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A B S T R A C T

Chronic Fatigue Syndrome (CFS) and Fibromyalgia (FM) are both chronic disorders that have a devastating
effect on the lives of the affected patients and their families. Both conditions have overlapping clinical features
that partly resemble those of inflammatory disorders. The etiology is still not understood, and it is suggested that
the immune system might be a contributing factor. So far, the results are inconclusive. The purpose of this study
was to compare the two conditions and investigate the level of the inflammatory marker high-sensitivity CRP
(hsCRP) in CFS and FM patients compared to healthy controls.

Female participants aged 18–60 years were enrolled in this study. The group consisted of 49 CFS patients, 57
FM patients, and 54 healthy controls. hsCRP levels were significantly higher for both the CFS and the FM groups
compared to healthy controls when adjusting for age, smoking, and BMI (p < .001). There was no difference
between the two patient groups. The level of hsCRP was affected by BMI but not by age and smoking.

Patients with CFS and FM have higher concentrations of hsCRP compared to healthy controls. This remains
significant even after adjusting for BMI. CFS and FM cannot be distinguished from each other on the basis of
hsCRP in our study.

1. Introduction

The disorders Chronic Fatigue Syndrome (CFS) and Fibromyalgia
(FM) are two distinct diagnostic groups; however, they show over-
lapping symptoms (Clauw, 2010). CFS is characterized by severe fa-
tigue with distinct onset, lasting more than 6months, not necessarily
connected to ongoing exertion, not affected by rest, and causing re-
duced function. In addition, the occurrence of at least four of the fol-
lowing eight symptoms is observed: impairment in short-term memory
or concentration, sore throat, tender cervical or axillary lymph nodes,
muscle pain, multi-joint pain, headaches of a new type, pattern, or
severity, unrefreshing sleep, and post-exertional malaise lasting more
than 24 h (Fukuda et al., 1994). Both CFS and FM diagnoses are based
on specific inclusion criteria and exclusion of other diagnoses causing
the same symptoms, although symptoms from both somatic and psy-
chiatric origin seem to be present (Carruthers et al., 2011; Fukuda et al.,
1994; Wolfe et al., 2016, 1990). These two conditions cause distress for
the patients and potentially increase expenses for the health-care
system. Thus, more knowledge is needed to alleviate the issues caused

by CFS and FM.
Pain and fatigue are common traits in several inflammatory dis-

orders. Inflammation directly activates pain systems (Sommer and
Kress, 2004) and causes fatigue (Norheim et al., 2011; Sluka and Clauw,
2016). Another trait of several inflammatory disorders is “sickness be-
havior” referring to non-specific symptoms such as anorexia, depressive
activity, loss of interest, and disappearance of body-care activities (Kent
et al., 1992). Sickness behavior may be caused by immune mediators
(e.g., IL-1; Kent et al., 1992). Thus, the immune system is an obvious
candidate to investigate for its role in CFS and FM. So far, studies are
inconclusive (Feinberg et al., 2017; Lyall et al., 2003; Raison et al.,
2009; Sotzny et al., 2018; Wyller et al., 2017). We previously have
shown a tendency to increased inflammation measured as increased
TNF-α in CFS patients compared to controls (Groven et al., 2018).

Because the etiology for FM is as vague as that for CFS, we wanted
to study similarities and differences between the two conditions. In the
present study, the general and widely used immune marker hsCRP is
explored in patients with CFS and FM and in healthy controls. hsCRP is
a more accurate method of measuring levels of CRP.
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2. Method

2.1. Sample population

2.1.1. Patient groups
Female, non-pregnant patients aged 18–60 years admitted to the

Multidisciplinary Pain Centre at St. Olav’s University Hospital, Norway,
for CFS and FM were eligible for the study. Patients with challenging
clinical pictures regarding problems such as CFS and FM are referred to
this centre by general practitioners in Mid-Norway.

Each participant went through a comprehensive clinical examina-
tion and was thoroughly evaluated by an expert team of medical doc-
tors, physiotherapists, and psychologists. FM patients (n=58) were
diagnosed by using the 1990 ACR criteria (Wolfe et al., 1990). CFS
patients (n=49) were diagnosed according to the Fukuda criteria
(Fukuda et al., 1994). Exclusion criteria were in accordance with di-
agnostic criteria including known inflammatory disease.

2.1.2. Healthy controls
A healthy group of 53 females aged 18–60 years was consecutively

recruited by advertising through websites among the staff of the
Norwegian University of Science and Technology and St. Olav’s
University Hospital. Their health was assessed by conducting a struc-
tured medical history and by using questionnaires included in this study
measuring the symptoms of CFS and FM (see 2.4 Questionnaires and 2.5
Interview).

2.2. Procedure

The CFS patients were informed about the study by a letter sent by
the hospital prior to or shortly after their evaluation or given during
their evaluation at the centre. The FM patients were given an in-
formation letter by the staff during the examination and evaluation of
their FM diagnosis. Both patient groups were then contacted by phone
and asked for participation in this study by a member of staff, and an
appointment was scheduled for those who accepted to join the study.

2.3. Study design and ethics

The assessment lasted approximately 30–40min and included an
interview, questionnaires, and blood sampling. Data were collected in
the period from March 2015 to December 2016. The order of the as-
sessments was random.

The study was approved by the Regional Committee for Medical and
Health Research Ethics (REK 2014/711). Written informed consent was
obtained from all participants.

2.4. Questionnaires

All participants filled out the Hospital Anxiety and Depression Scale
(HADS; Zigmond and Snaith, 1983), the FM 2011 and 2016 criteria
(Wolfe et al., 2016; Wolfe and Hauser, 2011), the Chalder Fatigue Scale
(Chalder et al., 1993), and the Brief Pain Inventory (BPI) (Cleeland,
1991; Klepstad et al., 2002).

2.5. Interview

For each participant, age, height, and weight were recorded. A
structured clinical interview was conducted by the first author. History
regarding infections, immune disorders, illness in general (somatic as
well as psychiatric), comorbid disease, medication, menstrual cycle, use
of contraceptives, status of menopause, duration of illness (if applic-
able), and level of physical activity during the previous two weeks was
recorded.

2.6. Blood sampling

There were no restrictions given prior to blood sampling. The blood
samples were collected in serum tubes (Vacuette® 5ml Z Serum Sep
Clot Activator) and analyzed for hsCRP at the hospital clinical lab by
Siemens Advia Chemistry XPT and Roche Modular P according to the
laboratory procedure. Blood samples were also screened for any signs of
infection and inflammation (e.g., microbiological serology, white blood
cell count, etc.). Signs of any abnormalities led to exclusion from the
study.

2.7. Statistical analysis

We used the Statistical SoftWare Package (SPSS) Statistics, version
22. All variables were tested for normality and homogeneity by using
the Kormaninov-Smirnov and Shapiro-Wilk tests and the Levene’s test.

For comparison of age and BMI between groups, the Kruskall-Wallis
test was applied. Mann-Whitney U was used for post-hoc analysis of
pair-wise comparison. For the variable CRP, natural log transformed
data (lnCRP) were used, and linear regression was applied. For these
data, post-hoc pair-wise comparison was conducted by means of
Student’s t-test.

3. Results

The basic descriptives of key variables are summarized in Table 1.
The total number of participants was 160, distributed among the three
groups as follows: CFS (n=49), FM (n=58), and healthy controls
(n=53). The median hsCRP concentration was 0.94mg/L for CFS,
1.30mg/L for FM, and 0.60mg/L for the control group. hsCRP was not
normally distributed and hence was transferred into the natural log
(lnCRP) for further analyses.

The Kruskall-Wallis test revealed statistically significant differences
in age and BMI between the groups (Table 1). Pair-wise analyses for age
and BMI are shown in Tables 2 and 3.

BMI made a considerable contribution to the model, accounting for
23.1% of the variance of lnCRP (p < .001, F(1, 145)= 43.62), whereas
the group parameter accounted for 6.9% of the variance (p= .001, F(2,
145)= 5.37). Age had no effect on the outcome (p= .200, F(1,
145)= 1.66). There was no relationship between smoking status and
hsCRP levels (p= .925, ρ=−0.008).

There was a strong positive correlation between hsCRP and BMI for
the total sample population (N=150, Spearman’s ρ=0.439,
p < .001). We also observed a correlation between diagnostic group
and hsCRP (N=153, Spearman’s ρ=−0.190, p= .019).

The difference in lnCRP was significantly higher in FM and CFS
groups compared to the control group (b=0.591, p= .004 and
b=0.563, p= .009, respectively). There was no difference between
the two patient groups FM and CFS (p= .902; Table 2 and Fig. 1).

4. Discussion

CFS and FM groups showed significantly higher levels of hsCRP than
the healthy-control group (p= .009 and p= .004, respectively) but
could not be distinguished between each other (p= .902). hsCRP was
correlated to BMI but not to age nor smoking. After adjustment for BMI,
the increased hsCRP in both patient groups compared to healthy con-
trols was still significant.

Although there are reports finding a lack of association between
inflammation and CFS (Wyller et al., 2017), a substantial number of
reports indicating an association are published (Patarca-Montero et al.,
2001; Patarca, 2001; Raison et al., 2009; Russell et al., 2018). A recent
review on CFS and autoimmunity does not mention CRP, although
other immune markers are discussed (Sotzny et al., 2018). A recent
report (Giloteaux et al., 2016) comparing patients with CFS and healthy
controls found a slightly, but not significantly, higher level of hsCRP in
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patients with CFS, whereas a previous study on CFS patients recruited
from gastroenterology and rheumatology departments found sig-
nificantly increased hsCRP levels among CFS patients compared to
controls (Groeger et al., 2013). Both studies included both genders and
a broader age span and did not adjust for BMI. Also, genetic studies in
adolescents have indicated a link between immune activity and CFS
(Nguyen et al., 2018). Raison et al. (2009) found that an increased
hsCRP in patients with CFS was no longer significant after adjusting for
age, sex, race, location of residence, BMI, depressive status, and im-
mune-modulating medications. We had only one gender, none of the
participants were taking immune-modulating medications, there was
no comorbidity, and we did not find any effect of age in our groups.
Regarding for race and location of residence, we did not record these
data, but all our participants were recruited from rather homogenous
areas in and around Trondheim, Middle Norway. The role and type of
inflammation in CFS needs to be clarified to improve prevention and
treatment of the condition. Our study is a contribution to this field
because it explores the phenomenon between groups in which there are
few differences apart from the presence of CFS (i.e., otherwise healthy,
only one gender, socio-economically homogenous group, and narrow
age span), and BMI is adjusted for.

A recent report measuring CRP in FM patients did not find any
differences between patients and controls regarding hsCRP, although an
effect was seen for leptin (Ataoglu et al., 2018). A large-population-
based study found increased CRP among participants with self-reported
diagnosis of FM and suggested that it was partially explained by BMI
and comorbidity (Feinberg et al., 2017). Furthermore, a review of
studies reporting the effect of non-pharmacological interventions in FM
patients did not find a consistent effect on CRP. Still, baseline CRP le-
vels were higher than the reference value in three of the included stu-
dies (Sanada et al., 2015). A subgroup of FM patients with in-
flammatory changes including altered CRP has also been suggested
(Metyas et al., 2015). As shown by others (Xiao et al., 2013), we found
that hsCRP was associated with BMI among all FM patients as well as
healthy controls. However, after adjusting for BMI, there was still a
significantly higher level of hsCRP among patients compared to con-
trols. To our knowledge, this has not been consistently reported pre-
viously, and the phenomenon should be further explored.

In our study, both patient groups show significantly higher hsCRP
than healthy controls. However, the patient groups do not deviate from
each other. CFS and FM are defined as two distinct disorders although
there is a high comorbidity, and there are several overlapping symp-
toms and findings between the two disorders (Clauw, 2010). Raison
et al. (2009) found that people with CFS and a group with CFS-like
illness could not be distinguished from each other on the basis of hsCRP
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Table 2
Pair-wise analysis of age between groups.

Comparison groups Ua z p pb

CFS Control 916.0 −2.56 0.010 0.029
FM Control 1314.5 −1.32 0.189 0.545
CFS FM 786.5 −3.97 < 0.001 <0.001

a Mann-Whitney U.
b Adjusted by the Bonferroni correction for multiple tests.

Table 3
Pair-wise analysis of BMI between groups.

Comparison groups Ua z p pb

CFS Control 1095 −1.04 0.299 1
FM Control 1182 −1.97 0.049 0.179
CFS FM 928 −2.69 0.007 0.016

a Mann-Whitney U.
b Adjusted by the Bonferroni correction for multiple tests.
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levels. It is important to keep in mind these biological similarities be-
cause there are deviating reports on the differences between CFS and
FM regarding clinical symptoms such as personality (Ablin et al., 2016;
Balbaloglu et al., 2018; Sirois and Molnar, 2014), cognition (Rasouli
et al., 2019; Schmaling and Betterton, 2016), and balance (Rasouli
et al., 2018).

BMI had a clear effect on hsCRP. This is in line with findings in
several other studies and with the known effect of adipose tissue on the
production of CRP (Lau et al., 2005). Our study confirms that studies on
CRP as well as inflammation in general should be corrected for BMI.

We did not find an effect of age on CRP. This is in line with Xiao
et al. (2013). This might be surprising because it is generally assumed
that inflammation increases with age. However, our population overall
may be too young to reveal this effect. CRP only seems to be increased
with age in men but is manifested in women only after menopause
(Poledne et al., 2009). Also, no effect of smoking was seen.

There might be differences in inflammatory markers between short-
and long-term duration of CFS cases (Hornig et al., 2015). In a study of
FM, weather sensitivity, and pain, duration also seemed to matter; it
was concluded that FM patients with shorter duration of their illness
were more sensitive to weather (Fors and Sexton, 2002). However,
duration of illness did not affect the findings in the present material
(data not shown).

4.1. Weaknesses and strengths

The study only gives information on a limited population, that is,
female individuals aged 18–60 living in a homogenous area with well-
developed social and health services. For other groups (males, children
and adolescents, elderly, and somatically as well as psychiatrically very
ill people), the mechanisms revealed may not be important for fatigue
and pain. None of the patients were clinically depressed. In our study,
we also recorded symptoms of anxiety and depression by using the
HADS. Adjusting for these scores did not have any effect on hsCRP (data
not shown).

Presumed low activity levels for the patients and high activity levels
for the healthy controls could be a confounding factor influencing the

results (Fedewa et al., 2017). CFS patients reported the lowest activity
levels; FM patients’ activity levels were higher; and the healthy control
group reported the highest activity levels (data not shown). It is not
surprising that patients with CFS report higher levels of inactivity be-
cause this is part of the characteristics of the disorder. Still, over half of
the CFS patients were indeed active (data not shown), and we do not
believe that this is a contributing factor to the higher inflammatory
finding in our study. We also included BMI, thus controlling for the
indirect link between low activity levels and BMI.

The study population is rather homogenous regarding age, gender,
and socio-economical status and otherwise healthy and not on medi-
cations. This enables us to reveal differences independently of many
confounding factors. Also, the study is well powered with a rather large
clinical material. Patients were diagnosed according to the Fukuda and
Canada criteria (Carruthers et al., 2011; Fukuda et al., 1994) at a spe-
cialized multidisciplinary unit in a university hospital, in addition to
registering the new FM criteria (Wolfe et al., 2016; Wolfe and Hauser,
2011), making clinical diagnoses valid compared to what can be seen in
larger population-based studies.

5. Conclusions

CFS and FM patients have higher concentrations of hsCRP compared
to healthy controls. This remains significant after adjusting for age and
BMI. CFS and FM cannot be distinguished between each other on the
basis of hsCRP in our study.

Overall, our study gives an important contribution to the knowledge
on CFS and FM. There seems to be a biological inflammatory activity in
patients with CFS and FM that is not found in healthy controls of the
same age and gender. The inflammatory changes, whether they are
primary or secondary to other symptoms, may be perturbing symptoms.
Inflammation is a well-known cause of fatigue (Norheim et al., 2011)
and pain (Louati and Berenbaum, 2015; Sluka and Clauw, 2016) and
may be a target for attack by medications (Zhang et al., 2016) as well as
a marker for monitoring any treatment of these conditions. In ac-
cordance with the Centers for Disease Control and Prevention and the
American Heart Association recommendations of hsCRP and risk-factor

Fig. 1. Linear regression for BMI and lnCRP. Scatterplot showing the relationship between BMI and lnCRP for each of the diagnostic groups: CFS, ––– tight dashed line;
FM, – – – lose dashed line; and control group, — solid line.

N. Groven, et al. Brain, Behavior, and Immunity 81 (2019) 172–177

175



assessment (Pearson et al., 2003), the hsCRP levels in our patient
groups were mainly within the moderate-to-high-risk concentrations.
As such, this has clinical relevance beyond defining the cause of CFS
and FM.

Acknowledgements

We wish to thank the staff at the Multidisciplinary Pain Centre, St.
Olav’s University Hospital, Trondheim, Norway for recruitment of pa-
tients. We also wish to thank Ina Møller for blood sampling and lab
procedures and Turid Follestad for valuable statistical input.

Conflict of interest

All the authors declare no conflict of interest.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. The first
author has received a PhD grant from the Central Norway Region
Health Authority for carrying out the study.

References

Ablin, J.N., Zohar, A.H., Zaraya-Blum, R., Buskila, D., 2016. Distinctive personality
profiles of fibromyalgia and chronic fatigue syndrome patients. Peer J. 4, e2421.
https://doi.org/10.7717/peerj.2421.

Ataoglu, S., Ankarali, H., Samanci, R., Ozsahin, M., Admis, O., 2018. The relationship
between serum leptin level and disease activity and inflammatory markers in fi-
bromyalgia patients. North. Clin. Istanbul 5, 102–108. https://doi.org/10.14744/nci.
2017.31644.

Balbaloglu, O., Tanik, N., Alpayci, M., Ak, H., Karaahmet, E., Inan, L.E., 2018. Paresthesia
frequency in fibromyalgia and its effects on personality traits. Int. J. Rheum. Dis. 21,
1343–1349. https://doi.org/10.1111/1756-185x.13336.

Carruthers, B.M., van de Sande, M.I., De Meirleir, K.L., Klimas, N.G., Broderick, G.,
Mitchell, T., Staines, D., Powles, A.C., Speight, N., Vallings, R., Bateman, L.,
Baumgarten-Austrheim, B., Bell, D.S., Carlo-Stella, N., Chia, J., Darragh, A., Jo, D.,
Lewis, D., Light, A.R., Marshall-Gradisbik, S., Mena, I., Mikovits, J.A., Miwa, K.,
Murovska, M., Pall, M.L., Stevens, S., 2011. Myalgic encephalomyelitis: international
consensus criteria. J. Intern. Med. 270, 327–338. https://doi.org/10.1111/j.1365-
2796.2011.02428.x.

Chalder, T., Berelowitz, G., Pawlikowska, T., Watts, L., Wessely, S., Wright, D., Wallace,
E.P., 1993. Development of a fatigue scale. J. Psychosom. Res. 37, 147–153.

Clauw, D.J., 2010. Perspectives on fatigue from the study of chronic fatigue syndrome
and related conditions. PM R 2, 414–430. https://doi.org/10.1016/j.pmrj.2010.04.
010.

Cleeland, C.S., 1991. Pain assessment in cancer. In: Osoba, D. (Ed.), Effect of Cancer on
Quality of Life. CRC Press, Boca Raton, pp. 293–305.

Fedewa, M.V., Hathaway, E.D., Ward-Ritacco, C.L., 2017. Effect of exercise training on C
reactive protein: a systematic review and meta-analysis of randomised and non-
randomised controlled trials. Br. J. Sports Med. 51, 670–676. https://doi.org/10.
1136/bjsports-2016-095999.

Feinberg, T., Sambamoorthi, U., Lilly, C., Innes, K.K., 2017. Potential mediators between
fibromyalgia and C-Reactive protein: results from a large U.S. Community Survey.
BMC Musculoskelet. Disord. 18, 294. https://doi.org/10.1186/s12891-017-1641-y.

Fors, E.A., Sexton, H., 2002. Weather and the pain in fibromyalgia: are they related? Ann.
Rheum. Dis. 61, 247–250.

Fukuda, K., Straus, S.E., Hickie, I., Sharpe, M.C., Dobbins, J.G., Komaroff, A., 1994. The
chronic fatigue syndrome: a comprehensive approach to its definition and study.
International Chronic Fatigue Syndrome Study Group. Ann. Intern. Med. 121,
953–959.

Giloteaux, L., Goodrich, J.K., Walters, W.A., Levine, S.M., Ley, R.E., Hanson, M.R., 2016.
Reduced diversity and altered composition of the gut microbiome in individuals with
myalgic encephalomyelitis/chronic fatigue syndrome. Microbiome 4, 30. https://doi.
org/10.1186/s40168-016-0171-4.

Groeger, D., O'Mahony, L., Murphy, E.F., Bourke, J.F., Dinan, T.G., Kiely, B., Shanahan,
F., Quigley, E.M., 2013. Bifidobacterium infantis 35624 modulates host inflammatory
processes beyond the gut. Gut Microb. 4, 325–339. https://doi.org/10.4161/gmic.
25487.

Groven, N., Fors, E.A., Iversen, V.C., White, L.R., Reitan, S.K., 2018. Association between
cytokines and psychiatric symptoms in chronic fatigue syndrome and healthy con-
trols. Nord. J. Psychiatr. 72, 556–560. https://doi.org/10.1080/08039488.2018.
1493747.

Hornig, M., Montoya, J.G., Klimas, N.G., Levine, S., Felsenstein, D., Bateman, L., Peterson,
D.L., Gottschalk, C.G., Schultz, A.F., Che, X., Eddy, M.L., Komaroff, A.L., Lipkin, W.I.,
2015. Distinct plasma immune signatures in ME/CFS are present early in the course
of illness. Sci. Adv. 1. https://doi.org/10.1126/sciadv.1400121.

Kent, S., Bluthe, R.M., Kelley, K.W., Dantzer, R., 1992. Sickness behavior as a new target
for drug development. Trends Pharmacol. Sci. 13, 24–28.

Klepstad, P., Loge, J.H., Borchgrevink, P.C., Mendoza, T.R., Cleeland, C.S., Kaasa, S.,
2002. The Norwegian brief pain inventory questionnaire: translation and validation
in cancer pain patients. J. Pain Symptom Manage. 24, 517–525.

Lau, D.C., Dhillon, B., Yan, H., Szmitko, P.E., Verma, S., 2005. Adipokines: molecular
links between obesity and atherosclerosis. Am. J. Physiol. Heart Circ. Physiol. 288,
H2031–2041. https://doi.org/10.1152/ajpheart.01058.2004.

Louati, K., Berenbaum, F., 2015. Fatigue in chronic inflammation – a link to pain path-
ways. Arthritis Res. Ther. 17, 254. https://doi.org/10.1186/s13075-015-0784-1.

Lyall, M., Peakman, M., Wessely, S., 2003. A systematic review and critical evaluation of
the immunology of chronic fatigue syndrome. J. Psychosom. Res. 55, 79–90.

Metyas, S.K., Solyman, J.S., Arkfeld, D.G., 2015. Inflammatory fibromyalgia: is it real?
Curr. Rheumatol. Rev. 11, 15–17. https://doi.org/10.2174/
1573397111666150522095004.

Nguyen, C.B., Kumar, S., Zucknick, M., Kristensen, V.N., Gjerstad, J., Nilsen, H., Wyller,
V.B., 2018. Associations between clinical symptoms, plasma norepinephrine and
deregulated immune gene networks in subgroups of adolescent with chronic fatigue
syndrome. Brain Behav. Immun. https://doi.org/10.1016/j.bbi.2018.11.008.

Norheim, K.B., Jonsson, G., Omdal, R., 2011. Biological mechanisms of chronic fatigue.
Rheumatology (Oxford) 50, 1009–1018. https://doi.org/10.1093/rheumatology/
keq454.

Patarca-Montero, R., Antoni, M., Fletcher, M.A., Klimas, N.G., 2001. Cytokine and other
immunologic markers in chronic fatigue syndrome and their relation to neu-
ropsychological factors. Appl. Neuropsychol. 8, 51–64.

Patarca, R., 2001. Cytokines and chronic fatigue syndrome. Ann. N. Y. Acad. Sci. 933,
185–200.

Pearson, T.A., Mensah, G.A., Alexander, R.W., Anderson, J.L., Cannon 3rd, R.O., Criqui,
M., Fadl, Y.Y., Fortmann, S.P., Hong, Y., Myers, G.L., Rifai, N., Smith Jr., S.C.,
Taubert, K., Tracy, R.P., Vinicor, F., 2003. Markers of inflammation and cardiovas-
cular disease: application to clinical and public health practice: a statement for
healthcare professionals from the Centers for Disease Control and Prevention and the
American Heart Association. Circulation 107, 499–511.

Poledne, R., Lorenzova, A., Stavek, P., Valenta, Z., Hubacek, J., Suchanek, P., Pitha, J.,
2009. Proinflammatory status, genetics and atherosclerosis. Physiol. Res. 58 (Suppl
2), S111–118.

Raison, C.L., Lin, J.M., Reeves, W.C., 2009. Association of peripheral inflammatory
markers with chronic fatigue in a population-based sample. Brain Behav. Immun. 23,
327–337. https://doi.org/10.1016/j.bbi.2008.11.005.

Rasouli, O., Gotaas, M.O.E., Stensdotter, A.-K., Skovlund, E., Landrø, N.I., Dåstøl, P., Fors,
E.A., 2019. Neuropsychological dysfunction in chronic fatigue syndrome and the
relation between objective and subjective findings. Neuropsychology.

Rasouli, O., Vasseljen, O., Fors, E.A., Loras, H.W., Stensdotter, A.K., 2018. Lower reg-
ulatory frequency for postural control in patients with fibromyalgia and chronic fa-
tigue syndrome. PLoS One 13, e0195111. https://doi.org/10.1371/journal.pone.
0195111.

Russell, A., Hepgul, N., Nikkheslat, N., Borsini, A., Zajkowska, Z., Moll, N., Forton, D.,
Agarwal, K., Chalder, T., Mondelli, V., Hotopf, M., Cleare, A., Murphy, G., Foster, G.,
Wong, T., Schutze, G.A., Schwarz, M.J., Harrison, N., Zunszain, P.A., Pariante, C.M.,
2018. Persistent fatigue induced by interferon-alpha: a novel, inflammation-based,
proxy model of chronic fatigue syndrome. Psychoneuroendocrinology. https://doi.
org/10.1016/j.psyneuen.2018.11.032.

Sanada, K., Diez, M.A., Valero, M.S., Perez-Yus, M.C., Demarzo, M.M., Garcia-Toro, M.,
Garcia-Campayo, J., 2015. Effects of non-pharmacological interventions on in-
flammatory biomarker expression in patients with fibromyalgia: a systematic review.
Arthritis Res. Ther. 17, 272. https://doi.org/10.1186/s13075-015-0789-9.

Schmaling, K.B., Betterton, K.L., 2016. Neurocognitive complaints and functional status
among patients with chronic fatigue syndrome and fibromyalgia. Qual. Life Res. 25,
1257–1263. https://doi.org/10.1007/s11136-015-1160-y.

Sirois, F.M., Molnar, D.S., 2014. Perfectionism and maladaptive coping styles in patients
with chronic fatigue syndrome, irritable bowel syndrome and fibromyalgia/arthritis
and in healthy controls. Psychother. Psychosom. 83, 384–385. https://doi.org/10.
1159/000365174.

Sluka, K.A., Clauw, D.J., 2016. Neurobiology of fibromyalgia and chronic widespread
pain. Neuroscience 338, 114–129. https://doi.org/10.1016/j.neuroscience.2016.06.
006.

Sommer, C., Kress, M., 2004. Recent findings on how proinflammatory cytokines cause
pain: peripheral mechanisms in inflammatory and neuropathic hyperalgesia.
Neurosci. Lett. 361, 184–187. https://doi.org/10.1016/j.neulet.2003.12.007.

Sotzny, F., Blanco, J., Capelli, E., Castro-Marrero, J., Steiner, S., Murovska, M.,
Scheibenbogen, C., 2018. Myalgic encephalomyelitis/chronic fatigue syndrome –
evidence for an autoimmune disease. Autoimmun. Rev. 17, 601–609. https://doi.
org/10.1016/j.autrev.2018.01.009.

Wolfe, F., Clauw, D.J., Fitzcharles, M.A., Goldenberg, D.L., Hauser, W., Katz, R.L., Mease,
P.J., Russell, A.S., Russell, I.J., Walitt, B., 2016. 2016 Revisions to the 2010/2011
fibromyalgia diagnostic criteria. Semin. Arthritis Rheum. 46, 319–329. https://doi.
org/10.1016/j.semarthrit.2016.08.012.

Wolfe, F., Hauser, W., 2011. Fibromyalgia diagnosis and diagnostic criteria. Ann. Med.
43, 495–502. https://doi.org/10.3109/07853890.2011.595734.

Wolfe, F., Smythe, H.A., Yunus, M.B., Bennett, R.M., Bombardier, C., Goldenberg, D.L.,
Tugwell, P., Campbell, S.M., Abeles, M., Clark, P., et al., 1990. The American College
of Rheumatology 1990 criteria for the classification of fibromyalgia. Report of the
multicenter criteria committee. Arthritis Rheum. 33, 160–172.

Wyller, V.B., Nguyen, C.B., Ludviksen, J.A., Mollnes, T.E., 2017. Transforming growth
factor beta (TGF-beta) in adolescent chronic fatigue syndrome. J. Transl. Med. 15,
245. https://doi.org/10.1186/s12967-017-1350-1.

N. Groven, et al. Brain, Behavior, and Immunity 81 (2019) 172–177

176

https://doi.org/10.7717/peerj.2421
https://doi.org/10.14744/nci.2017.31644
https://doi.org/10.14744/nci.2017.31644
https://doi.org/10.1111/1756-185x.13336
https://doi.org/10.1111/j.1365-2796.2011.02428.x
https://doi.org/10.1111/j.1365-2796.2011.02428.x
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0025
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0025
https://doi.org/10.1016/j.pmrj.2010.04.010
https://doi.org/10.1016/j.pmrj.2010.04.010
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0035
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0035
https://doi.org/10.1136/bjsports-2016-095999
https://doi.org/10.1136/bjsports-2016-095999
https://doi.org/10.1186/s12891-017-1641-y
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0050
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0050
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0055
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0055
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0055
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0055
https://doi.org/10.1186/s40168-016-0171-4
https://doi.org/10.1186/s40168-016-0171-4
https://doi.org/10.4161/gmic.25487
https://doi.org/10.4161/gmic.25487
https://doi.org/10.1080/08039488.2018.1493747
https://doi.org/10.1080/08039488.2018.1493747
https://doi.org/10.1126/sciadv.1400121
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0080
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0080
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0085
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0085
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0085
https://doi.org/10.1152/ajpheart.01058.2004
https://doi.org/10.1186/s13075-015-0784-1
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0100
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0100
https://doi.org/10.2174/1573397111666150522095004
https://doi.org/10.2174/1573397111666150522095004
https://doi.org/10.1016/j.bbi.2018.11.008
https://doi.org/10.1093/rheumatology/keq454
https://doi.org/10.1093/rheumatology/keq454
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0120
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0120
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0120
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0125
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0125
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0130
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0130
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0130
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0130
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0130
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0130
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0135
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0135
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0135
https://doi.org/10.1016/j.bbi.2008.11.005
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0145
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0145
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0145
https://doi.org/10.1371/journal.pone.0195111
https://doi.org/10.1371/journal.pone.0195111
https://doi.org/10.1016/j.psyneuen.2018.11.032
https://doi.org/10.1016/j.psyneuen.2018.11.032
https://doi.org/10.1186/s13075-015-0789-9
https://doi.org/10.1007/s11136-015-1160-y
https://doi.org/10.1159/000365174
https://doi.org/10.1159/000365174
https://doi.org/10.1016/j.neuroscience.2016.06.006
https://doi.org/10.1016/j.neuroscience.2016.06.006
https://doi.org/10.1016/j.neulet.2003.12.007
https://doi.org/10.1016/j.autrev.2018.01.009
https://doi.org/10.1016/j.autrev.2018.01.009
https://doi.org/10.1016/j.semarthrit.2016.08.012
https://doi.org/10.1016/j.semarthrit.2016.08.012
https://doi.org/10.3109/07853890.2011.595734
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0200
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0200
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0200
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0200
https://doi.org/10.1186/s12967-017-1350-1


Xiao, Y., Haynes, W.L., Michalek, J.E., Russell, I.J., 2013. Elevated serum high-sensitivity
C-reactive protein levels in fibromyalgia syndrome patients correlate with body mass
index, interleukin-6, interleukin-8, erythrocyte sedimentation rate. Rheumatol. Int.
33, 1259–1264. https://doi.org/10.1007/s00296-012-2538-6.

Zhang, H., Li, F., Li, W.W., Stary, C., Clark, J.D., Xu, S., Xiong, X., 2016. The

inflammasome as a target for pain therapy. Br. J. Anaesth. 117, 693–707. https://doi.
org/10.1093/bja/aew376.

Zigmond, A.S., Snaith, R.P., 1983. The hospital anxiety and depression scale. Acta
Psychiatr. Scand. 67, 361–370.

N. Groven, et al. Brain, Behavior, and Immunity 81 (2019) 172–177

177

https://doi.org/10.1007/s00296-012-2538-6
https://doi.org/10.1093/bja/aew376
https://doi.org/10.1093/bja/aew376
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0220
http://refhub.elsevier.com/S0889-1591(19)30208-9/h0220

	Patients with Fibromyalgia and Chronic Fatigue Syndrome show increased hsCRP compared to healthy controls
	Introduction
	Method
	Sample population
	Patient groups
	Healthy controls

	Procedure
	Study design and ethics
	Questionnaires
	Interview
	Blood sampling
	Statistical analysis

	Results
	Discussion
	Weaknesses and strengths

	Conclusions
	Acknowledgements
	mk:H1_18
	mk:H1_19
	Funding
	mk:H1_21
	References




