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ABSTRACT

Purpose: The reports regarding the status of the immune system in patients with chronic fatigue syn-
drome/myalgic encephalopathy (CFS/ME) have been inconclusive. We approached this question by
comparing a strictly defined group of CFS/ME outpatients to healthy control individuals, and thereafter
studied cytokines in subgroups with various psychiatric symptoms.

Materials and methods: Twenty patients diagnosed with CFS/ME according to the Fukuda criteria
and 20 age- and sex-matched healthy controls were enrolled in the study. Plasma was analysed by
ELISA for levels of the cytokines TNF-o, IL-4, IL-6 and IL-10. Participants also answered questionnaires
regarding health in general, and psychiatric symptoms in detail.

Results: Increased plasma levels of TNF-a in CFS/ME patients almost reached significance compared to
healthy controls (p=.056). When studying the CFS/ME and control groups separately, there was a sig-
nificant correlation between TNF-o and The Hospital Anxiety and Depression Scale (HADS) depressive
symptoms in controls only, not in the CFS/ME group. A correlation between IL-10 and psychoticism
was found in both groups, whereas the correlation for somatisation was seen only in the CFS/ME
group. When looking at the total population, there was a significant correlation between TNF-o and
both the HADS depressive symptoms and the SCL-90-R cluster somatisation. Also, there was a signifi-
cant association between IL-10 and the SCL-90-R cluster somatisation when analyzing the cohort
(patients and controls together).

Conclusions: These findings indicate that immune activity in CFS/ME patients deviates from that of
healthy controls, which implies potential pathogenic mechanisms and possible therapeutic approaches
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to CFS/ME. More comprehensive studies should be carried out on defined CFS/ME subgroups.

Introduction

There is a lack of consensus in defining a homogenous patient
group suffering from chronic fatigue syndrome/myalgic enceph-
alopathy (consistently referred to CFS/ME in this article) [1]. The
etiology is not understood and there is no consensus on treat-
ment. CFS/ME affects 0.4-2.4% of young people, depending on
whether ‘chronic’ is referred to 3 or 6 months, respectively [2],
with substantial social and economic consequences for the indi-
vidual as well as society. The prevalence of CFS/ME according
to the Fukuda criteria [3] is estimated to be around 1%
(0.1-6.4%) of the general population [1,4] with a majority of
women affected (78%) [5]. Various pathogenic mechanisms
have been proposed earlier [6].

Several groups have reported elevated plasma levels of
proinflammatory cytokines such as IL-1, IL-6 and TNF-a as
well as neopterin in patients with CFS/ME [7,8]. Attenuation

of Th1 and Th17 and an increase in Th2 cytokines in CFS/ME
[9] have been reported. One study has suggested that a shift
towards Th2 responses seemed to be linked to a poorer psy-
chiatric status in these patients [10]. ter Wolbeek et al. [11]
showed that different scores of fatigue over time of adoles-
cent girls were inversely correlated with the levels of IL-6
and TNF-a. Buchwald et al. [12] found that a febrile CFS/ME
subgroup had elevated levels of IL-6. Pain is a common com-
plaint and is an important factor in the Fukuda diagnostic
criteria for CFS/ME [3]. Cytokines such as IL-6 are associated
with peripheral pain sensory neurons [13], and TNF-a is sug-
gested to play a role in central sensitisation of pain [14].
Others have published negative studies on cytokines in CFS
[15]. This deviating picture may reflect that different sub-
groups of CFS/ME patients have been investigated.

Overall, there is considerable evidence that abnormalities
of the immune system are involved in the pathogenesis of
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CFS/ME [16], a finding that might be employed for treatment
once more systematic knowledge of the condition has been
established. The association between inflammation and
depression has been well established [17,18]. Although ser-
ious psychiatric morbidity is excluded in CFS/ME, there are
reports of subclinical depression and immune system
involvement in this patient group [19]. The objective of this
study was to look for deviations of the immune system/cyto-
kines related to subclinical psychiatric symptoms in CFS/ME.

Our aim was to study cytokine levels in a strictly defined
female patient group aged 18-42 years, fulfilling the Fukuda
diagnostic criteria for CFS/ME [3]. The levels of cytokines were
correlated with scores in validated psychometric tests includ-
ing psychiatric symptoms. Immune activity was assessed
through the measurement of well-known cytokines represent-
ing both the Th1 and the Th2 arms of the immune system.

Materials and methods
Sample

Patients
The study population was part of a larger study where all
general practitioners in central Norway (population 750,000)
were encouraged to refer adult patients aged 18-60 years
with fatigue of unknown etiology to the Multidisciplinary
Pain Center at St. Olav's Hospital, Norway, for evaluation and
treatment according to ordinary hospital routine. Participants
were carefully evaluated by senior medical doctors, physio-
therapists and psychologists according to the Fukuda criteria
for CFS/ME [3]. They were obliged to have clinically eval-
uated, unexplained, persistent, or relapsing fatigue lasting
more than 6 months. Pregnant patients and patients meet-
ing the ACR criteria for fibromyalgia [20] were excluded.

Of the first 22 CFS/ME patients consecutively asked, 20
accepted (all female, aged 18-42 years), and were included
in this study.

Healthy control individuals

Healthy controls were recruited by oral request and information
to female students and staff aged 18-40 years at the Norwegian
University of Science and Technology (NTNU), and St. Olav’s
Hospital. Exclusion criteria were pregnancy and any known dis-
eases. For this study, 20 were recruited, all aged 20-40 years.

Study design and procedure

This is a small, non-randomized observational study (N = 40).

Questionnaires were sent by mail to all participants in the
patient group. Patients completed questionnaires upon
being diagnosed 0-8 weeks prior to the withdrawal of
plasma. For the control group, questionnaires were com-
pleted and handed to the researcher the same day as blood
was sampled. Data were collected during the period
February 2011 to April 2011. No restrictions were given prior
to the blood sampling.

Ethics
The study was part of a larger project (REK 4.2008.2586,
Clinical trials identity number: NCT00920777) and was

approved by the local Regional Committee for Medical and
Health Research Ethics for including the control group (REK
2011/759). All participants provided written, informed consent.

Measurements

Questionnaires

The Hospital Anxiety and Depression Scale (HADS). HADS
is a validated, self-complete scale [21,22] for monitoring depres-
sive and anxiety symptomes. It is subdivided into HADS depres-
sion and HADS anxiety. The scores in both subdivisions range
from 0 to 21 with high scores being suggestive of more symp-
toms. The total potential HADS score thus ranges from 0 to 42.
In this study, we used HADS as a continuous variable.

The Chalder Fatigue Scale. The Chalder Fatigue Scale
[23,24] consists of 11 items measuring fatigue. The total sum
of each of the 11 items, scored on a 0-3 Likert scale and
ranging from 0 to 33, was applied as a continuous variable;
higher scores imply more severe fatigue.

Numeric Rating Scale (NRS). A NRS was used to evaluate
the subjective feeling of experienced pain on average for the
last week, and was taken from the Brief Pain Inventory
[25,26]. NRS is a Likert scale ranging from 0 (‘no pain’) to 10
(‘'maximal possible pain,’ i.e. a continuous variable).

The Symptom Checklist-90-Revised (SCL-90-R). SCL-90-R
[27] is a 90-item, self-rating instrument for assessing psycho-
pathology during the last week. It constitutes nine primary
psychiatric symptom dimensions and three summary scores
termed global scores. Each item is rated on a 5-point Likert
scale ranging from 0 to 4.

Cytokines

Laboratory assays. Blood samples for cytokine analysis were
collected in EDTA tubes. Blood samples were immediately
placed in ice-water and centrifuged within 30 min (15009,
10 min, 4°C). Plasma was aliquoted into cryogenic vials and
frozen at —80°C until assayed.

ELISA kits from R&D Systems® were used to analyse
plasma for IL-4 (Quantikine® HS, catalog number HS400;
detection limit, 0.11 pg/mL; standardized for serum, but often
used for plasma); IL-6 (Quantikine® HS, catalog number
HS600B; detection limit, 0.039 pg/mL); TNF-o. (Quantikine®
HS, catalog number HSTAOOD; detection limit, 0.106 pg/mL);
and IFN-y (Quantikine® HS, catalog number DIF50; detection
limit, <8.0 pg/mL). In this study, plasma IFN-y levels except
for two individuals were below the detection limit for the
ELISA. For IL-10, the ELISA kit from Invitrogen Corporation
(catalog number KHCO101; detection limit, <1pg/mL) was
used. One of the plasma samples from a control had to be
excluded for IL-10. The samples were run and analysed



Table 1. Differences in psychometric evaluation between the two groups.

CFS/ Control
ME (n = 20) (n=20)
Parameter p Value
Mean SD Mean SD

HADS total 1165 6.48 385 201  .000**
HADS-A 580 3.81 3.20 1.94 .026*
HADS-D 585 432 065 099  .000%*
SCL-90-R somatisation 141 065 025 037  .000**
SCL-90-R obsessive—compulsive 134 047 036 025  .000**
SCL-90-R interpersonal sensitivity 046  0.50 012 0.3 .010*
SCL-90-R depression 1.01 045 022 027  .000%*
SCL-90-R anxiety 043 0.46 0.14  0.19 .016*
SCL-90-R hostility 037 034 009 013  .012%
SCL-90-R phobic anxiety 0.14 0.25 0.07 014 627
SCL-90-R paranoid ideation 020 032 0.08 0.11 444
SCL-90-R psychoticism 0.14 0.5 0.04 0.06 012*
SCL-90-R additional items 1.07 058 025 025  .000%*
SCL-90-R GSI 0.72 0.29 0.17  0.16 .000**
Fatigue score 2545 510 1090 371  .000**
NRS pain 432 1.60 1.00 1.17 .000**

Note. Mann-Whitney U tests. Fatigue score: Chalder Fatigue Scale; GSI: Global
Severity Index; HADS: Hospital Anxiety and Depression Scale; NRS: Numeric
Rating Scale; SCL-90-R: Symptom Checklist-90-Revised.

*p < .05; **p <.001.

Table 2. Differences in cytokines between the two groups.
CFS/ME (n=20) Control (n=20)

Parameter p Value
Median Range Median Range

IL-4 0.04 0.05 0.04 0.08 .583

IL-6 0.69 12.68 0.65 1.66 314

IL-10 0.93 1.27 1.05 4.78 194

TNF-o 141 5.19 1.08 3.05 .056

Note. Mann-Whitney U tests. Cytokine concentrations are expressed in pg/mL.
For IL-10 in the control group: n=19.

according to the manufacturers’ instructions. The Thermo
Labsystem, Inc. Multiskan spectrophotometric microplate
reader was used for optical reading. All samples were ana-
lysed within 6 months of collection.

Statistical analysis

IBM SPSS Statistics Version 21 was used to run all statistical
tests. All variables were tested for normality, using the
Kolmogorov-Smirnov test. Non-parametric tests were chosen
because the samples were not normally distributed. For
between-group comparisons, the Mann-Whitney U test was
applied. Spearman’s rho (p) was used to test the correlations.
The levels of p <.05 were considered significant.

Results

A total of 20 consecutively asked eligible female CFS/ME
patients and 20 healthy female controls were included. There
were no differences in mean age between CFS/ME [29.0 (SD,
8.7)] and control [28.5 (SD, 5.5)] (x*=22.5, df=21, p=.369)
individuals. In psychometric evaluation, the CFS/ME group had
significantly more of all symptom clusters except paranoid
ideation and phobic anxiety (Table 1). Also for fatigue (Chalder
Fatigue Scale) and pain (NRS), the CFS/ME group scored signifi-
cantly higher than the control group.

For both CFS/ME patients and controls, we found a signifi-
cant correlation between different psychometric measures.
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Table 3. Spearman’s p correlations between cytokines and fatigue, pain
and HADS.

Group Parameter Fatigue score NRS pain HADS total HADS-A HADS-D
Total sample IL-4 .09 .07 .04 —.01 11
IL-6 .07 14 —-.10 —-.07 —.08
IL-10 —.09 —.06 —.20 -12 =22
TNF-o 21 .26 36* 12 A6™*
Control IL-4 34 —.01 27 .06 35
IL-6 -.25 —.18 —.14 -.02 -33
IL-10 .01 24 0.00 1 —.04
TNF-o -.19 .05 37 a7 .58%
CFS/ME IL-4 -22 —.01 —31 -17 —-26
IL-6 12 .20 -39 —-27 —-.28
IL-10 .20 .30 -.29 -19 —-19
TNF-o a7 .05 —.01 —.18 .23

Note. Spearman’s p are given. Cytokine concentrations are expressed in pg/
mL. Fatigue score: Chalder Fatigue Scale; NRS: Numeric Rating Scale; HADS:
Hospital Anxiety and Depression Scale; HADS-A: HADS anxiety; HADS-D:
HADS depression.

“p < 05 ** p < 01.

There were also correlations between several cytokines (data
not shown).

At a 0.05 a level, there were no significant differences in
cytokine levels between the CFS/ME group and the control
group (Table 2). However, TNF-a showed a trend towards an
increase in the CFS/ME group (p =.056).

Correlations between cytokines and symptoms (psychiatric
symptoms, pain and fatigue) in the whole population group
(N =40) revealed significant correlations between TNF-o. and
HADS total score as well as HADS depression (p=.021 and
p =.003, respectively) (Table 3). TNF-o also correlated with
the SCL-90-R symptom cluster somatisation (p=.32,
p =.044). IL-10 correlated with the SCL-90-R cluster psychoti-
cism (p=.35, p=.032).

Analysing the patient and control groups separately
showed a correlation between TNF-oo and HADS depression
only for the control group (p =.007), whereas it could not be
seen for HADS total score. There were no significant correla-
tions between cytokines and HADS parameters in the CFS/
ME group (Table 3).

The SCL-90-R psychoticism cluster correlated significantly
with IL-10 in both the control group (p=.52, p=.023) and
the CFS/ME group (p=.47, p=.045). IL-10 also correlated
with somatisation in the CFS/ME group (p = .46, p =.047).

Discussion

The patients with CFS/ME showed a trend towards increased
plasma levels of TNF-o compared to healthy controls. The
patients with CFS/ME also showed significantly higher scores
on the Chalder Fatigue Scale, NRS pain and psychometric
tests HADS and SCL-90 than sex- and age-matched controls.
For the total population and for healthy controls, there was
an association between TNF-a and HADS-scores; this was not
seen in the CFS/ME group. An association between IL-10 and
psychoticism was found in both groups, whereas a correl-
ation for somatisation was seen only in the CFS/ME group.
As we were comparing a healthy group with a group of
patients, the findings of increased scores on pain, fatigue
and psychiatric symptoms is expected. Pain and fatigue are
included in CFS/ME diagnoses. Though CFS/ME diagnoses
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were set according to the Fukuda criteria excluding severe
psychiatric morbidity, experienced subjective symptoms are
possible. Sub-clinical depression [19,28] as well as phobia
and panic [5] have been reported in CFS/ME.

When comparing the levels of cytokines between the two
groups (CFS/ME and control), there was a trend to a higher
level of TNF-a in the CFS/ME group (p =.056). This finding is
in accordance with the reports from other groups [7,29].
There are also negative reports [15,30]. Different studies have
employed slightly different study populations and other cri-
teria for inclusion, which may explain this variation. Our
results infer an immune deviation with increased levels of
TNF-a in certain subgroups of CFS/ME.

TNF-a is a potent proinflammatory cytokine with a pivotal
function in immune protection. However, it also causes gen-
eral symptoms of illness (often referred to as ‘sickness behav-
iour’) seen in various disorders, e.g. malaise, anorexia, pain,
fatigue and circulatory changes [31]. TNF-a also is involved
in the pathogenesis of several inflammatory disorders and
thus it is a useful target for therapy (e.g. anti-TNF mAbs in
inflammatory disorders like inflammatory bowel disease and
autoimmune arthritis). Increases in TNF-o. have been found in
depression, normalising upon recovery [17,32,33]. TNF-a thus
may represent a link between - or common etiological factor
behind - both psychiatric symptoms (e.g. depression) and
pain and fatigue in CFS/ME.

As the finding of inflammation in CFS/ME patients is devi-
ating in different reports, it is interesting to look at potential
subgroups of CFS/ME defined by certain psychiatric symp-
toms. TNF-o0 was positively correlated to HADS depression in
the total population and in the control group in line with
other reports on depression and TNF-a [34]. There was, how-
ever, no correlation in CFS/ME. Elevation of TNF-a in the
CFS/ME group thus may be related to an inflammatory con-
dition in CFS/ME. It seems that TNF-o in CFS/ME is so
strongly increased that an effect on level on TNF-a of
depression is masked. This increase in TNF-a independent of
depressive symptoms in CFS/ME should be further explored.

There also was a significant correlation between TNF-o
and somatisation for the sample (N=40), a finding that may
be explained by the known effects of TNF-o. on malaise and
general somatic condition. Although somatisation was seen
related to TNF-a in the whole cohort, this was not seen
when analysing the different groups. This disappearance of
significance when analysing different subgroups most likely
is due to the low number of participants, i.e. lack of power.

In the CFS/ME group, somatisation was positively correlated
to increased levels of IL-10. The explanation to this is not obvi-
ous and has not been reported before. As IL-10 is regarded as
a Th2 cytokine, the finding does not fit with the finding of
increased TNF-a (a Th1-cytokine). Though it may be speculated
that this could represent an adjustment by the immune sys-
tem to restore homeostasis as suggested by Bo et al. [35], the
finding should be replicated before further speculations.

IL-10 was also significantly increased in correlation to the
psychoticism cluster in SCL-90-R for the whole sample (N=39)
as well as for each subgroup. Interestingly, increased ex vivo IL-
10 production has been described in lymphocytes from patients

with schizophrenia [36]. IL-10 is characterised as a Th2 cytokine.
Several groups have reported that Th2 cytokines like IL-4 are
increased in patients with the psychotic disorder schizophrenia
[37-39]. It has been suggested that IL-10 is involved in the
development of schizophrenia in mouse models [40]. Our find-
ings of the Th2 cytokine IL-10 in relation to psychoticism inde-
pendent of CFS/ME is in line with this but the phenomenon
should be further studied before any conclusions are drawn.

An important limitation to our study is the sample size. We
do, however, think that the findings are interesting and intend
to continue exploring the field with a larger sample. Some bio-
chemical issues need to be mentioned. We have been study-
ing cytokines in plasma, not cerebrospinal fluid. This is,
however, established in the studies on immunopsychiatry and
the interaction between the peripheral immune system and
the brain is comprehensive [41]. We have tested only a limited
number of cytokines. The tested cytokines are believed to
cover both Th1 and Th2 arms. Future studies should include
more cytokines than the five we have tested for here, as well
as other markers such as kynurenine/quinolone and its metab-
olites to give a better picture of immune status.

Questionnaires and blood samples were not collected on
the same day for the patient group, whereas this was done for
the control group. Although health challenges in CFS/ME are
expected to be rather stable over days and weeks, similar con-
ditions in patient and control groups should be ensured in
future studies. Blood was drawn at different times during work-
ing hours 0800-1600. Participants were not given instructions
regarding fasting or exercise. Though no clear indications for
diurnal variation in cytokines are known, this should also be
improved in future studies. Information on medication and
substance use in the groups were unfortunately not recorded,
nor information on hereditary disease load. However, as a
group, the CFS/ME patients used very little medication. Also,
state of menstrual cycle was not recorded. Future studies
should take all such aspects into consideration.

The main strength in our study is the strict diagnostic crite-
ria excluding patients with other somatic or psychiatric sources
of symptoms (such as fibromyalgia and other rheumatic disor-
ders, major depression, psychosis, lupus erythematosus and
multiple sclerosis). We studied a homogenous group regarding
age and sex. Furthermore, inclusion of participants, sampling
and handling of blood and laboratory analyses were carried
out by a single researcher under supervision of experienced
personnel, securing standardised procedures.

By taking psychiatric parameters into consideration when
exploring immunological varieties in CFS/ME, more know-
ledge in the pathophysiology and therapeutic approaches
for this disorder might be achieved.
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