 5.7 (1.0) 6.0 (0.8) 0.163
Cum% =71.4 Cum% =71.4

*n =195, **n = 198, ***p = 197. Data presented are mean (standard deviations) scaled scores and cumulative percentages (Cum%). The normative
scores were obtained on a group level from the test manuals Wechsler et al. [33], Ruff and Allen [40], and Wechsler [41].
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Table 4: Attention in fatigued/non-fatigued subjects, Coding-f being dichotomized

Patients fatigued  Patients non- p-value Reference group Reference group non- p-value
n =89 fatigued n = 106 fatigued n = 16 fatigued n = 20
Ruff 2 & 7 ADS 126.9 (32.1) 136.2 (29.1) 038 128.6 (23.2) 133.5(33.4) 0.627
Ruff 2 & 7 CSS 105.4 (23.2) 113.9 (20.4) 007 106.6 (14.1) 113.0 (24.3) 0.363
Digit span (forward 5.7 (1.0) 5.8 (1.1) 541 6.0 (0.6) 6.0 (1.0) 0.856

digits)

The data are mean (standard deviation). ADS, automatic detection speed; CSS controlled search speed.

CSS, Digit span) or memory (Coding Incidental memory).
Compared to the test norms, both groups performed in the
lower normal range on Ruff ADS and slightly below the
normal range on Ruff CSS. The result of Coding incidental
memory was within the normal range for both groups
(Table 3).

5.3 Association between CF and different
attention measurements within the
chronic pain group

There was a significant but weak correlation between CF
and automatic processing speed (Ruff 2 & 7 ADS) (r = 0.158,
p = 0.029) and controlled processing speed (Ruff 2 & 7 CSS)
(r=0.213, p = 0.003) within the patient group. Also, when CF
was dichotomized, there was a significant difference in pro-
cessing speed between fatigued and non-fatigued subjects
(Table 4). There was no significant correlation between CF
and attention span (Digit span) nor between trait (MFI-20) or
state (VAS-f) fatigue and attention as measured with Ruff
ADS and CSS, Digit span, and Coding total.

5.4 Association between CF and self-rated
measurements within the chronic pain

group

There was no significant correlation between CF and sub-
jective fatigability (VAS-f-d value) nor between CF and
measures of trait fatigue (MFI-20 GF), state fatigue (VAS-
f), or pain duration. Neither were there any significant
correlations between CF and pain intensity (PIS), spreading
of pain, or sleep disturbance (ISI), nor between CF and
anxiety (HADS A) or depression (HADS D).

5.5 Intercorrelations of self-rated
measurements within the chronic pain

group

There were significant intercorrelations between anxiety
(HADS-A), depression (HADS-D), sleep disturbance (ISI),
current pain intensity (PIS), trait (MFI-20 GF), and state
(VAS-f) fatigue in the chronic pain group (Table 5). Spreading
of pain correlated significantly with all the variables except

Table 5: Correlations (Spearman) of subjective measurements within the chronic pain group

VAS-f MFI-GF PIS HADS D HADS A ISI Spreading of pain
VAS-f r=0.46*** r =0.34%** r=0.18* r=0.27*%** r=0.21%* r=0.21**
MFI-GF r=0.46%** r=0.21** r=0.37*%** r=0.27*%** r=0.38%** r=0.25%*
PIS r=0.34%** r=021%* r=0.21%* r=0.16* r=0.30%** r=0.20*
HADS D r=0.18* r=037*%** r=021*%* r=0.53%** r=0.33%** r=0.20*
HADS A r=0.27*%* r=0.27%%* r=0.16* r=0.53%** r=0.27%%* ns
ISI r=0.21%* r=0.38%** r=0.30%** r=0.33%** r=0.27*%** r=0.30%*
Spreading of pain r=0.21*%* r=0.25%* r=0.20* r=0.20* ns r=0.30*%*

*p < 0.05, **p < 0.01, ***p < 0.001. VAS, visual analog scale of fatigue; MFI-GF, multidimensional fatigue inventory-20, general fatigue; PIS, pain
intensity scoring; HADS, Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index.
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for anxiety (HADS-A). Pain duration was neither related to
state fatigue nor trait fatigue.

6 Discussion

This study primarily aimed at investigating CF in patients
with chronic pain and its relation to self-rated fatigue and
attention functions. We also aimed to explore the impact of
pain characteristics, sleep disturbance, and emotional fac-
tors on the results.

There was, at odds with our hypothesis, no significant
difference in CF between patients with chronic pain and
the reference group without pain. However, in line with
our assumption, we found an association between CF and
measurements of processing speed and sustained and
selective attention (Ruff 2 & 7) within the chronic pain
group. The association between CF and the more execu-
tively demanding selective attention task condition was
stronger as compared to the sustained, automatic condi-
tion, in line with the notion that CF is particularly triggered
by tasks demanding higher-order cognitive control [26,48].
This also holds as an explanation for the lack of association
between CF and attention span, the latter not requiring
executive processing nor sustained attention, thus not ful-
filling the prerequisites for tasks prone to induce CF.

Noteworthy, when the CF measure, Coding-f, was dichot-
omized, based on ascending versus non-ascending scores, a
great portion (46%) of the chronic pain patients showed non-
ascending scores, indicating CF, and one might speculate that
this mirrors the existence of subgroups of chronic pain
patients more prone to CF than others. However, almost the
same percentage of fatigued subjects was found in the refer-
ence group (44%). This is indeed a significantly higher amount
than the 19% cognitively fatigued healthy controls found in
a previous study with Coding-f as measurement [26], and
further evaluation of the instrument is needed to elucidate
the pattern of results in healthy subjects.

A broader question concerns whether the use of Coding-
f is the most suitable way to assess CF in chronic pain.
Particularly the PASAT, in which the task is to sum new
numbers with previous presented ones in a series, has
been successful in capturing CF in patients with MS. One
distinguishing factor between Coding and PASAT is that the
tempo cannot be altered in the PASAT. The numbers are
presented at a fixed speed, whereas in Coding, the patients
can adjust the pace of their performance according to their
needs. This characteristic of the PASAT might make it more
susceptible to CF than the Coding task. It is worth noting that
the patients demonstrated significantly slower performance
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compared to the reference persons, further supporting the
potential advantages of utilizing a test where the patients
cannot compensate for a lack of attention by lowering the
processing speed, which can mask fatigue in otherwise more
demanding contexts. However, Holtzer et al. [49] have
shown that 35min of executively demanding work is war-
ranted to induce CF in healthy older adults, and it cannot be
ruled out that a task of longer duration would have been
needed to elicit CF in patients with chronic pain.

While the chronic pain group reported more fatigue
than the reference group on both trait and state measures,
including subjective fatigability during the neuropsycholo-
gical examination, cognitive measurements did not differ
between the chronic pain group and the reference group,
except for Coding, total score. However, compared to nor-
mative test scores, both groups performed in the lower
normal range on Ruff ADS and slightly below the normal
range on Ruff CSS. Those tasks have in common their
dependency on processing speed, which appears to be par-
ticularly vulnerable to chronic pain. The results are in line
with the young age of the subjects, the majority being in
their early thirties, since other cognitive domains appear to
be more resistant, with deficits uncommonly seen before
middle age, possibly due to compensatory mechanisms in
the young [8]. This is consistent with the theory of neuro-
cognitive decline, as MRI data show that structural pain-
related changes in the brain are more pronounced in older
ages [9], reducing compensatory capacity. This phenomenon
might be further elucidated using task-fMRI. If patients with
chronic pain compensate with increased cerebral effort,
they would show altered connectivity compared to healthy
controls, even if they perform on a normal level. Note, there
was no significant correlation between age and CF in this
study, which could be explained by the narrow age-span of
the sample.

No pain-related factors correlated with CF and no asso-
ciation was found between subjective state or trait fatigue
and CF. In fact, no subjective measure correlated with CF in
the chronic pain group. Instead, the results clearly showed
that measures of subjective fatigue, be it trait fatigue,
fatigue at the moment, or fatigability during the neuropsy-
chological examination, strongly correlated with each other
as well as with ratings of intensity and spreading of pain,
sleep disturbance, anxiety, and depression. The hypothesis
that state fatigue, being situational, transient, and effort-
dependent [50], as opposed to trait fatigue, would be free-
standing from emotional states, as indicated by Méller et al.
[51], was thus not confirmed in this study. However, in
Moller et al’s study the patients were newly injured (within
7 days) mild TBI patients, and state fatigue was measured
with the Rivermead Post Concussion Questionnaire, where
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the present level of fatigue was compared with fatigue level
before injury. Different conditions and different time per-
spectives make comparisons problematic, and the results
from this study are in accordance with those of Manierre
et al. [52], demonstrating a strong association between trait
and state fatigue in a sample of healthy subjects.

High correlations in the subjective measurements
could also mirror a response style, i.e., a tendency to be
a high or low rater in self-assessment forms, hypotheti-
cally overshadowing nuances in experience. Nevertheless,
the results point, consistently with previous findings in neu-
rological populations [28], to a clear dissociation between
subjective and objective measures of fatigue in patients
with chronic pain, subjective fatigue being highly associated
with emotional factors as opposed to CF and other cognitive
measures.

6.1 Strengths and limitations

A strength of the study is that it was a multicenter study
based on pain centers at two university clinics with experi-
enced staff. Other strengths are the exclusion of patients
taking analgesics with cognitive side effects, which might
have confounded the results, the use of well-validated mea-
sures and scales, and the inclusion of a reference group.

A limitation of the study was the small size of the
reference group, making it underpowered and vulnerable
to outliers as compared to the patient group. To compen-
sate for this, normative test scores were included when
available. Also, the reference group had slightly higher
education, but this was controlled for in the statistical
analysis.

There was a clear gender imbalance among the parti-
cipants in the study, with about 90% being women, which
mirrors that most patients admitted to pain rehabilitation
indeed are women. The low number of men limited the
possibility to analyze gender differences in the study, and
the generalization of the results to the male population
should be done with caution.

Another limitation was the restricted age span of the
participants. The upper limit was purposely set at 50 years
to avoid confounding effects of age-associated cognitive
decline, though, at the cost of generalizability to older ages.

It warrants to be commented that the correlational
design of the study prevents conclusions about causality,
i.e., whether pain causes fatigue or vice versa, to be
drawn from the data. Previous studies giving evidence
in both directions though suggest a bidirectional associa-
tion [53-55].
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6.2 Clinical implications

The results of the present study reveal a subgroup of
patients suffering from attention deficits and CF, and
who might benefit from attention training or other tailored
interventions. To identify those patients at an early stage
of the rehabilitation, the implementation of a cognitive
screening as a standard diagnostical tool in the team
assessment could be an option.

7 Conclusion

In conclusion, this study did not give support for CF as a
prominent feature of patients with chronic pain. There
was, though, an association between CF and processing
speed in attention-demanding tests, most salient in an
executively demanding condition, indicating an associa-
tion between processing speed and CF in chronic pain.
The patients with chronic pain showed elevated rates of
trait as well as state fatigue compared to a reference group.
Those measurements were strongly correlated with other
subjective measures, but not with CF nor cognition, clearly
pointing to a distinction between objective and subjective
measures of fatigue. Still, the underlying mechanisms behind
CF in this subgroup remain unclear. Future studies should
elucidate whether factors associated with attention defi-
cits might be explanatory. Future studies should also
investigate the possible impact of the type of pain on CF
and fatigue.
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