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There has been much interest in the role of the immune system in the pathophysiology of chronic fatigue
syndrome (CFS), as CFS may develop following an infection and cytokines are known to induce acute sick-
ness behaviour, with similar symptoms to CFS. Using the PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-analyses) guidelines, a search was conducted on PubMed, Web of
Science, Embase and PsycINFO, for CFS related-terms in combination with cytokine-related terms.
Cases had to meet established criteria for CFS and be compared with healthy controls. Papers retrieved
were assessed for both inclusionary criteria and quality. 38 papers met the inclusionary criteria. The qual-
ity of the studies varied. 77 serum or plasma cytokines were measured without immune stimulation.
Cases of CFS had significantly elevated concentrations of transforming growth factor-beta (TGF-b) in five
out of eight (63%) studies. No other cytokines were present in abnormal concentrations in the majority of
studies, although insufficient data were available for some cytokines. Following physical exercise there
were no differences in circulating cytokine levels between cases and controls and exercise made no dif-
ference to already elevated TGF-b concentrations. The finding of elevated TGF-b concentration, at biolog-
ically relevant levels, needs further exploration, but circulating cytokines do not seem to explain the core
characteristic of post-exertional fatigue.

� 2015 Published by Elsevier Inc.
1. Introduction

Chronic fatigue syndrome (CFS) is a chronic, disabling disorder
that affects 0.3–2.5% of the population, depending on the definition
used (Prins et al., 2006). The term CFS is usually thought to encom-
pass what is known as myalgic encephalomyelitis, although some
regard these as separate conditions. The diagnosis is made on clin-
ical grounds with alternative diagnoses excluded. Although CFS
was only first given a case definition in 1988 (Holmes et al.,
1988), there have been several similar syndromes described with
different names in the past (Acheson, 1959). Since 1988, there have
been a number of operationalised criteria (Brurberg et al., 2014).
One of the most commonly used definition is the 1994 Centers
for Disease Control (CDC) led definition (Fukuda et al., 1994)
revised in 2003 (Reeves et al., 2003), which requires six months
of disabling fatigue with four of eight possible accompanying
symptoms including: headaches, sleep disturbance,
post-exertional malaise, poor concentration, myalgia, joint pain,
sore throat and tender lymph nodes.
There are no established biomarkers in CFS, but there has been a
long-standing interest in the role of the immune system in CFS
pathogenesis and pathophysiology, and the role that cytokines
might play (Ur et al., 1992). This focus on the immune system
was borne out of several findings. Firstly, CFS may develop follow-
ing an infection (Hickie et al., 2006). Secondly, the role that cytoki-
nes play in acute sickness behaviour is well-described and some
symptoms are similar to those of CFS (Dantzer et al., 2008).
Finally, the interaction between neuroendocrine and immune sys-
tems is well documented (Glaser and Kiecolt-Glaser, 2005) and
there is evidence of hypothalamic-pituitary axis down-regulation
in CFS (Papadopoulos and Cleare, 2012).

Cytokines are protein mediators of the immune system pro-
duced by both leukocytes and non-immune cells. They coordinate
appropriate immune responses in infection and inflammation.
Abnormal and inappropriate production are seen in many diseases,
for example tumour necrosis factor-alpha (now known as TNF) in
rheumatoid arthritis (Chauffier et al., 2012) and transforming
growth factor (TGF)-b in systemic sclerosis (Lafyatis, 2014). In
addition, fatigue is a common disabling symptom in RA (Nikolaus
et al., 2013) and is the most common adverse effect of interferon
(IFN)-a treatment in hepatitis C (Hauser et al., 2014). Cytokines
can be classified dependent upon their role in the inflammatory
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response, pro-inflammatory or anti-inflammatory, or the subset of
cells that primarily produce the cytokine, for example Th1 or Th2
subset of T lymphocytes. Although, this classification may appear
to be overly simplistic, there are transcriptional regulators direct-
ing cells along these largely cytokine determined lineages
(Kanhere et al., 2012). The role of cytokines may therefore be in
the induction of the pathophysiology of chronic fatigue, via expan-
sion of specific cell subsets or its maintenance following immune
activation by an innocuous stimulus.

In addition, cytokines may serve as potential biomarkers that
may aid diagnosis, subtyping, monitoring and determining the
prognosis of CFS. In rheumatoid arthritis, several biomarkers,
including cytokines have been used to create a multi-biomarker
disease activity score, which has been shown to significantly corre-
late with disease activity (Centola et al., 2014). As CFS is a clinical
diagnosis, biomarkers could be used as objective markers of dis-
ease status.

There have been many studies that focus on the role cytokines
may play in CFS and a narrative review has been published
(Lorusso et al., 2009). This included comparisons of circulating
blood cytokines, assessing the ability of circulating lymphocytes
to produce cytokines and gene expression of cytokines. As many
of these papers have conflicting results, it is important to carry
out a systematic review to assess the available literature. A previ-
ous systematic review examined all immune aspects of CFS making
it difficult to answer specific questions (Lyall et al., 2003). Nijs et al.
(2014) systematically reviewed immune responses to exercise in
CFS, finding some evidence of an abnormal immune response,
but normal concentrations of cytokines. Here we focus on circulat-
ing cytokines and we seek to determine whether a
pro-inflammatory circulating cytokine profile exists in patients
with CFS in comparison to controls and how this cytokine profile
differs from controls following stimulation such as exercise.
2. Method

The PRISMA (the Preferred Reporting Items for Systematic
reviews and Meta-analyses) guidelines were used to carry out this
systematic review (Moher et al., 2009).

2.1. Search strategy

A search was conducted on three general databases (PubMed,
Web of Science and Embase) and one psychiatry specific database
(PsycINFO). CFS-related terms used were myalgic encephalomyeli-
tis, post-viral fatigue syndrome, chronic fatigue immune dysfunc-
tion syndrome, post-infectious fatigue syndrome, neurasthenia
and chronic mononucleosis. Cytokine-related terms included
chemokines, interleukin, interferon, tumour necrosis factor, trans-
forming growth factor. CFS-related terms were combined with
cytokine related terms by use of the Boolean ‘AND’. These terms
were chosen following discussion with a bibliometrist, a CFS spe-
cialist (PW) and immunologist (MB). A restriction was placed on
the date of publication from 01/01/1988, the year that the first
diagnostic criteria for CFS were published (Holmes et al., 1988),
until 31/3/2015. Only articles published in the English language
were retrieved.

2.2. Study selection and criteria for inclusion

The papers retrieved from the initial search of the four data-
bases were then checked for duplicates. The remaining papers
were assessed in three rounds: titles, abstracts and then full texts.
Titles were screened to include papers that firstly had any term
relating to CFS (as given in the search terms in initial search),
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secondly any term relating to the immune system, thirdly any ani-
mal studies were excluded, and finally, any papers that were des-
ignated as a review or meeting abstract were also excluded.
Abstracts were then screened to determine whether patients with
CFS were included in the study, whether controls could be identi-
fied and finally where cytokines may have been measured. Finally,
full texts were screened to ensure they met the inclusionary crite-
ria and no exclusions. The inclusionary criteria were CFS defined by
established operational criteria (as a measure of the quality of clin-
ical assessments), case-control comparisons, healthy controls,
human studies, serum/plasma cytokines and published in the
English language. Because we were interested in whether cytoki-
nes were involved in the pathophysiological explanations of symp-
toms, we only included studies of cytokines measured in vivo, and
excluded those that only measured cytokines following in vitro
immune stimulation. Any studies that duplicated previously pub-
lished data were excluded. The references of the included papers
and reviews were hand searched to identify any other papers that
might have been relevant to the systematic review.

2.3. Data extraction

Data extracted from each paper that met the inclusion criteria
included: the year study was published, the number of patients
and controls, proportions of males and females, the CFS definition
used, matching of controls, comorbidities excluded, drugs exclude-
d/included, smoking status, number and nature of the cytokines
measured, assays used, sample handling, and differences between
case and controls for each cytokine. The data were collated into an
Excel spreadsheet. Data extraction was done independently by two
authors, each masked to the other’s work. The results were com-
pared and any discrepancies were discussed and consensually
resolved. In the circumstance where differences could not be
resolved a third opinion would have been sought, but proved
unnecessary.

2.4. Assessment of quality

The Newcastle-Ottawa scale (NOS) (Wells et al.) of quality was
used to assess the quality of the studies included and to identify
biases within studies. The NOS uses a star system to assess
case-control (or cohort) studies on three broad perspectives: the
selection of the study groups, the comparability of the groups
and the ascertainment of outcome of interest (see Supplementary
item 1). The NOS manual was used to guide this process and a full
explanation is given in Appendix 1. Two authors assessed quality
independently, masked to each other’s work. A third author deter-
mined final scores when discrepancies were not resolved following
re-review of initial scores.

In order to interpret differences and draw conclusions we
decided a priori that a minimum of five studies was required to
draw a reasonable conclusion from the results. Cytokines were
classified by their main role in the inflammatory process: pro- ver-
sus anti-inflammatory.
3. Results

3.1. Search and study selection

The initial search retrieved 412 papers from PubMed, 607
papers from Embase, 666 papers from Web of Science and 63
papers from PsycINFO. Once duplicates were removed, papers
were subjected to the screening process to identify papers suitable
for the systematic review. Fig. 1 shows the number of papers
excluded at each round of screening and the reasons for their
nd circulating cytokines: A systematic review. Brain Behav. Immun. (2015),
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Fig. 1. Flow diagram of the flow of information through the stages of the systematic review.
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exclusion. 93 full texts were assessed for eligibility for inclusion. 58
papers were excluded. The reasons that the 58 papers failed to be
eligible are shown in Fig. 1. The most common reason for
non-inclusion was the lack of patients with CFS in the paper, which
included studies that failed to define their patients with CFS by
established diagnostic criteria. Hand searching through both the
papers included and reviews did not reveal any additional studies.
However, authors’ knowledge of other studies involving cytokine
measurement in CFS provided an additional three studies (Garcia
et al., 2014; Hornig et al., 2015; Nakatomi et al., 2014).

3.2. Study characteristics

There were a total of 38 papers that fulfilled our inclusionary
criteria and did not meet the exclusionary criteria (Table 1 and
Supplementary item 2). These were published between 1989 and
2015. The number of cases ranged from 9 to 298 cases, using a
range of case definitions. Fifteen studies explicitly stated that psy-
chiatric disorders were excluded (for full details, Supplementary
Fig. 5). In spite of using the CDC 1994 definition (Fukuda et al.,
1994), 10 studies did not explicitly state that they excluded a
comorbid psychiatric disorder. In 12 studies there was no match-
ing of controls to cases (Buchwald et al., 1997; Garcia et al.,
2014; Khaiboullina et al., 2014; Linde et al., 1992; Maes et al.,
2013, 2012; Neu et al., 2014; Patarca et al., 1994; Smylie et al.,
2013; Spence et al., 2008; White et al., 2010; Wyller et al., 2015).
The factors that were matched including age, activity level, gender,
body mass index, ethnicity, neighbourhood and menstrual cycle
stage. Table 1 gives a summary of the results of the studies
included.

3.3. Quality assessment

There was a range of quality scores ranging from two to nine
out of a maximum score of ten. In terms of selection, all 38 studies
used a case definition of CFS, as this was an inclusionary criterion.
However, only 17 studies explained how the diagnosis was con-
firmed (Table 2). Only 11 studies were considered to adequately
represent the CFS population and be free from selection bias.
Reasons for failure to represent the CFS population included all
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female cohorts (Broderick et al., 2012; Fletcher et al., 2009;
Nakamura et al., 2013; Scully et al., 2010) all male cohorts (Lloyd
et al., 1994), adolescent/children cohorts (Wyller et al., 2015) or
cohorts where there were more males than females (Jammes
et al., 2009; Smylie et al., 2013). There was a selection bias when
patients were only recruited from one source (Bennett et al.,
1997; Buchwald et al., 1997; Cannon et al., 1999; Maes et al.,
2013, 2012; Nakatomi et al., 2014; Nas et al., 2011; Peterson
et al., 1994). One of these studies required patients to fund their
own tests (Maes et al., 2012). Seven papers did not state how
patients were selected and therefore were unable to score posi-
tively for representation (Chao et al., 1991; Kennedy et al., 2004;
Neu et al., 2014; Nijs et al., 2009; Patarca et al., 1994; Straus
et al., 1989; White et al., 2010, 2004).

In terms of control selection, 15 studies recruited from the same
community as cases (Table 2). Three studies recruited controls
from the hospital setting, including outpatients (Jammes et al.,
2009; Nas et al., 2011; Smylie et al., 2013). It was unclear whether
control communities were the same as case communities in five
studies (Bennett et al., 1997; Fletcher et al., 2009; Lloyd et al.,
1994; Maes et al., 2012; Patarca et al., 1994) and there was no
description of where controls were recruited from in 13 studies
(Cannon et al., 1999; Cheney et al., 1989; Kennedy et al., 2004;
Khaiboullina et al., 2014; Lattie et al., 2012; Linde et al., 1992;
Nakamura et al., 2010; Nakatomi et al., 2014; Neu et al., 2014;
Robinson et al., 2010; Scully et al., 2010; Straus et al., 1989;
White et al., 2010). The definition of controls was the most poorly
reported with only five studies explicitly stating that the controls
had never had a history of CFS. Few studies ensured that their case
and control populations were comparable. Only six studies con-
trolled for activity level (Table 2). 13 studies excluded psychiatric
illness that could affect cytokine levels, such as depression
(Supplementary item 2).

Studies scored well with regards to outcome measures of cyto-
kine concentrations. Only one study did not publish the exact con-
centrations of cytokines (Visser et al., 2001). Of the 38 studies only
two stated that they blinded their laboratory staff to the samples
when carrying out the assays (Hornig et al., 2015; MacDonald
et al., 1996). All of the studies used the same methods to measure
cytokines in both cases and controls. 22 papers scored for adequate
nd circulating cytokines: A systematic review. Brain Behav. Immun. (2015),
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Table 1
Study characteristics of the studies included.

Cases Controls Study serum/plasma cytokine results

Number CFS
definition

Number Matching Higher in CFS
subjects

Lower in CFS subjects No significant difference

Khaiboullina et al.
(2014)

67 CDC 1994
or
Carruthers

42 Not mentioned CCL1, CCL2,
CCL20, CCL3,
CXCL10, IFNc,
IL-1, IL-10, IL-
13, IL-1b, IL-
25, IL-31, IL-4,
IL-6, IL-7, IL12
(p75), TNF

CCL11, CCL17, CCL19,
CCL21, CCL25, CCL26,
CCL3, CCL4, CCL5, CCL8,
CSF1, CSF3, CX3CL1,
CXCL1, CXCL13, CXCL6,
CXCL8, HGF, IL-17F, IL-
5, IL-9, LIF, MIF, PDGF,
TRAIL, VEGF

CCL13, CCL22, CCL23, CCL24, CCL27, CCL7,
CXCL11, CXCL12a, CXCL12ab, CXCL13,
CXCL16, CXCL2, CXCL5, CXCL9, FGF, GM-
CSF, IFN-a, IL-12 (p40), IL-15, IL-16, IL-
17A, IL-18, IL-1RA, IL-1a, IL-1b, IL-2, IL-21,
IL-22, IL-23, IL-3, IL-33, IL-6, IL-2RA, LIF,
sCD40L, SCF, SCGF-b, TNF-b⁄, b-NGF

Wyller et al. (2015) 87 CDC 1994 68 No IL-1b, IL-1RA, IL-2, IL-4, IL-5, IL-6, IL-7. IL-
8, IL-9, IL-10, IL-12, IL-13, IL-17, IFN-c,
CCL2, CCL3, CCL4, CCL5, CXCL10, PDGF-BB,
VEGF, FGF, TNF

Hornig et al. (2015) 298 CDC 1994
or
Carruthers

348 Age, gender,
geography,
ethnicity,
season of
sampling,

Leptin Il-6, IL-8, IL-10, LT-a, IL-
17A, sFasL, CXCL10,
MCSF,

TGF-b, IL-1b, IL-1a, TNF, IFN-a, IL-2, IL-12,
IFN-c, IL-4, IL-13, IL-5, IL-15, IL-7, IL-13,
IL-9, GMCSF, LIF, CD40L, TRAIL, CCL2,
CCL3, CCL4, CCL5, CCL7, CCL11, CXCL1,
CXCL5, CXCL9, PDGF-BB, VEGFA, sICAM-1,
VCAM-1, TGF-a, FGFb, bNGF, HGF, SCF,
GCSF,

Neu et al. (2014) 16 CDC 1994 14 Not mentioned IL-1b, TNF, IL-
8, IL-10

IL-6, IFNc

Nakatomi et al. (2014) 9 CDC 1994
and
Carruthers

10 Age, gender IL-1b, IL-6, TNF, IFN-c

Garcia et al. (2014) 28 CDC 1994 96 No IL-6, IL-2, IL-
12, IFN-c,
GMCSF,
CXCL10

IL-1b, IL-1a, IL-6, TNF, IL-8, IL-10, IFN-a,
IL-4, LT-a, IL-5, IL-7, CCL2, CCL3, CCL4,

Nakamura et al. (2013) 26 F CDC 1994 24 F Sex IL-1b, IL-6, TNF, IL-8, IL-10,IL-4
Maes et al. (2013) 115 CDC 1994 35 No IL-1b, IL-1a,

IFN-a
Lattie et al. (2012) 117 CDC 1994 95 Age, gender IL-1b, IL-6 TNF, IL-10, IL-2
Smylie et al. (2013) 22 CDC 1994 30 Sedentary

controls
Males: IL-2, IL-
23

Females: IL-1b, IL-1a, IL-6, TNF, IL-8, IL-10,
IL-2, IL-12, IFN-c, IL-4, IL-13, TNF-b, IL-5,
IL-23, IL-17, IL-15
Males: IL-1b, IL-1a, IL-6, TNF, IL-8, IL-10,
IL-12, IFN-c, IL-4, IL-13, TNF-b⁄, IL-5, IL-17,
IL-15

Broderick et al. (2012) 9 F Reeves
et al. and
Jason et al.

12F Age tanner
stage

IL-8 IL-23 IL-1b, IL-1a, IL-6, TNF, IL-10, IFN-a, IL-2,
IL-12, IFN-c, IL-4, IL-13, TNF-b⁄, IL-5, IL-17,
IL-15

Maes et al. (2012) 107 CDC 1994 20 No IL-1b, TNF
Nas et al. (2011) 25 CDC 1994 20 Age, gender IL-6 IL-8
White et al. (2010) 19 CDC 1994 17 No IL-1b, IL-6, TNF, IL-8, IL-10, IL-2, IL-12,

IFN-c, IL-4, IL-13
Nakamura et al. (2010) 20 F CDC 1994 19 F Age, BMI,

gender
IL-1b, IL-6, TNF, IL-8, IL-10, IL-4

Nijs et al. (2009) 22 F CDC 1994 22F Gender,
sedentary
controls

IL-1b (not detected)

Robinson et al. (2010) 33 CDC 1994 33 Age, BMI,
gender,
sedentary
controls

IL-6

Scully et al. (2010) 35 F CDC 1994 54F Age, gender IL-1b, IL-6, IL-8 TNF, IL-10, IFN-c, IL-12p70, IL-13
Fletcher et al. (2009) 40 F 59F gender IL-1b, IL-1a,

IL-6, IL-12, IL-
4, IL-5,

IL-8, TNF-b⁄, IL-15 TNF, IL-10, IL-2, IFN-c, IL-13, IL-23, IL-17

Jammes et al. (2009) 18 CDC 1994 9 Age, gender,
weight,
ethnicity,
sedentary
controls

IL-6, TNF

Nater et al. (2008) 28 CDC 1994 39 Age, BMI,
gender,
ethnicity

Il-6

Spence et al. (2008) 41 CDC 1994 30 No IL-1b, TNF
Vollmer-Conna et al.

(2007)
22 CDC 1994 42 Age IL-1b, IL-2, IL-6, IL-10, IL-12, TNF, IFN-c

(below detection limit)
Kennedy et al. (2004) 47 CDC 1994 34 Age, gender TGF-b
White et al. (2004) 9 CDC 1994 9 Age, gender,

exercise
TGF-b IL-a, TNF,
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Table 1 (continued)

Cases Controls Study serum/plasma cytokine results

Number CFS
definition

Number Matching Higher in CFS
subjects

Lower in CFS subjects No significant difference

Visser et al. (2001) 59 CDC 1994 56 Age, gender,
ethnicity

TNF, IL-10, IL-12 (not detectable), IFN-c

Cannon et al. (1999) 10 F CDC 1988 11F Age, gender,
activity

IL-6

Buchwald et al. (1997) 98 CDC and
CDC

19 No IL-6

Bennett et al. (1997) 93 CDC 1988 80 Age, gender TGF-b
MacDonald et al.

(1996)
47 CDC 1988 47 Age, gender,

neighbourhood
TGF-b, IL-1b, IL-6, TNF

Swanink et al. (1996) 76 Sharpe
1991

69 Age, gender,
neighbourhood

TGF-b, IL-1b, IL-1a, TNF

Peterson et al. (1994) 10 CDC 1988 10 Age TGF-b IL-1b (not detectable), IL-6 (not
detectable), TNF (not detectable)

Patarca et al. (1994) 70 CDC 1988 53 No TNF IL-1b, IL-1a, IL-6, IL-2, IL-4
Lloyd et al. (1994) 12 M Lloyd 13 M Age, weight,

height,
training status

IL-1b, TNF, IFN-a, IFN-c

Linde et al. (1992) 35 CDC 1988 20 No IL-1a, IL-1b, IL-6, IFN-c
Chao et al. (1991) 10 CDC 1988 10 Age, gender TGF-b IL-1b, IL-6, TNF, IL-2 (not detectable), IL-4

(not detectable)
Straus et al. (1989) 25 CDC 1988 25 Age, gender IL-1b, TNF, IFN-a, IL-2, IFN-c
Cheney et al. (1989) 104 CDC 1988 22 Age, gender IL-2

TNF-b is now known as lymphotoxin-a. bNGF (b-nerve growth factor), CC chemokines (CCL2, CCL3, CCL4, CCL5, CCL7, CC11), CXC chemokines (CXCL1, CXCL5, CXCL8, CXCL9,
CXCL10), G-CSF (granulocyte colony-stimulating factor), HGF (hepatocyte growth factor), M-CSF (macrophage colony-stimulating factor), PDGF-BB (platelet-derived growth
factor-BB), SCF (stem cell factor), sICAM-1 (soluble intercellular adhesion molecule–1), TRAIL (Tumour necrosis factor-related apoptosis-inducing ligand), VCAM-1 (vascular
cell adhesion molecule–1), VEGF (vascular endothelial growth factor), FGFb (fibroblast growth factor, basic).
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non-response rates. Failure to score this point was most commonly
due to not stating how many of the cases and controls that were
included in the study also had cytokine concentrations measured
(Bennett et al., 1997; Cannon et al., 1999; Jammes et al., 2009;
Kennedy et al., 2004; Lloyd et al., 1994; Nater et al., 2008;
Spence et al., 2008; Swanink et al., 1996; Visser et al., 2001) or dif-
ferences between the proportions of cases and controls who had
their cytokine levels measured (compared to the total number
included in the study) (Buchwald et al., 1997; Linde et al., 1992;
Patarca et al., 1994).
3.4. Cytokines assayed

The 38 studies measured between one and 77 serum or plasma
cytokines. With the exception of transforming growth factor-beta
(TGF-b), the large majority of the studies showed no statistically
significant differences between case and controls. At baseline, i.e.
at rest, 17 cytokines were measured in five or more studies
(Table 3). Of these cytokines, the pro-inflammatory cytokines
interleukin-1 beta (IL-1b), TNF and interleukin-6 (IL-6) were most
frequently measured, which is likely to reflect the hypothesis that
pro-inflammatory cytokines contribute to the symptoms of CFS.
There were no significant differences between cases and controls
in 75%, 71% and 80% of the studies measuring IL-1b, IL-6 and
TNF, respectively (Table 3).

The three pro-inflammatory cytokines IL-1b, TNF and IL-6 were
the only cytokines that were measured in more than five studies
after exercise (Table 4). For these three cytokines the majority of
the studies showed no significant difference between cases and
controls. Five out of eight (63%) studies measuring TGF-beta
showed significantly increased concentrations of TGF-b in cases
compared to controls (Table 5). These studies were published
between 1991 and 2015. Four used immuno-assays and four used
the HT-2 murine cell proliferation bio-assay. Of the three that did
Please cite this article in press as: Blundell, S., et al. Chronic fatigue syndrome a
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not show any difference in TGF-b levels, two used an
immune-assay and one used a bio-assay.

3.5. Sample handling

Timing of sampling and sample handling is important when
measuring plasma or serum cytokines, ensuring that samples are
taken at the same time of the day due to the diurnal variation of
cytokine levels. Once samples are taken, it is important that the
plasma or serum is separated as soon as possible, as in vitro cyto-
kine production may occur affecting results. Thirteen studies sta-
ted the time that samples were taken at the same time of day
with 10 ensuring samples were taken in the morning, one in the
evening and two studies stating only that the samples were taken
at the same time of the day (Table 6). Fourteen studies stated the
time from sample collection to the point of separation of serum
or plasma. Six studies separated serum/plasma immediately, two
studies within 30 min, five studies within 2 h and one study within
four hours (full details in Table 6). Two studies flash/snap froze
samples, which can considered the ideal method of sample han-
dling (Nakamura et al., 2010; White et al., 2010).
4. Discussion

In this article we have systematically summarised the available
data for circulating cytokine concentrations in CFS subjects in
comparison to healthy controls. We found little or no evidence to
support the hypothesis that pro-inflammatory circulating cytokines
are raised in CFS. The pro-inflammatory cytokines IL-1b, TNF and
IL-6 were most frequently studied and the results demonstrate that
they were not raised in subjects with CFS in comparison to controls
(range of proportions of negative studies between 71% and 100%),
either at rest or after exercise. In contrast, five out of eight studies
showed a significant elevation in circulating TGF-b at rest.
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Table 2
Quality assessment of included studies based upon NOS in Supplementary item 1.

Author Selection Comparability Exposure Total

1 2 3 4 1 2 1 2 3

MacDonald et al. (1996) ⁄ ⁄ ⁄ ⁄ – ⁄ ⁄⁄ ⁄ ⁄ 9
Nater et al. (2008) ⁄ ⁄ ⁄ ⁄ – ⁄ ⁄ ⁄ – 7
White et al. (2004) – ⁄ ⁄ – ⁄ ⁄ ⁄ ⁄ ⁄ 7
Hornig et al. (2015) ⁄ ⁄ ⁄ ⁄ – – ⁄ ⁄ ⁄ 7
Peterson et al. (1994) ⁄ – ⁄ – – ⁄ ⁄ ⁄ ⁄ 6
Maes et al. (2013) – – ⁄ ⁄ – ⁄ ⁄ ⁄ ⁄ 6
Broderick et al. (2012) ⁄ – ⁄ ⁄ – – ⁄ ⁄ ⁄ 6
Lattie et al. (2012) ⁄ ⁄ – – – – ⁄ ⁄ ⁄ 5
Nakamura et al. (2013) ⁄ – ⁄ – – – ⁄ ⁄ ⁄ 5
Maes et al. (2012) – – – ⁄ – ⁄ ⁄ ⁄ ⁄ 5
Nas et al. (2011) ⁄ – – – – ⁄ ⁄ ⁄ ⁄ 5
Nakamura et al. (2010) – ⁄ – – – ⁄ ⁄ ⁄ ⁄ 5
Vollmer-Conna et al. (2007) – ⁄ ⁄ – – – ⁄ ⁄ ⁄ 5
Chao et al. (1991) ⁄ – ⁄ – – – ⁄ ⁄ ⁄ 5
Khaiboullina et al. (2014) ⁄ ⁄ – – – – ⁄ – ⁄ 4
Wyller et al. (2015) ⁄ – ⁄ – – – ⁄ – ⁄ 4
Neu et al. (2014) ⁄ – – – – ⁄ ⁄ – ⁄ 4
Nakatomi et al. (2014) ⁄ – – – – ⁄ ⁄ – ⁄ 4
Spence et al. (2008) ⁄ – ⁄ – – – ⁄ ⁄ – 4
Smylie et al. (2013) – – – – ⁄ – ⁄ ⁄ ⁄ 4
Swanink et al. (1996) – ⁄ ⁄ – – – ⁄ ⁄ – 4
Nijs et al. (2009) – – ⁄ – ⁄ – ⁄ ⁄ – 4
Robinson et al. (2010) – ⁄ – – ⁄ – ⁄ ⁄ – 4
Fletcher et al. (2009) – – – – – ⁄ ⁄ ⁄ ⁄ 4
Jammes et al. (2009) ⁄ – – – ⁄ – ⁄ ⁄ – 4
Visser et al. (2001) – ⁄ ⁄ – – ⁄ – ⁄ – 4
Garcia et al. (2014) ⁄ – – – – – ⁄ – ⁄ 3
Cheney et al. (1989) – – – – – – ⁄ ⁄ ⁄ 3
Buchwald et al. (1997) ⁄ – – – – – ⁄ ⁄ – 3
White et al. (2010) – – – – – – ⁄ ⁄ ⁄ 3
Scully et al. (2010) – – – – – – ⁄ ⁄ ⁄ 3
Cannon et al. (1999) – – – – ⁄ – ⁄ ⁄ – 3
Straus et al. (1989) – – – – – – ⁄ ⁄ ⁄ 3
Lloyd et al. (1994) – – – – ⁄ – ⁄ ⁄ – 3
Kennedy et al. (2004) – – – – – – ⁄ ⁄ – 2
Bennett et al. (1997) – – – – – – ⁄ ⁄ – 2
Patarca et al. (1994) – – – – – – ⁄ ⁄ – 2
Linde et al. (1992) – – – – – – ⁄ ⁄ – 2

Table 3
Summary of study results for cytokines at baseline/resting.

Cytokine Higher in CFS
subjects

Lower in CFS
subjects

No
difference

N studies (%) N studies (%) N studies
(%)

Mixed pro/anti TGF-b 5 (63%) 0 (0%) 3 (38%)

Pro-inflammatory IL-1b 7 (25%) 0 (0%) 21 (75%)
TNF 5 (20%) 0 (0%) 23 (80%)
IL-6 6 (21%) 2 (7%) 20 (71%)
IL-1a 3 (27%) 0 (0%) 8 (73%)
LT-a 2 (33%) 1 (17%) 3 (50%)
INF-a 1 (20%) 0 (0%) 4 (80%)

Anti-inflammatory IL-10 2 (13%) 1 (6%) 13 (81%)
IL-13 1 (9%) 2 (18%) 8 (73%)

Th1 IL-2 3 (20%) 3 (20%) 9 (60%)
IL-12 2 (18%) 0 (0%) 9 (82%)
IFN-c 2 (12%) 1 (6%) 14 (82%)
IL-15 0 (0%) 1 (20%) 4 (80%)

Th2 IL-5 1 (13%) 1 (13%) 6 (75%)
IL-4 2 (15%) 0 (0%) 11 (85%)

Th17 IL-23 1 (25%) 1 (25%) 2 (50%)
IL17 0 (0%) 2 (25%) 6 (75%)

NK-cell attracting IL-8 4 (29%) 2 (14%) 8 (57%)

Cytokines shown when four or more studies measured them; less frequently
studied cytokines shown in Table 1.
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The quality assessment showed that half of the studies would
be considered poor quality (score 4 or less). Many of the studies
failed to account for confounding factors that can affect cytokine
concentrations, such as age (Alvarez-Rodriguez et al., 2012), activ-
ity level (Shephard, 2002), gender, BMI (Ouchi et al., 2011), stage in
the menstrual cycle (Al-Harthi et al., 2000) and co-morbid diseases
including psychiatric disorders (Felger and Lotrich, 2013).
Anti-depressants have also been shown to affect cytokine levels;
serotonin reuptake inhibitors (SSRIs and SNRIs) can increase IL-6,
and serotonin agonists can increase the production of IL-6 and
TNF (Kubera et al., 2004, 2005). There is a diurnal variation in cyto-
kine levels (Al-Harthi et al., 2000), and therefore it is important to
sample cytokines at the same time in the day for both cases and
controls. Twenty-five of the studies’ patient groups were not repre-
sentative of CFS patient groups, due to being all of one gender or
another selection bias. Sample sizes were often small with five
studies containing 10 or fewer patients. Given that the CFS patient
population is heterogeneous, large sample groups are important in
order to demonstrate an association. Different assays were used
across studies. This reflects changed assays used over time and
the use of different suppliers across continents. As a result, we
were unable to do a meta-analysis of the results.

We reduced source selection bias through the use of four data-
bases, with the addition of hand-searching through gathered refer-
ences and recent reviews. There was a risk of recruitment bias as a
result of recruitment from tertiary care, particularly when the
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Table 4
Summary of study results for serum/plasma cytokines following exercise.

Cytokine Higher in CFS
subjects

Lower in CFS
subjects

No difference Total

N studies (%) N studies (%) N studies (%)

Mixed pro/anti TGF-b 2 100% 0 0% 0 0% 2

Pro-inflammatory TNF 1 14% 1 14% 5 71% 7
IL-6 0 0% 0 0% 7 100% 7
IL-1b 0 0% 0 0% 6 100% 6
IL-1a 0 0% 0 0% 3 100% 3
LT-a 0 0% 0 0% 2 100% 2
IL-13 0 0% 0 0% 2 100% 2

Anti-inflammatory INF-a 0 0% 0 0% 1 100% 1
IL-10 0 0% 0 0% 3 100% 3

Th1 IL-2 2 100% 0 0% 0 0% 2
IFN-c 0 0% 0 0% 3 100% 3
IL-12 0 0% 0 0% 2 100% 2
IL-15 0 0% 0 0% 2 100% 2

Th2 IL-5 0 0% 0 0% 2 100% 2
IL-4 0 0% 1 100% 0 0% 1

Th17 IL-23 1 50% 0 0% 1 50% 2
IL17 0 0% 0 0% 2 100% 2

NK-cell attracting IL-8 0 0% 0 0% 3 100% 3
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patients were recruited from a single speciality clinic, although
there are some studies suggesting the risk is low (White et al.,
2002). Population-based recruitment are the gold standard method
to avoid such biases (Raison et al., 2009). In addition, patients too
unwell to attend the clinics would not be represented in such stud-
ies. As with all scientific literature, there is likely to be an associ-
ated reporting bias, a tendency to report the positive finding, and
a failure to focus on the negative findings.

Our findings are consistent with those of Nijs et al. (2014). The
negative findings for pro-inflammatory cytokines may be
explained by two possible reasons. Firstly, CFS patients are a
heterogeneous group (Vollmer-Conna et al., 2006; Wilson et al.,
2001), and at different points in the trajectory of their illness.
Our lack of understanding of these groups may limit our ability
to identify the group/groups of patients where cytokines and the
immune system may play a central role in disease pathogenesis
(Hornig et al., 2015). Secondly, cytokines are released by immune
cells in small amounts and have a broad range of paracrine and
even autocrine effects (Lafyatis, 2014; Wahl, 2007). Therefore, we
may not be able to detect clinically important concentrations of
circulating cytokines, as the majority of their effects are likely to
be local. Chronic pain illustrates how cytokines can act locally to
modulate synaptic transmission (Ji et al., 2013). In an adult rat
model of post-nerve injury neuropathic pain-like hypersensitivity,
Table 5
Studies measuring TGF-b.

Author Cases/controls
(N)

Difference between
cases/controls

Assay Sam

Hornig et al. (2015) 298/348 No difference Immunoassay Plas
Kennedy et al.

(2004)
47/34 Higher in cases Immunoassay Plat

pla
White et al. (2004) 9/9 Higher in cases Immunoassay Plas

Bennett et al.
(1997)

93/80 Higher in cases Bioassay Ser

MacDonald et al.
(1996)

47/47 No difference Immunoassay Unc
me

Swanink et al.
(1996)

76/69 No difference; active
TGF-b not detectable

Bioassay Ser

Peterson et al.
(1994)

10/10 Higher in cases Bioassay Ser

Chao et al. (1991) 10/10 Higher in cases Bioassay Ser
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expression of IFN-c in the dorsal horn of the spinal cord was upreg-
ulated and prerequisite for the development of hypersensitivity
(Costigan et al., 2009). Cytokines levels have rarely been measured
in the cerebrospinal fluid of CFS subjects (Lloyd et al., 1991;
Natelson et al., 2005). Finally, it is likely that cytokines are one fac-
tor in a complex network. For example, TNF blockade in rheuma-
toid arthritis only has a small effect on fatigue in comparison to
placebo (Chauffier et al., 2012), suggesting that other aspects need
to be considered. One aspect could be genetic polymorphisms;
functional polymorphisms of IFNc and IL-10 affect not only cyto-
kine production but also symptom severity and illness duration
of an acute infection (Vollmer-Conna et al., 2008).

With regards to TGF-b, almost all studies were published before
2004. This may reflect the subsequent increased use of multiplex
enzyme-linked immunosorbent assay (ELISA) systems, which usu-
ally exclude TGF-b. In the included studies, TGF-b was measured
using two different types of assays: an older murine Helper
T-cell (HT)-2 cell proliferation bioassay and an ELISA. The studies’
methodologies not only differed in the choice of assay but also
the blood component in which TGF-b was measured: plasma or
serum. TGF-b is released from activated platelets (Lafyatis, 2014;
Wahl, 2007) and therefore TGF-b measured in serum will also
indirectly assess platelet production, as platelets are activated
when the blood coagulates to produce serum. In addition, the
ple Mean TGF-b value
(unless stated otherwise)

TGF-b subtype

ma Cases 36.3 Controls 38.8 All TGFb
elet poor

sma
Cases 2.4 pg/ml Controls 1.89 TGF-b1

ma Cases 904 pg/ml (median)
Controls 50

TGF-b1

um Cases 254 pg/ml Controls
149.6 pg/ml

All TGF-b – measured TGF-b
bioactivity

lear
thods

Cases 47.7 pg/ml, Controls
31.1 pg/ml

?

um Cases 1.25 ng/ml Controls –
1.2 ng/ml

Total TGF-b and active TGF-b

um Cases 287 pg/ml Controls
115 pg/ml

TGF-b all

um Cases 290 pg/ml, Controls
104 pg/ml

TGF-b all
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Table 6
Blood sample handing in the 38 included studies.

Study Time samples taken Time to plasma/serum extraction Storage

Hornig et al. (2015) Samples collected 10am – 2 pm No mention Stored at �80 �C
Khaiboullina et al. (2014) No mention Serum separated immediately Stored at �80 �C
Wyller et al. (2015) No mention Placed on ice and centrifuged within 30 min Stored at �80 �C
Garcia et al. (2014) No mention No mention No mention
Nakatomi et al. (2014) No mention Serum extracted within 30 min Stored at �20 �C
Neu et al. (2014) No mention No mention Stored at �20 �C
Lattie et al. (2012) No mention Centrifuged within 4 h
Maes et al. (2013) Samples collected 8.30am –11.30am No mention No mention
Nakamura et al. (2013) No mention No mention No mention
Smylie et al. (2013) No mention Centrifuged within 2 h
Broderick et al. (2012) Morning fasting samples Centrifuged within 2 h Stored at �80 �C
Maes et al. (2012) Samples collected 8.30am–11.30am No mention No mention
Nas et al. (2011) No mention No mention No mention
Nakamura et al. (2010) Samples taken at night Centrifuged immediately Snap frozen on dry ice and stored at �80 �C
Nijs et al. (2009) No mention No mention No mention
Robinson et al. (2010) No mention Centrifuged immediately Stored at �80 �C
Scully et al. (2010) No mention Centrifuged immediately Stored at �80 �C
White et al. (2010) No mention Centrifuged immediately Flash frozen within 18 min and stored at �80 �C
Fletcher et al. (2009) Morning sample Centrifuged within 2 h Stored at �80 �C
Jammes et al. (2009) No mention No mention No mention
Nater et al. (2008) Morning sample No mention Stored at �80 �C
Spence et al. (2008) Same time of day No mention Stored at �70 �C
Vollmer-Conna et al. (2007) No mention No mention No mention
Kennedy et al. (2004) Same time of day No mention No mention
White et al. (2004) No mention No mention No mention
Visser et al. (2001) Samples collected 7am–10am No mention No mention
Cannon et al. (1999) No mention No mention No mention
Bennett et al. (1997) No mention No mention Stored at �20 �C
Buchwald et al. (1997) No mention No mention No mention
MacDonald et al. (1996) Samples collected 7am–10am No mention No mention
Swanink et al. (1996) Samples collected 8.30am–11.00am Centrifuged immediately No mention
Lloyd et al. (1994) No mention Clotted and frozen within 2 h Stored at �70 �C
Patarca et al. (1994) Samples collected 7.30–10.30am No mention Stored at �20 �C
Peterson et al. (1994) No mention Centrifuged within 2 h Stored at �70 �C
Linde et al. (1992) No mention No mention No mention
Chao et al. (1991) Samples collected 8am–9am No mention Stored at �20 �C
Cheney et al. (1989) No mention No mention No mention
Straus et al. (1989) No mention No mention Stored at �20 �C
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heterogeneous nature of CFS was possibly reflected in one study.
Peterson et al., 1994, found a significant increase in serum TGF-b
in CFS subjects in comparison to controls both before and after
exercise. When the individual patient TGF-b levels were examined,
it was clear that two outliers accounted for this difference in the
pre-exercise group and three outliers in the post-exercise group
of the 10 CFS subjects. This suggests that TGF-b may be a potential
biomarker for phenotyping CFS subjects into sub-groups.

TGFb is part of a superfamily of cytokines. It is secreted as a
latent complex, requiring proteolytic cleavage to the active TGF-b
(Wahl, 2007). There are 3 isoforms (TGF-b1, TGF-b2 and TGF-b3),
all of which interact with the same receptor but have different
roles, as demonstrated by knockout-mice and in human pathology.
TGF-b has a broad range of activities and therefore is involved in a
broad range of diseases. These roles include cellular proliferation,
where it is dysregulated in cancer (Flavell et al., 2010), immune
response/inflammation, embryogenesis, normal vascular integrity
and extracellular matrix deposition which is abnormal in fibrotic
disease such as pulmonary fibrosis and systemic sclerosis
(Lafyatis, 2014).

The possible biological significance of a raised TGF-b in CFS is
unknown, but comparison with concentrations found in other con-
ditions may be instructive. The mean/median elevations of TFG-b
observed in all 5 ‘‘positive’’ papers were greater than 30 pg/ml
and some were reported as high as 1 ng/ml (Table 5). In cancer
studies, serum levels of TGF-b greater than 30 pg/ml are associated
with more aggressive disease and at 80 pg/ml has prognostic sig-
nificance (Papadopoulou et al., 2008). In juvenile diabetes, eleva-
tions of TGF-b above 400 pg/ml are associated with increased risk
Please cite this article in press as: Blundell, S., et al. Chronic fatigue syndrome a
http://dx.doi.org/10.1016/j.bbi.2015.07.004
of proliferative retinopathy (Zorena et al., 2013). In inflammatory
bowel disease, where over expression of SMAD7 signalling is
hypothesised (Feagins, 2010), elevations of TGF-b as high as
2 ng/ml are observed in untreated ulcerative colitis (Sambuelli
et al., 2000). In advanced Alzheimer’s disease significantly elevated
serum and CSF TGF-b were observed in advanced disease (circa
50 pg/ml)(Chao et al., 1994). The observations therefore seem to
be consistent with a biologically significant elevation in the cyto-
kine concentration in CFS. The clinical significance of a raised
TGF-b is unclear in CFS, but its associations with clinical symptoms,
severity and prognosis merits further evaluation.

As an immune mediator, TGF-b has both pro- and
anti-inflammatory effects. The intracellular signal transduction,
following engagement of the TGF-b receptor, depends upon the cell
type and context in which the cell is activated. Naïve or newly
recruited leukocytes will be activated, whereas TGF-b will have
an inhibitory effect on activated leukocytes. The complex nature
of TGF-b makes it difficult to understand how and where it would
have its effect in CFS. However, the central nervous system may be
a starting point. In murine models exogenous TGF-b is associated
with alterations in cerebral blood flow (Gaertner et al., 2005). In
a sedentary mouse model Inoue et al. (1999) showed that intracra-
nial injection of TGF-b depressed motor activity in a dose depen-
dent manner and that increased exercise load in rats was
associated with increased TGF-b levels in the cerebrospinal fluid
(Inoue et al., 1999).

Future research should include studies of cytokines in different
body fluids, such as cerebrospinal fluid, as well as sufficiently large
studies to enable testing associations between certain cytokines
nd circulating cytokines: A systematic review. Brain Behav. Immun. (2015),
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and sub-groups of CFS. We also need to know the relationship
between circulating TGF-b and condition status (before and after
remission), severity, and possible confounders, such as medication
and comorbid conditions.

5. Conclusion

Our systematic review has highlighted the limited quality of
published studies. It has also demonstrated that there is insuffi-
cient evidence to support a role for circulating cytokines in CFS,
with the exception of TGF-b, which needs further exploration.
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