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ARTICLE INFO ABSTRACT

Keywords: Background: Chronic sickness behavior is implicated in ME/CFS (Myalgic Encephalomyelitis/Chronic Fatigue
Sickness behavior Syndrome) and chronic pain but the level of subjective sickness behavior in these conditions has not been
ME/CFS

investigated or compared to other clinical and non-clinical samples, or to the level in experimental inflammation.
Furthermore, the relationship between sickness behavior and self-rated health and functioning is not known in
patients with ME/CFS and chronic pain. The aim of the present study was to investigate how sickness behavior in

Chronic Fatigue Syndrome
Chronic pain

Endotoxin
Self-rated health patients with chronic conditions differs from that in individuals with experimental acute sickness, primary care
Functioning patients, the general population and healthy subjects. In addition, we wanted to explore how sickness behavior is

related to self-rated health and health-related functioning.

Methods: Sickness behavior was quantified using the sickness questionnaire (SicknessQ). Self-ratings were
collected at one time-point in 6 different samples. Levels of sickness behavior in patients with ME/CFS (n = 38)
and patients with chronic pain (n = 190) were compared to healthy subjects with lipopolysaccharide(LPS)-
induced inflammation (n = 29), primary care patients (n = 163), individuals from the general population (n
= 155) and healthy subjects (n = 48), using linear regression. Correlations and moderated regression analyses
were used to investigate associations between sickness behavior and self-rated health and health-related func-
tioning in ME/CFS, chronic pain and the general population.

Results: LPS-injected individuals (M = 16.3), patients with ME/CFS (M = 16.1), chronic pain (M = 16.1) and
primary care patients (M = 10.7) reported significantly higher SicknessQ scores than individuals from the general
population (M = 5.4) and healthy subjects (M = 3.6) all p’s < 0.001). In turn, LPS-injected individuals, patients with
ME/CFS and chronic pain reported significantly higher SicknessQ scores than primary care patients (p’s < 0.01).
Higher levels of sickness behavior were associated with poorer self-rated health and health-related functioning (p’s
< 0.01), but less so in patients with ME/CFS and chronic pain than in individuals from the general population.
Conclusions: Patients with ME/CFS and chronic pain report similar high levels of sickness behavior; higher than
primary care patients, and comparable to levels in experimental inflammation. Further study of sickness behavior
in ME/CFS and chronic pain populations is warranted as immune-to-brain interactions and sickness behavior may
be of importance for functioning as well as in core pathophysiological processes in subsets of patients.
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1. Introduction

In recent years, the study of sickness behavior, or the sickness
response, and its implications for health and functioning has received
substantial attention and research support (Capuron and Miller, 2011;
Dantzer and Kelley, 2007; Dantzer et al., 2008; Lacourt et al., 2018;
Dantzer, 2018). In the prototypical situation, the detection of pathogens
by the immune system induces the acute release of inflammatory cyto-
kines which then alters brain function (Dantzer et al., 2008). In brief, four
main pathways have been suggested for these
immune-to-brain-interactions: (a) through signaling via vagal nerve af-
ferents; (b) via cerebral endothelial cells (CEC) expressing cytokine re-
ceptors; (c) via monocyte/CEC-interactions activating microglia, and; (d)
via passive transport at the circumventricular organs where the
blood-brain-barrier is weaker (D’Mello and Swain, 2017). The subse-
quent effects on brain functions include, for example, alterations of the
synthesis, release and reuptake of serotonin and dopamine. Cytokines
also affect the function of the hypothalamic-pituitary-adrenal (HPA) axis
(Capuron and Miller, 2011; D’Mello and Swain, 2017). On the experi-
ential and behavioral level, following the acute release of cytokines as
part of the inflammatory response the affected individual soon presents a
series of typical behaviors during sickness such as general malaise, fa-
tigue, anhedonia, loss of appetite, hyperalgesia and anxiety (Dantzer,
2004; Hart, 1988, 1990). This array of responses is assumed to represent
behavioral adaptations to protect the organism from pathogens and aid
recovery (Dantzer and Kelley, 2007; Hart, 1988). As such, it is believed to
be an evolutionary and functional response in the short-term when the
organism is fighting an infection. If these changes in the
immune-to-brain-interactions persists in the long-term however, as dur-
ing chronic inflammation, they may become maladaptive as they no
longer contribute to recovery but to ill-health (Dantzer et al., 2008;
Lacourt et al., 2018; D’Mello and Swain, 2017; Karshikoff et al., 2017;
Moilanen, 2014). Importantly, from a behavioral perspective, prolonged
sickness behavior may have a negative impact on health and functioning
as acute sickness behavior is characterized by increases in fatigue, pain
sensitivity, social avoidance and depressive symptoms (Lacourt et al.,
2018; Savitz and Harrison, 2018; Harrison et al., 2009; Lasselin et al.,
2016a; Karshikoff et al., 2015).

To experimentally investigate the mechanisms and consequences of
sickness behavior, subjects are injected with a compound stimulating the
innate immune system, such as bacterial endotoxin (lipopolysaccharide,
LPS) or Typhoid vaccine (Harrison et al., 2009; Lasselin et al., 2016a). As
inflammatory markers increase, a corresponding increase in sickness
behavior is seen in the affected individual (Lasselin et al., 2016a; Kar-
shikoff et al., 2015; Andreasson et al., 2018, 2019; Harrison et al., 2016).
However, there is a lack of studies investigating sickness behavior in
longstanding conditions with unclear pathophysiological mechanisms
but where the symptomatology indicates the potential importance of
immune-to-brain-interactions for symptom development. It has been
argued that persistent pain, depression and fatigue could partly be a
consequence of an unabated sickness response (Dantzer et al., 2008;
Lacourt et al., 2018; Karshikoff et al., 2017).

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) and
chronic pain are two longstanding debilitating conditions with unclear
etiology or pathophysiological mechanisms (Breivik et al., 2006; Car-
ruthers et al., 2011). In addition to longstanding fatigue, patients with
ME/CFS present with a range of symptoms pertaining to immune acti-
vation and sickness including general malaise, widespread pain, cogni-
tive difficulties, headache and tender lymph nodes (Carruthers et al.,
2011; Jonsjo et al., 2017; Davenport et al., 2011). Similarly, chronic pain
is associated with depression and anxiety as well as fatigue (Breivik et al.,
2006). Elevated levels of inflammatory markers, for example
interleukin(IL)-6, IL-8 and tumor necrosis factor alpha (TNF-a), have
been reported in patients with longstanding pain (Koch et al., 2007). In
ME/CFS, preliminary results from recent studies indicate that inflam-
matory markers in combination with behavioral factors could be of
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importance for symptom burden and functioning (Karshikoff et al., 2017;
Milrad et al., 2017, 2018; Lattie et al., 2012). However, the level of
subjective sickness behavior has not been assessed or compared between
the two patient groups nor compared to the level in other populations
with validated instruments. In addition, it is not known how subjective
sickness behavior in these chronic conditions relates to physical and
mental health-related functioning and self-rated health.

The aims of this study were threefold. First, we wanted to investigate
the level of sickness behavior as assessed with a validated sickness
questionnaire (SicknessQ (Andreasson et al., 2018)) in patients with
ME/CFS and in patients with chronic pain as compared to four reference
groups. We hypothesized that ME/CFS and chronic pain patients would
report higher levels of sickness behavior compared to healthy subjects,
primary care patients and individuals from the general population but
lower than healthy subjects injected with LPS. The second aim was to
determine whether or not there were differences in the sickness behavior
profile between ME/CFS, chronic pain and healthy subjects injected with
LPS. We hypothesized that patients with ME/CFS and chronic pain would
report similar levels of sickness behavior, including items on fatigue and
pain given the high comorbidity between the symptom complexes in
these populations. We hypothesized that patients with ME/CFS and
chronic pain would report lower levels on items not relating to core
symptoms in their respective conditions (i.e. non-pain or
non-fatigue-related items) than LPS-injected healthy subjects. Our third
aim was to investigate the associations between sickness behavior and
health-related functioning and self-rated health, including if the strength
of the associations differed between patients with ME/CFS, chronic pain
and individuals from the general population. We hypothesized that the
strength of the associations between sickness behavior and self-rated
health, physical and mental health-related functioning would be
similar in patients with ME/CFS, in patients with chronic pain and in
individuals from the general population.

2. Methods
2.1. Participants and procedure

2.1.1. Healthy subjects

Baseline data from healthy subjects participating in an LPS experi-
ment was used as the healthy control reference in the present study. For a
detailed account of methods and materials, see (Karshikoff et al., 2015;
Andreasson et al., 2019). Participants were mainly university students
recruited through advertising. For inclusion, participants had to: be
18-50 years old; right-handed; medication free; non-smokers; be without
history of drug abuse; be without history of or ongoing inflammatory,
psychiatric and sleep disorders or chronic pain, as well as have a body
mass index within the normal range. Out of the 52 healthy subjects that
participated in the experiment, 48 had complete SicknessQ data at
baseline and were included in the analyses for the present study (56.3%
women, Mage = 28.3 years, SD = 6.8 years). The study was approved by
the Regional Ethical Review Board in Stockholm, Sweden (Dnr:
2008/955-31) and all participants gave written informed consent.

2.1.2. General population

Participants in the LongGERD study were drawn from a random
sample of the general population in Osthammar community, previously
described in detail (Agreus et al., 2016). Adult inhabitants born on day 3,
12 and 24 of each month were sent a validated questionnaire for
abdominal symptoms in 1988, 1989, 1995 and 2011. In 2011, partici-
pants who had participated in the previous surveys but who had moved
out of Osthammar community received the questionnaire in addition to
the current Osthammar inhabitants (total n = 1863). Responders to the
2011 survey who were available for an upper endoscopy (age below 80
years and living within 20 km of the study center, n = 947) were con-
tacted and asked to have the investigation (Agreus et al., 2016). Re-
sponders who agreed to the investigation were slightly older than those
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who declined but did otherwise not differ regarding gender distribution,
education and self-rated health. Responders who agreed to the investi-
gation (n = 402) were asked to fill out an online form including the
SicknessQ. A total of 155 of the participants (50% women; Mpge = 53.2
years; SD = 15.9) completed the questionnaires. Missing data, due to
technical problems, was assumed to be missing at random and there were
no significant differences in proportion of men and women or in age
between those with complete data and those without. The study was
approved by the Regional Ethics Board in Uppsala (Dnr 2010/443) and
all participants provided informed consent.

2.1.3. Primary care patients

Participants were consecutively recruited during the spring of 2012
from patients visiting the light emergency drop-in clinic at a primary
healthcare clinic in Stockholm, previously described in detail
(Andreasson et al., 2018; Lodin et al., 2019). Pregnant women, patients
under 18 years of age, and patients not able to speak and read Swedish
were excluded. All non-urgent visits including medical consultations
regarding annual health examinations, prescriptions for addictive
drugs, chronic pain conditions, and sick leave renewal or other certif-
icates were referred to booked appointments instead of the drop-in
clinic and were automatically ineligible. The three most common rea-
sons for seeking consultation were acute infection, muscle and joint
pain, and symptoms from airways (asthma and allergy). Out of 215
persons approached, 163 patients completed the SicknessQ, resulting in
a response rate of 76 per cent (70.1% women; Mpge = 47.9 years; SD =
16.8). The study was approved by the Regional Ethical Review Board in
Stockholm (Dnr 2011/1851-31/1) and all participants gave written
informed consent.

2.1.4. Chronic pain patients

Patients were consecutively recruited at a tertiary specialist clinic
between 2009 and 2013 after referral from primary and tertiary care
units. Patients were eligible for inclusion if they had longstanding pain
(>6 months) and were above 18 years of age. Patients were excluded if:
they were under 18 years of age; they currently participated in a CBT-
based treatment; they presented with severe psychiatric co-morbidity
that required immediate assessment and/or treatment (e.g., high risk
of suicide, psychotic symptoms, and severe depressive episode); or, they
were unable to fill out the questionnaires in Swedish. Data were collected
using self-report questionnaires as part of the first visit to the clinic. A
total of 190 individuals completed SicknessQ and were included in this
study (78.4% women; Mage = 41.0 years; SD = 13.5). The study was
approved by the Regional Ethical Review Board in Stockholm, Sweden
(Dnr 2010/662-31/3) and all participants gave written informed
consent.

2.1.5. ME/CFS patients

Patients with ME/CFS were consecutively recruited at a tertiary
specialist clinic between 2013 and 2016 as described previously in detail
(Jonsjo et al., 2019). Participants were assessed by a physician and a
psychologist in order to exclude other potential causes for the symp-
tomatology. All ME/CFS participants fulfilled the 1994 Centers for Dis-
ease Control and Prevention (CDC) and the 2011 International Consensus
Criteria (ICC) for ME/CFS (Carruthers et al., 2011; Fukuda et al., 1994).
Patients were excluded from the study if they were non-adherent during
the assessment phase, if they lacked sufficient Swedish language skills to
independently fill out the questionnaires and/or if they had psychiatric
comorbidity meeting criteria for schizophrenia, bipolar disorder or major
depressive disorder. Questionnaire data was collected at the visit to the
clinic. A total of 38 individuals had complete SicknessQ data and were
included in this study (81.6% women; Mge = 50.3 years, SD = 9.3). The
study was approved by the Regional Ethical Review Board in Stockholm,
Sweden (Dnr 2015/370-31/4) and all participants gave written informed
consent.
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2.1.6. LPS-injected subjects

Out of the 48 subjects used as healthy controls as described above, 29
had been randomized to receive an injection with 0.6 ng/kg LPS (E. Coli,
Lot nr:G3E0609, United States Pharmacopeia Rockville, MD) intrave-
nously. Injected healthy subjects consists of the 29 (58.6% women, Mage
= 27.4 years, SD = 6.7). Sickness behavior was assessed with the Sick-
nessQ at 1.5 h after injection. The placebo group 21 (52.4% women)
subjects were injected with saline and their ratings at 1.5 h were not used
in the present study.

2.2. Measures

2.2.1. Sickness behavior

Sickness behavior was assessed with the SicknessQ, a 10-item scale
developed to assess subjective sickness behavior in humans and is rated
on a 4-point scale with a maximum score of 30 (Andreasson et al., 2018).
Confirmatory factor analyses using Stata 15.1 (StataCorp. College Sta-
tion, Texas USA) were utilized to investigate the fit of the single factor
structure of the Sickness Questionnaire within each sample. The fit for
each model was evaluated using published criteria including the residual
Chi-Square test (ideally p > .05), the ratio Chi-Square/levels of freedom
(df) (ideally <5.0), the Comparative Fit Index (CFL; ideally >0.95), the
Tucker-Lewis index (TLI; ideally >0.95) and Root Means Square Error
Approximation (RMSEA; ideally <0.05) (Schermelleh-Engel et al., 2003).
In the healthy subjects the single-factor structure showed an ideal fit with
a residual Chi-Square test p = .66, Chi-Square/df = 0.88, CFI = 1.00, TLI
= 1.09 and RMSEA<O0.001. In the general population sample the
single-factor SicknessQ structure showed a close to ideal fit with a re-
sidual Chi-Square test p = .28, Chi-Square/df = 0.98, CFI = 0.99, TLI =
0.98 and RMSEA = 0.028. In the ME/CFS sample the single-factor
structure showed a reasonable fit with a residual Chi-Square test p =
.08, Chi-Square/df = 1.36, CFI = 0.89, TLI = 0.84 and RMSEA = 0.097.
In the LPS-injected subjects the single-factor structure showed an ideal fit
with a residual Chi-Square test p = .40, Chi-Square/df = 1.04, CFI = 0.99,
TLI = 0.99 and RMSEA = 0.039. The fit of the single-factor structure for
the primary care population and the chronic pain sample have been
evaluated previously and showed a close to ideal fit in the primary care
sample (Andreasson et al., 2018) and a perfect fit in the chronic pain
sample (Astrom et al., manuscript in preparation).

2.2.2. Functioning and self-rated health

Physical and mental health-related functioning and self-rated health
were assessed using the RAND SF-36/SF-12 Health Survey (Sullivan and
Karlsson, 1998; Gandek et al., 1998; Ware et al., 1996; McHorney et al.,
1993). Self-rated health was assessed through item 1 which asks the
participants to rate their health from “Excellent” to “Poor” on a five-point
scale where higher scores indicate worse health (Sullivan and Karlsson,
1998; McHorney et al., 1993). SF-36 data was available for patients with
ME/CFS and the general population sample while the short version SF-12
was available for patients with chronic pain (Ware et al., 1996). A close
correlation between the composite (Physical; PCS, and Mental; MCS)
scores between the SF-36 and SF-12 has been subsequently shown in
different populations, and the Swedish versions of the instruments
demonstrate good overall psychometric properties (Sullivan and Karls-
son, 1998; Gandek et al., 1998; Ware et al., 1996; McHorney et al., 1993).

2.3. Statistical analyses

Patient characteristics and questionnaire data were analyzed using
mean and standard deviation (SD) for quantitative measures and count/
percent for qualitative measures. Linear regression was utilized to
investigate differences in SicknessQ scores as well as ratings on each item
between groups, adjusted for age and sex. Bivariate correlations were
utilized to investigate the association between sickness behavior and self-
rated health and physical and mental health-related functioning,
respectively, in each sample separately. Linear regression was used to
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Table 1
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Age, sickness behavior, self-rated health, physical and mental health-related functioning (range, Means and SDs).

Age SicknessQ Self-rated health SF-36/12 Physical SF-36/12 Mental

Range Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD)
Healthy subjects 20-47 28.3 (6.8) 0-10 3.6 (2.7) N/A N/A N/A N/A N/A N/A
General population 21-79 53.2 (15.9) 0-20 5.4 (4.9) 1-5 2.6 (1.0) 21.3-69.5 49.8 (8.8) 11.2-65.7 50.6 (10.1)
Primary care 18-83 47.9 (16.8) 0-30 10.7 (6.9) N/A N/A N/A N/A N/A N/A
Chronic pain 18-86 41.0 (13.5) 0-29 16.1 (6.5) 1-5 4.0 (1.0) 15.6-53.9 30.2 (8.2) 16.9-64.4 37.9 (11.6)
ME/CFS 28-72 50.3 (9.3) 5-28 16.1 (5.4) 2-5 4.1 (0.8) 15.5-53.7 31.1 (9.9) 15.0-56.1 38.6 (11.7)
LPS-injected 20-47 27.4 (6.7) 2-26 16.3 (7.1) N/A N/A N/A N/A N/A N/A

N/A: RAND SF-36/12 questionnaire not available. Mean values of SicknessQ score in the primary care sample, healthy subjects and LPS-injected subjects have been

reported previously.
(Andreasson et al., 2018, 2019). SD indicates standard deviation.

investigate differences in strength of these associations (moderation)
between samples through the statistical interaction between sample
group (general population; chronic pain; ME/CFS) SicknessQ (predictor)
with self-rated health, physical and mental health-related functioning as
the outcomes, adjusted for age and sex. Due to non-Normality, statistical
inference employed the nonparametric bootstrap using 2000 repetitions.
Linear regressions were performed using Stata 15.1 (StataCorp. College
Station, Texas USA). All other analyses were performed using SPSS
version 25 (IBM Corp. IBM SPSS statistics for Macintosh, version 25.
Armonk, NY: IBM Corp, 2017). An alpha level of 0.05 (two-tailed) was
used in all statistical tests.

3. Results

Descriptive statistics (range, mean values and SDs) for age, sickness
behavior, self-rated health, physical and mental health-related func-
tioning are presented in Table 1. In the primary care, chronic pain and
ME/CFS samples the majority of the participants were women; 70.1%,
78.4%, and 81.6% respectively. In the general population sample, sex
was equally distributed between genders (50% women), and in the
healthy subjects with/without LPS-injection sex was close to equally
distributed (56.3%; 58,6% women, respectively). The primary care,
chronic pain and ME/CFS and general population study samples were
similar in terms of age while the healthy subjects and LPS-injected sub-
jects were significantly younger (all p’s < 0.001, Table 1).

SicknessQ scores in all six samples are visually presented in Fig. 1.
Mean values and standard deviations for each SicknessQ item for all
groups are provided in as a supplementary table (Supplementary
Table 1). Healthy subjects injected with LPS, patients with ME/CFS,

patients with chronic pain, primary care patients and individuals from
the general population reported significantly higher SicknessQ scores
than healthy subjects (all p’s < 0.001, Table 1/Fig. 1). Healthy subjects
injected with LPS, patients with ME/CFS, patients with chronic pain and
primary care patients also reported significantly higher SicknessQ scores
than individuals from the general population (all p’s < 0.001). In addi-
tion, healthy subjects injected with LPS, patients with ME/CFS and pa-
tients with chronic pain reported significantly higher SicknessQ scores
than primary care patients (all p’s < 0.01). Healthy subjects injected with
LPS, patients with ME/CFS and chronic pain reported similar levels of
sickness behavior on the SicknessQ (all p’s > 0.05). In summary, patients
with ME/CFS, patients with chronic pain and healthy LPS-injected sub-
jects showed similarly high levels of sickness behavior, significantly
higher than the other samples.

Analyses of individual items (see Fig. 2/Supplementary Table 1)
showed the same pattern as for the total score where healthy subjects
injected with LPS, chronic pain and ME/CFS patients showed signifi-
cantly higher levels on all items compared to the general population
sample and healthy subjects (all p’s < 0.05), except for item 5 (“I feel
depressed”) where the LPS-injected sample did not differ significantly
from the general population (p > .05). Patients with chronic pain re-
ported significantly higher scores on item 5 (“I feel depressed”) than LPS-
injected subjects (p < .001). Patients with ME/CFS reported significantly
higher scores than LPS-injected subjects on item 6 (“I feel drained”) and
item 9 (“I feel tired”; p’s < 0.01) (Table 2). ME/CFS patients reported
significantly higher levels on item 1 (“I want to keep still”), item 6 (I feel
drained”) and item 9 (‘I feel tired”) (p’s < 0.05) than patients with
chronic pain, while patients with chronic pain reported a significantly
higher mean score on item 5 (“I feel depressed”; p < .001) than patients
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Fig. 1. Means and confidence intervals (CI's) for the SicknessQ score in each sample.
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Fig. 2. SicknessQ profile in each sample (item-by-item Means and CI’s).

with ME/CFS. In summary, patients with ME/CFS, patients with chronic
pain and LPS-injected subjects showed similar sickness behavior profiles,
with the exception of patients with ME/CFS showing significantly higher
levels on items related to fatigue, and patients with chronic pain showing
significantly higher levels on the item related to depression.

Pearson correlations for the associations between sickness behavior
and self-rated health as well as physical and mental health-related
functioning are presented in Table 2. Higher levels of sickness behavior
were significantly associated with worse self-rated health in the general
population and chronic pain sample, while the association was not sta-
tistically significant in the ME/CFS sample. In the general population,
higher levels of sickness behavior were statistically significantly associ-
ated with lower levels of both physical and mental health-related func-
tioning. This was also seen in the chronic pain sample. In the ME/CFS
sample, associations between sickness behavior and health-related
functioning were not statistically significant.

Moderated regression analyses for these associations are presented in
Figs. 3-5. The strength of the associations between the SicknessQ and
self-rated health was significantly weaker in the chronic pain and ME/
CFS samples compared to the general population (p < .01; see Figs. 3-5
for regression slopes). The strength of the associations between the
SicknessQ and the health-related physical functioning composite score
were significantly weaker in chronic pain and ME/CFS compared to the
general population (all p’s < 0.05). The strength of the association be-
tween the SicknessQ and the health-related mental functioning com-
posite score were significantly weaker in ME/CFS compared to the
general population (p’s < 0.05).

4. Discussion

The aim of the present study was to investigate the level of sickness
behavior in patients with ME/CFS and chronic pain. Patients with ME/
CFS and patients with chronic pain reported similar levels of sickness
behavior which were significantly higher than the level in clinical and
non-clinical reference groups, and equal to the level reported in experi-
mental inflammation. In addition, we wanted to explore the associations
between sickness behavior and self-rated health as well as physical and
mental health-related functioning in these groups. These associations
were stronger in the general population than in the chronic pain and ME/
CFS patient groups.

The high levels of sickness behavior in ME/CFS and chronic pain
compared to the reference groups are noteworthy. The individuals in the

Table 2

Pearson correlations for SicknessQ and self-rated health, physical and mental
health-related functioning health in the general population sample and patients
with chronic pain and ME/CFS.

Sample Self-rated health SF-36 Physical SF-36 Mental
General population .58%* - 40%* .64
Chronic pain .39%* -22%% -.63%*
ME/CFS -.08 -22 -27

**p < .01 (2-tailed).
*p < .05 (2-tailed).

primary care patient sample, where the most frequent causes for seeking
care were acute infection, muscle pain and airway symptoms, presum-
ably experienced themselves as sick enough for motivating a healthcare
visit. In addition, the levels of sickness behavior reported in the patients
with ME/CFS and chronic pain were similar to the level of sickness
behavior reported by healthy individuals at peak immune response after
receiving an injection of LPS, a substance effective at activating the im-
mune system and commonly used to investigate sickness behavior
experimentally (Andreasson et al., 2018, 2019). With regards to the
second aim, the levels of specific sickness behavior responses analyzed
item-by-item on the SicknessQ showed similar patterns for LPS-injected
individuals, chronic pain and ME/CFS samples. As such, the pattern of
the differentiating levels of sickness behavior follows a gradient in the
included samples, from very low levels in healthy subjects to the high and
similar level in patients with ME/CFS, patients with chronic pain and
LPS-injected healthy subjects. This was not expected as LPS-induced
inflammation results in much higher levels of inflammatory markers
compared to the levels reported in ME/CFS and chronic pain (Koch et al.,
2007; Blundell et al., 2015; Schedlowski et al., 2014). One possible
explanation for this similarity in subjective sickness behavior between
chronic and acute conditions could be that in ME/CFS and chronic pain,
vulnerability factors in combination with repeated hits on the homeo-
static systems by immunological and/or psychological stressors have
resulted in a dysregulated sickness behavior circuitry with a persistent
low-grade pro-inflammatory state. However, there is a need for research
investigating the longitudinal relationship between inflammatory
markers implicated in sickness behavior and subjective sickness behavior
in ME/CFS and chronic pain, and understanding the importance of such
factors for symptom development and functioning.

Regarding the associations between sickness behavior and measures
of health and functioning, sickness behavior as assessed with the
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Fig. 3. Associations between SicknessQ and self-rated health in the general population sample and patients with chronic pain and ME/CFS.

SicknessQ was consistently related to self-rated health and health-related
physical and mental functioning in individuals from the general popu-
lation and patients with chronic pain, but not in the ME/CFS patients.
This might be due to the plausibly persistent high level of sickness
behavior in this group which could affect variability and associations.
Furthermore, although data in the present study was cross-sectional,
given the plausible persistent high level of sickness behavior in ME/
CFS and chronic pain, these patients may have developed coping stra-
tegies over time in order to reduce the influence of sickness behavior on
perceived health and functioning. Importantly, the core symptom burden
alone would account for the low levels of functioning and quality of life
in these groups (Breivik et al., 2006; Falk Hvidberg et al., 2015). As such,
the investigation of immune-neuro-behavior interactions may add to the
current knowledgebase regarding etiology and pathophysiological
mechanisms in these conditions. Based on the high level of sickness
behavior reported in these groups, we suggest the further study of sick-
ness behavior and its proposed mechanisms in the chronic pain and
ME/CFS populations, where longstanding alterations in the sickness

behavior circuitry may be of importance for symptom development,
functioning and quality of life in subsets of patients. Recent preliminary
research results indicate that the immune-to-brain communication is of
importance for chronic pain and ME/CFS, where sickness behavior pro-
cesses on both behavioral and biological levels may affect symptoms and
treatment response (Karshikoff et al., 2017; Milrad et al., 2017, 2018;
Lattie et al., 2012; Lasselin et al., 2016b). More so, until pathophysio-
logical mechanisms are accessible for targeted treatment, the develop-
ment of treatments that include behavioral strategies for managing
longstanding sickness behavior responses in more effective ways seem to
be of importance. For chronic pain, Acceptance and Commitment Ther-
apy (ACT) shows strong research support (Hughes et al., 2017; Society of
Clinical Psychology APADivision 12). ACT-treatment also shows pre-
liminary but promising results in improving functioning and quality of
life in ME/CFS (Jonsjo et al., 2019; Jacobsen et al., 2017; Densham et al.,
2016). Potentially, these treatments may be targeted at more general
sickness symptoms, in addition to the main symptom pertaining to the
two respective diagnoses.
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Fig. 4. Associations between SicknessQ and physical health-related functioning in each sample.
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Fig. 5. Associations between SicknessQ and mental health-related functioning in each sample.

Some limitations in this study should be considered when interpret-
ing the findings. First, the cross-sectional design excludes causal in-
terpretations of the effects of sickness behavior on health-related
functioning and self-rated health. Second, the ME/CFS sample size was
small, potentially affecting the non-significant association between
sickness behavior and self-rated health as well as functioning in this
group, as for example the association for physical functioning was similar
in strength to the chronic pain sample. The sample size may also explain
the poorer fit of the CFA for the ME/CFS sample, hence further study of
the SicknessQ in larger samples from the ME/CFS population is needed.

In conclusion, patients with ME/CFS and chronic pain report high
levels of sickness behavior symptoms compared to healthy subjects, in-
dividuals from the general population and primary care patients.
Furthermore, the level of sickness behavior reported in ME/CFS and
chronic pain compares to the level of sickness behavior reported during
an acute and strong immune activation using bacterial endotoxin. In-
terventions targeted at reducing the impact of sickness behavior in
addition to the core symptoms should be explored in ME/CFS and
chronic pain, although the association between sickness behavior and
health-related functioning was weaker in these groups compared to the
general population. Thus, the present findings warrant further investi-
gation of the sickness behavior circuitry in chronic pain and ME/CFS, in
order to develop our knowledge of pathophysiological mechanisms and
more effective treatments.
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