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Cognitive Task Performance and Subjective Cognitive
Symptoms in Individuals With Chronic Fatigue
Syndrome or Fibromyalgia: A Cross-Sectional
Analysis of the Lifelines Cohort Study
Monica L. Joustra, PhD, Catharina A. Hartman, PhD,
Stephan J.L. Bakker, PhD, and Judith G.M. Rosmalen, PhD
ABSTRACT
Objective: This study examined cognitive task performance and self-reported cognitive functioning in individuals with chronic fatigue
syndrome (CFS) and fibromyalgia (FM) in a population-based sample and investigated the role of mood and anxiety disorders as well
as severity of the physical symptoms.
Methods: This study was performed in 79,966 participants (mean [standard deviation] age = 52.9 [12.6] years, 59.2% women) from the
Lifelines general population. Symptoms consistent with the diagnostic criteria for CFS and FM were assessed using questionnaires. Two
comparison groups were used: participants with self-reported medical disorders with well-defined pathophysiology (i.e., multiple sclerosis
and rheumatic arthritis) and controls without these diseases. Objective task performance was based on the computerized CogState cogni-
tive battery and subjective cognitive symptoms using the concentration subscale of the Checklist Individual Strength.
Results: Cognitive task performance was poorer in individuals with CFS versus controls without disease and controls with a medical dis-
order, although the severity of cognitive dysfunction was mild. Participants meeting the criteria for CFS (n = 2461) or FM (n = 4295) re-
ported more subjective cognitive symptoms compared with controls without a medical disorder (d = 1.53, 95% confidence interval
[CI] = 1.49–1.57 for CFS; d = 1.25, 95% CI = 1.22–1.29 for FM) and participants with a medical disease (d = 0.62, 95% CI = 0.46–0.79
for CFS; d = 0.75, 95% CI = 0.70–0.80 for FM). These differences remained essentially the same when excluding participants with co-
morbid mood or anxiety disorders or adjusting for physical symptom severity.
Conclusions: Subjective cognitive symptoms and, to a lesser extent, suboptimal cognitive task performance are more prevalent in individ-
uals with CFS or FM compared with controls without these conditions.
Key words: cognition, CFS, fibromyalgia, CogState, concentration.
CFS = chronic fatigue syndrome, CIS = Checklist Individual
Strength, CIS-fatigue = fatigue subscale of the Checklist Individual
Strength,DET=detection task,FM= fibromyalgia, IDN= identifica-
tion task, MS = multiple sclerosis, OBK = one back, OCL = one
card learning task, RA = rheumatoid arthritis
INTRODUCTION

Chronic fatigue syndrome (CFS) and fibromyalgia (FM) are
serious disabling health conditions that are associated with

a reduced quality of life and reduced social participation (1–4).
Both CFS and FM are symptom-based diagnoses because they re-
quire the presence of specific clusters of somatic symptoms (5–7).
The diagnostic criteria for CFS and FM include a description of the
main symptom and additional symptoms. Diagnostic criteria for CFS
and FM attempt to distinguish these syndromes from well-defined
medical diseases that present with comparable symptoms, but they
also require the absence of detectable pathological explanations
for these symptoms (5,7). The main and additional symptoms in
CFS and FM partly overlap; for example, both patient groups
can suffer from cognitive symptoms, unrefreshing sleep, fatigue,
or postexertional malaise (5–7).

Cognitive impairment is frequently reported in both CFS and
FM (5–9). A previous meta-analysis found that studies examining
Supplemental Digital Content

From the Interdisciplinary Centre Psychopathology and Emotion Regulati
(Joustra, Bakker, Rosmalen), University Medical Center Groningen, University

Address correspondence to Judith G.M. Rosmalen, PhD, Interdisciplinary Ce
Groningen, University of Groningen, Hanzeplein 1, PO Box 30001, 9700 RB G

Received for publication November 9, 2021; revision received June 26, 2022
DOI: 10.1097/PSY.0000000000001117
Copyright © 2022 by the American Psychosomatic Society

Psychosomatic Medicine, V 84 • 1087-1095 1087

Copyright © 2022 by the American Psychosomatic Society.
cognitive impairments in CFS reported inconsistent results (10).
The authors suggested that these inconsistencies could be explained
by methodological differences because the studies used a wide vari-
ety of cognitive tasks that could not be directly compared. They also
identified several limitations of the existing literature: most studies
contained small samples, did not include a control group, or did
not report the diagnostic algorithm that was used to select the patient
group (10). Similar conclusions were drawn in a review focusing on
cognitive impairments in patients with FM (11). In particular, the au-
thors recommend a study with a large sample of participants with
varying levels of mood and anxiety disorders, pain, fatigue, and sleep
on (Joustra, Hartman, Rosmalen) and Department of Internal Medicine,
of Groningen, Groningen, the Netherlands.
nter Psychopathology and Emotion Regulation, UniversityMedical Center
roningen, the Netherlands. E-mail: j.g.m.rosmalen@umcg.nl
.
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disruption, which would allow for assessment of the contribution of
these comorbid symptoms to cognitive impairments. Mood and anx-
iety disorders are more prevalent in individuals with CFS and FM
(12), and both psychiatric disorders and the severity of somatic symp-
toms can interact with cognitive functioning (8,13). Therefore, larger
studies investigating both subjective and objective cognitive impair-
ments in CFS and FM patients and controls are needed.

In the current study, we will examine cognitive task perfor-
mance and subjective cognitive symptoms in individuals with
CFS and individuals with FM in a large population-based cohort
study of more than 79,000 participants. First, we will examine
whether participants with CFS and participants with FM differ sig-
nificantly from each other and from controls or participants with a
well-defined medical disease with comparable core symptoms
(CFS versus multiple sclerosis [MS] and FM versus rheumatoid
arthritis [RA]) on cognitive task performance and subjective cog-
nitive symptoms. We will additionally explore whether these dif-
ferences can be related to comorbid mood and anxiety disorders.
Lastly, the relationship between physical symptom severity and
cognitive task performance will be examined, and whether it dif-
fers between participants with CFS and those with FM.

METHODS

Sampling Frame
This studywas conductedwithin the sampling frame of the Lifelines cohort
study (14). Lifelines is a multidisciplinary, prospective (three-generational)
population-based cohort study examining health and health-related behav-
iors of more than 167,000 persons living in the North East part of the
Netherlands. Lifelines uses a broad range of investigative procedures in
assessing biomedical, sociodemographic, behavioral, physical, and psy-
chological factors that contribute to the health and disease of the general
population, with a special focus on multimorbidity and complex genetics.

Participants
Participants of Lifelines were recruited in two ways. First, a number of gen-
eral practitioners from the three northern provinces of the Netherlands in-
vited all their listed patients between 25 and 50 years of age to participate.
If they agreed to participate, these participants were asked to invite their
partner(s), parents, parents-in-law, and children to participate aswell. In this
way, participants of all ages were included. Eligibility for participation was
evaluated by general practitioners. To ensure the reliability of the study, per-
sons with severe psychiatric or physical illness, and those not being able to
visit the general practitioner, to fill out the questionnaires, and/or to under-
stand the Dutch language, were excluded. Parents and childrenwere not ex-
cluded in case of the mentioned criteria, when a representative was willing
to assist these participants in the performance of the study. Inclusion of
pregnant womenwas rescheduled until 6months after pregnancy or 3months
after breastfeeding. Second, persons who were interested to participate could
register themselves via the Lifelines Web site and then participate.

All participants received written information on the purpose andmethods
of the study, and written informed consent was obtained after the procedure
was fully explained. All data are kept confidential and are only used for med-
ical research. Approval by the Medical Ethical Committee of the University
Medical Center Groningen was obtained for the study (2007/152).

Data Collection
The first participants were included at the end of 2006, and the recruitment
period was closed after reaching the target number of participants in 2013.
Participants whowere included in the Lifelines studywill be followed for at
least 30 years. At baseline, participants visited one of the Lifelines research
sites for a physical examination. Before these baseline visits, two extensive
Psychosomatic Medicine, V 84 • 1087-1095 1088
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baseline questionnaires were completed at home. Follow-up questionnaires
were administered to all participants approximately every 18 months, and
participants have been invited for a renewed physical examination at the
Lifelines research site, on average, every 5 years. At the time of writing,
data from baseline assessment, and first and second follow-up question-
naires, and data from the second assessment were available. During the sec-
ond assessment, general physical examination was first performed, followed
by medical examinations (e.g., electrocardiogram, lung function), and lastly,
the CogState computerized cognitive battery and psychiatric assessment
were conducted, respectively.

CFS, FM, andMedical or PsychiatricHealth Conditions
Symptoms consistent with the diagnostic criteria for CFS and FM were
assessed using questionnaires. The diagnosis for CFS was assessed using
the 1994 Centers for Disease Control and Prevention criteria (5), and for
FM, it was the 2010 American College of Rheumatology criteria (7) (Ap-
pendix A, http://links.lww.com/PSYMED/A859: scoring algorithm).

MS and RAwere assessed based on self-reported disease status derived
from the questionnaire. CFS with comorbid MS (n = 29) and FM with co-
morbid RA (n = 443) were excluded from the analyses. Controls were de-
fined as participants who did not fulfill the diagnostic criteria for CFS and
FM and did not report MS or RA.

Psychiatric health conditions, including current mood (i.e., major de-
pressive disorder, dysthymia) or anxiety disorders (i.e., panic disorder with
or without agoraphobia, agoraphobia without panic disorder, social phobia,
generalized anxiety disorder), were assessed with a standardized instru-
ment, which was completed by participants at the Lifelines location. This
instrument was a digitalized self-report version of the Mini International
Neuropsychiatric Interview. TheMini International Neuropsychiatric Inter-
view is a brief structured instrument for diagnosing psychiatric disorders as
defined by the Diagnostic and Statistical Manual of Mental Disorders
(Fourth Edition) and International Classification of Diseases, Tenth Revi-
sion (15).

Cognitive Task Performance
We used the CogState computerized cognitive battery because it measures
multiple domains of cognitive functioning and is brief, using automated
data processing and scoring. It is suitable for research among people from
the general population with a wide range of ages and educational levels
(16,17). Furthermore, the CogState battery has shown to have good test-retest
reliability (18) and validity (19).

The CogState Brief Battery is a collection of four short card tasks. Dif-
ferent cognitive domains are tested: a) speed of processing (detection task
[DET]; 2 minutes), visual attention/vigilance (identification task [IDN];
2 minutes), working memory (one back [OBK]; 2 minutes), and visual
learning and memory (one card learning task [OCL]; 5 minutes). During
the CogState Brief Battery, a supervisor was available in case participants
needed assistance.

Detection Task
The DET is a simple reaction time task involving visual signal detection
and motor response, measuring basic visuomotor processing speed. In this
task, the participant is instructed to attend to the center of the screen and
follow the rule, “Has the card turned face up?” Participants were instructed
to press the “Yes” key as soon as the card turned face up. The task ended
after 35 correct trials had been recorded. The primary outcome measure
was reaction time (in milliseconds), which was normalized using log10
transformation.

Identification Task
The IDN is a choice reaction task that measures visual attention. In this
task, the participant is instructed to attend to the card in the center of the
screen and respond to the question, “Is the card red?” Participants were
instructed to press the “Yes” key if it is and the “No” key if it is not. This
November/December 2022
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task continued until 30 correct responses had been recorded. Reaction time
(in milliseconds and log10 transformed) was the primary outcomemeasure.

One Back
The OBK is a measure of working memory maintenance. In this task, the
participant is instructed to attend to the card in the center of the screen
and respond to the question, “Is this card the same as that on the immedi-
ately previous trial?” If the answer was yes, participants were instructed
to press the “Yes” key, and the “No” key if the answer was no. The task
ends after 30 correct trials. The primary outcome measure was the propor-
tion of correct answers, which was normalized using arcsine transforma-
tion. We also reported reaction time (in milliseconds) corrected for baseline
speed, which was normalized using log10 transformation.

One Card Learning Task
The OCL is a visual learning and memory task. In this task, the participant
is instructed to attend to the card in the center of the screen and respond to
the question, “Have you seen this card before in this task?” If the answer
was yes, participants were instructed to press the “Yes” key and the “No”
key if the answer was no. The task ended after 42 trials. The primary out-
comemeasure was the proportion of correct answers, normalized using arc-
sine transformation.

Subjective Cognitive Symptoms
The Checklist Individual Strength (CIS) is a 20-item self-report questionnaire
that covers four domains of the subjective fatigue experience, including fa-
tigue severity (eight items; e.g., physically I feel exhausted), concentration
(five items; e.g., thinking requires effort), motivation (four items; e.g., I don’t
feel like doing anything), and physical activity levels (three items; e.g., I think
I do very little in a day) (20). Participants were asked to indicate how they rec-
ognize themselves in the mentioned statements during the past 2 weeks on an
(1) “No, that is not true” to (7) “Yes, that is true” scale. ACIS total score (rang-
ing from 20 to 140) can be obtained by adding the individual scores on the 20
questions. Furthermore, the summary scores can be calculated for the four do-
mains (fatigue severity range, 8–56; concentration range, 5–35; motivation
range, 4–28; physical activity level range, 3–21). Higher scores indicate a
higher degree of fatigue severity, more concentration problems, reduced mo-
tivation, or less physical activity. We assessed subjective cognitive symptoms
using the concentrating scale of the CIS (Cronbach α = .84).

Fatigue, Pain, and General Symptom Severity
Fatigue severity was assessed using the results of the CIS-fatigue severity
subscale (20). To assess subjective pain, participants were asked to indicate
in which of 19 mentioned body areas they had pain during the last week
using the Widespread Pain Index (Appendix A, http://links.lww.com/
PSYMED/A859) (5–7). The Widespread Pain Index score was determined
by counting the number of body areas in which the participant reported pain
during the last week.

To determine general symptom severity, the 12-item somatization scale
of the Symptom Checklist-90 was used (21). This scale consists of 12 so-
matic symptoms, including the following: headaches, faintness or dizziness,
pains in heart or chest, pains in lower back, nausea or upset stomach, sore-
ness of your muscles, numbness or tingling in your body, hot or cold spells,
feeling weak in parts of your body, heavy feelings in arms or legs, a lump in
your throat, and trouble getting your breath. Participants were asked to what
extent they had been limited by these symptoms in the past 7 days. Items
were scored on a 5-point scale ranging from (0) “Not at all” to (4) “Ex-
tremely.” The outcomes of 12 items of the somatization scale of the Symp-
tom Checklist-90 were summed (total scale ranging from 0 to 48).

Covariates
Age, sex, and educational level were included as covariates owing to their
associations with CFS, FM, and cognition. Educational level was assessed
Psychosomatic Medicine, V 84 • 1087-1095 1089

Copyright © 2022 by the American Psychosomatic Society.
using the question: “What is your highest completed education?” resulting in
information about low (lower secondary education or less), middle (higher
secondary education), and high (tertiary education) educational levels.

Statistical Analyses
The characteristics of the different study groups were evaluated first. For
continuous outcomes, means (standard deviations) were calculated. One-way
analyses of variance were performed for continuous data, to test the differ-
ences in sample characteristics. In addition, χ2 tests were performed for cate-
gorical data. Associations between cognitive task performance and subjective
cognitive symptoms were calculated using multivariable regression analyses,
adjusted for age, sex, and educational level. Cohen d effect sizes were calcu-
lated for the differences between study groups in cognitive task performance
and subjective cognitive symptoms, based on the estimated means and
standard deviations using analysis of covariance adjusted for age, sex,
and educational level. To determine 95% confidence intervals for effect
sizes, the following formulas were used (22,23):

σ dð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N1þ N2
N1� N2

þ d2

2 N1þ N2ð Þ

s

95% CI d ¼ d −1:96� σ dð Þ; d þ 1:96� σ dð Þ½ �
Effect sizes of 0.2, 0.5, 0.8, and 1.3 were interpreted to reflect small,
medium, large, and very large effects, respectively (22,24). If applica-
ble, effect sizes were reversed to ensure that a positive effect reflected
better cognitive function, as reflected in better performance on a cogni-
tive task or less subjective cognitive symptoms. Lastly, to investigate
whether fatigue severity, pain severity, and general symptom severity
were related to cognitive task performance, multivariable linear regres-
sion analyses were performed using standardized variables, adjusted for
age, sex, and educational level. Cases with missing data were deleted
listwise. To investigate whether the regression coefficients differed signif-
icantly between groups (i.e., b1 ≠ b2), a dummy variable for group and the
interaction term (independent variable by dummy) were added to the regres-
sionmodels. Statistical significance was defined as p < .05. All analyses were
performed using SPSS version 22.

RESULTS

Sample Characteristics
This study was performed in 79,966 participants (age = 52.9
[12.6] years, 59.2% female) of the general-population cohort
Lifelines. Of the included participants, 3.1% (n = 2461) ful-
filled the Centers for Disease Control and Prevention criteria
for CFS, 0.2% reported MS (n = 156), 5.4% fulfilled the Col-
lege of Rheumatology criteria for FM (n = 4295), 3.0% reported
RA (n = 2415), and 88.7% were considered controls because
they did not fulfill the diagnostic criteria for CFS or FM and
did not report MS or RA (n = 70,951). Of the participants,
1.5% (n = 1217) fulfilled the diagnostic criteria for both CFS
and FM. An overview of the general sample characteristics is
presented in Table 1. Participants with CFS or FM reported signifi-
cantly higher fatigue severity, subjective cognitive symptoms, pain
complaints, and general symptom severity compared with both con-
trols and participants with MS or RA. Participants with CFS or FM
had significantly higher current comorbid mood or anxiety disorder
than did the controls and participants with MS or RA. Table S1,
Supplemental Digital Content (http://links.lww.com/PSYMED/
A860), shows the associations between cognitive task performance
and subjective cognitive symptoms.
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TABLE 1. General Characteristics of the Study Groups

Controls CFS MS FM RA

N (%) 70,951 (88.7) 2461 (3.1) 156 (0.2) 4295 (5.4) 2415 (3.0)

Female, n (%) 41,601 (58.6) 1823 (74.1)* 121 (77.6) 3296 (76.7)*,***,**** 1568 (64.9)

Age, mean (SD)a, y 52.7 (12.6) 54.2 (11.8)* 51.9 (9.8) 51.7 (11.4)*,***,**** 61.3 (11.9)

Education, % low-middle-highb 2.4–65.3–30.1 4.8–72.6–19.6*,** 1.9–69.2–26.9 3.1–73.4–20.9*,***,**** 5.6–70.1–21.0

CIS-fatigue, mean (SD)a 21.3 (10.6) 44.2 (8.0)*,** 33.2 (11.5) 40.5 (9.5)*,***,**** 24.8 (11.7)

CIS-concentration, mean (SD)a 12.0 (6.3) 21.7 (7.4)*,** 16.2 (7.4) 20.1 (7.3)*,***,**** 12.5 (6.4)

WPI, mean (SD)a 2.0 (2.2) 7.6 (4.1)*,** 2.9 (2.7) 8.8 (2.9)*,***,**** 3.5 (3.0)

General symptom severity, mean (SD)a 1.3 (0.4) 2.1 (0.6)*,** 1.5 (0.4) 2.0 (0.5)*,***,**** 1.5 (0.5)

DET, mean (SD)a 2.57 (0.18) 2.59 (0.19)* 2.61 (0.21) 2.58 (0.18)*** 2.63 (0.21)

IDN, mean (SD)a 2.69 (0.094) 2.70 (0.096)* 2.70 (0.087) 2.69 (0.094)*** 2.72 (0.11)

OBK (correct answers), mean (SD)a 1.29 (0.23) 1.26 (0.25)* 1.28 (0.22) 1.29 (0.23)*** 1.24 (0.26)

OBK (reaction time), mean (SD) 2.91 (0.11) 2.93 (0.11)*,** 2.90 (0.10) 2.92 (0.11)*,*** 2.94 (0.11)

OCL, mean (SD)a 0.95 (0.12) 0.93 (0.13)* 0.93 (0.12) 0.94 (0.13)*,*** 0.93 (0.13)

Current mood disorder, n (%)b 1455 (2.1) 544 (22.1)*,** 3 (1.9) 633 (14.7)*,***,**** 73 (3.0)

Current anxiety disorder, n (%)b 4228 (6.0) 754 (30.6)*,** 14 (9.0) 1032 (24.0)*,*** 138 (5.7)

CFS = chronic fatigue syndrome; MS = multiple sclerosis; FM = fibromyalgia; RA = rheumatoid arthritis; SD = standard deviation; CIS = Checklist Individual Strength;
WPI = Widespread Pain Index; DET = detection task; IDN = identification task; OBK = one back; OCL = one card learning task.

* p < .01 versus controls.

** p < .05 versus MS.

*** p < .01 versus RA.

**** p < .01 versus CFS.
a Using analysis of variance.
b Using χ2 tests.
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Cognitive Task Performance in CFS and FM as
Compared With Controls, MS, and RA
In the current sample, 69.6% of the control group (n = 49,386),
65.4% of participants with CFS (n = 1609), 71.8% of participants
with MS (n = 112), 69.1% of participants with FM (n = 2969), and
61.9% of participants with RA (n = 1494) completed the CogState
computerized cognitive battery. Figure 1 shows the differences be-
tween groups in cognitive task performance and subjective cogni-
tive symptoms. Participants with CFS performed significantly
poorer on all tasks compared with controls with only small effect
sizes, except for OBK (reaction time; Figure 1A). Participants with
FM performed significantly poorer on the OCL task (visual
learning/memory) compared with controls with small effect size,
whereas no significant differences were found for the other tasks.
Furthermore, participants with CFS or FM reported significantly
more subjective concentration problems compared with controls
with large to very large effect sizes.

When comparing participants with CFS or FM and participants
with well-defined medical diseases (Figure 1B), no significant dif-
ferences were found for all cognitive tasks between participants
with CFS or FM compared with participants with MS or RA, with
the exception of a significantly better performance on OBK (reac-
tion time) in participants with FM compared with participants with
RA. Participants with CFS or FM reported significantly more sub-
jective concentration problems compared with participants with
MS or RAwith medium to large effect sizes.

When comparing participants with CFS versus participants
with FM (Figure 1C), participants with CFS scored significantly
lower on the IDN (visual attention) and OBK (attention/working
Psychosomatic Medicine, V 84 • 1087-1095 1090
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memory) tasks compared with participants with FM with a small
effect size. In addition, participants with CFS reported signifi-
cantly more subjective concentration problems compared with
FM participants with small effect sizes.

Comorbid Mood or Anxiety Disorder
Analyses were repeated excluding participants with comorbid
mood or anxiety disorders. Among all comparisons, the results
with regard to differences between groups in cognitive impair-
ments remained essentially the same (Figure 2). No differences
were found in the comparison of participants with CFS or FM ver-
sus controls (Figures 2A, B) or versus participants with MS or RA
(Figures 2C, D). In contrast to the main analyses, the exclusion of
participants with mood or anxiety disorders resulted in signifi-
cantly lower scores on the DET task (speed of processing) in par-
ticipants with CFS compared with FM (Figures 2E, F).

Associations Between Symptom Severity and
Cognitive Task Performance
Results of the multivariable regression analyses investigating the
association between fatigue, pain, or general symptom severity and
cognitive task performance can be found, per group, in Table 2. In
controls, severity of fatigue was significantly negatively associated
with DET, but not associated with IDN, OBK, or OCL scores. Gen-
eral symptom severity was positively associated with IDN, OBK
(correct answers), andOCL. In participants with CFS, severity of fa-
tigue was significantly negatively associated with DET, and general
symptom severity was significantly positively associated with DET,
IDN, and OBK (correct answers). General symptom severity was
November/December 2022
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FIGURE 1. Effect sizes’ objective and subjective cognitive functioning. Favors represent a positive effect for the corresponding group
reflecting better performance on a cognition task or less subjective symptoms. Effect sizes based on the estimated means and standard
deviations adjusted for age, sex, and educational level. CFS = chronic fatigue syndrome; MS = multiple sclerosis; FM = fibromyalgia;
RA = rheumatoid arthritis; CI = confidence interval; DET = detection task; IDN = identification task; OBK = one back; OCL = one
card learning task; CIS = Checklist Individual Strength.
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FIGURE 2. Effect sizes’ objective and subjective cognitive functioning, when excluding comorbid major depressive disorder or generalized
anxiety disorder. Favors represent a positive effect for the corresponding group reflecting better performance on a cognition task or less
subjective symptoms. Effect sizes based on the estimated means and standard deviations adjusted for age, sex, and educational level.
CFS = chronic fatigue syndrome; GAD = generalized anxiety disorder; MDD = major depressive disorder; MS = multiple sclerosis;
FM = fibromyalgia; RA = rheumatoid arthritis; CI = confidence interval; DET = detection task; IDN = identification task; OBK = one
back; OCL = one card learning task; CIS = Checklist Individual Strength.
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significantly positively related to all four tasks in participants with
FM, but not for OBK (reaction time), indicating that a high symp-
tom severity was associated with reduced task performance in FM.

Statistical tests of differences in regression coefficients be-
tween groups (see note under Table 2) indicated some differences
between groups. Although one association was significantly dif-
ferent in participants with CFS from that in controls, and two from
those in participants with MS, the estimates were very small and
mainly nonsignificant. In participants with FM, a few associations
were significantly different from controls, and one association was
significantly different from participants with RA. However, esti-
mates were again very small and, in one case, nonsignificant within
the group of FM.

Post hoc, we tested associations between cognitive task perfor-
mance and subjective cognitive symptoms in each of the groups
using multivariable regression analyses, adjusted for age, sex,
and educational level. These associations were not significant ex-
cept for the RA group in which a significant but low association
was found four all four tasks.

DISCUSSION
This is the first large population-based study that assessed both
objective cognitive task performance and subjective cognitive
symptoms in individuals with CFS and FM compared with indi-
viduals with MS and RA and a control group, including relevant
Psychosomatic Medicine, V 84 • 1087-1095 1092

Copyright © 2022 by the American Psychosomatic Society.
confounding variables. We found that subjective cognitive symp-
toms are more prevalent in individuals with CFS and FM than in
controls and individuals with MS and RA, respectively. Partici-
pants with CFS had significantly more subjective cognitive symp-
toms and impairments in cognitive task performance compared
with participants with FM, which could not be attributed to the
presence of comorbid mood or anxiety disorders. In addition, as-
sociations between physical symptom severity and cognitive task
performance were, in most cases, not significantly different be-
tween participants with CFS or FM and controls or participants
with well-defined medical diseases. General symptom severity,
but not the main symptoms fatigue or pain, was, in most cases, sig-
nificantly associated with the performance on the cognitive tasks
in all groups.

The main strength of the current study is that it was performed
in a large population-based sample, in which data on subjective
cognitive symptoms, cognitive task performance, and relevant con-
founding variables were collected. This enabled comparing partici-
pants with CFS or FM and participants with well-defined medical
diseases in a single cohort, avoiding differences in selection proce-
dures between cases and controls. Because we selected the groups
from the general population, it was possible to examine subjective
cognitive symptoms and cognitive task performance of the different
study groups irrespective of help-seeking behavior, referral by clini-
cians, and differences in diagnostic assessment.
November/December 2022
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There are also limitations of the current study. First, we used a
brief battery that aims to measure the presence of cognitive prob-
lems in four cognitive domains. This brief battery only covers
these domains in a relatively short time span. It follows that the
scores can only be proxies for more lengthy cognitive (computer)
tasks, whereas adequate cognitive functioning in daily life obvi-
ously requires much more, and more complex, processing. We
deem our findings as valid, although we may have missed more
subtle cognitive differences in objective cognitive functioning be-
tween individuals with CFS or FM and controls or individuals
with well-defined medical diseases. From a clinical point of view,
scores on the CogState brief battery should be seen as a proxy for
cognitive functioning problems. If cognitive impairments are de-
tected, more extensive (computerized) neuropsychological testing
is warranted. Second, because of the sample size and wide geo-
graphical region in which the participants lived, it was not possible
to perform all CogState tests on the same computer. Differences
between computers might have caused differences between partic-
ipants. However, we expect that such effects would be random,
and therefore, we do not expect this to have influenced our results.
Third, cognitive tasks assess specific cognitive functions, whereas
questionnaires cover more global cognitive functions, which
makes it difficult to compare results obtained by cognitive tasks
and subjective cognitive symptoms. The CIS-concentration scale
was used to reflect subjective cognitive symptoms, but this ques-
tionnaire is designed to measure subjective fatigue. Therefore,
the concentration scale may not fully reflect subjective cognitive
symptoms. However, because of the limited number of items that
each research area can contribute to a multidisciplinary study such
as Lifelines, it was not possible to include an additional question-
naire specifically focused on subjective cognitive symptoms.
Fourth, CFS and FM diagnoses were based on the responses to a
questionnaire. This questionnaire included the official positive di-
agnostic criteria, so we assessed the symptoms that comprise the
diagnosis instead of the presence of the diagnosis itself, but with-
out an assessment by a physician or additional blood tests. Be-
cause Lifelines is a large population cohort study that aims to study
a wide spectrum of mental and somatic disorders, it was not feasi-
ble to determine whether participants met the diagnostic criteria for
CFS or FM based on clinical and physical examinations. Also, RA
and MS were assessed based on self-reported disease status de-
rived from the questionnaire; validation studies using clinical diag-
nosis or medical records are lacking. In addition, controls might
have suffered from another condition that may have influenced
their cognitive function. However, such disorders are also present
in the participants fulfilling the diagnostic criteria for CFS or FMS,
so it seems unlikely that this would have had a major influence on
the results.

Our study supports previous findings that cognitive symptoms
are more prevalent and severe in both patients with CFS and FM
compared with controls (8,9). Furthermore, we found that individ-
uals with CFS had reduced visual learning and working memory
maintenance, and individuals with CFS or FM had reduced visual
attention scores compared with controls. Individuals with CFS or
FM did not differ from controls in visuomotor processing speed.
Therefore, this very basic process cannot serve as an explanation
for the differences found in visual attention, working memory,
and visual learning as measured by CogState. These findings are
in accordance with meta-analyses that concluded that patients with
Psychosomatic Medicine, V 84 • 1087-1095 1094
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CFS and FM have primarily cognitive impairments in the domains
of attention, memory, and tasks requiring working memory (10,11).
In contrast to earlier research, we found only small effect sizes for
the differences, and we found that the cognitive task performance
of individuals with CFS and FM is comparable with those in indi-
viduals with MS and RA (25). A possible explanation for these dif-
ferencesmight be that we have avoided some limitations of previous
studies, such as the use of small samples and self-report diagnoses.
In addition, previous research mostly recruited referred patients,
whereas we selected individuals from the general population. Thus,
the results in previous research might be influenced by help-seeking
behavior, referral practices by clinicians, or differences in diagnostic
assessment. That said, our cognitive task was brief and should be
regarded as a proxy of more extensive (computerized) neuropsycho-
logical testing. This study may therefore not have detected all cog-
nitive differences between the groups.

This study found that subjective cognitive symptoms were
more prevalent in individuals with CFS or FM comparedwith con-
trol participants and individuals with well-defined medical dis-
eases, whereas differences in cognitive task performance between
the groups were rather mild. Similar findings have been reported in
previous studies, investigating both healthy participants and pa-
tients with CFS or other disorders (26–28). The difference between
the outcomes of subjective and objective assessments may be due
to the fact that questionnaires measure different domains of cogni-
tive function than cognitive tasks (10,28). Questionnaires cover
more global and overarching cognitive functions, whereas tasks as-
sess much smaller and specific functions. In addition, the CogState
brief battery covered four cognitive domains, whereas adequate
cognitive functioning in daily life requires much more, and more
complex, processing. Furthermore, in accordance with previous re-
search, the presence of comorbid mood or anxiety disorders did not
explain the differences in cognitive performance between groups
(29). Thus, although mood or anxiety disorders are relatively com-
mon in patients with CFS and FM (12), we found no evidence to
suggest that they contribute to cognitive impairments in our study.
We also found that the associations between physical symptom
severity and cognitive task performance were, in most cases,
not significantly different between individuals with CFS or FM
and controls or individuals with well-defined medical diseases.
Moreover, general symptom severity, but not the main symptoms
fatigue or pain, was, in most cases, significantly associated with
the performance on the cognitive tasks in all groups. The asso-
ciations between the experience of somatic symptoms and the
performance on the cognitive tasks were therefore not unique
to individuals with CFS or FM, as shown by the results in controls
or the MS/RA groups.

Lastly, we investigated differences between participants with
CFS and participants with FM. We found that participants with
CFS had significantly more subjective cognitive symptoms and
performed significantly worse on tasks measuring speed of pro-
cessing and attention/working memory, compared with partici-
pants with FM. These findings indicate that cognitive problems
seem to be a more prominent symptom in individuals with CFS
compared with FM.

Although our study addresses many limitations of previous re-
search, our cross-sectional design provides only a first step. Future
studies will be necessary to understand the causes of and contrib-
utors to cognitive problems in patients with CFS or FM and the
November/December 2022
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clinical relevance of these findings. Furthermore, the fluctuations
that occur in symptoms in these patients (e.g., pain, fatigue) may
result in variable results on objective cognitive tasks (30). We rec-
ommend the use of a more extensive cognitive battery that mea-
suresmore aspects of cognitive functioning, in correctly diagnosed
CFS and FM patients compared with a well-matched control
group, including relevant confounding variables and taking into
account the fluctuations of symptoms experienced.
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