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Systematic review and meta analysis

Is fibromyalgia associated with a unique cytokine
profile? A systematic review and meta-analysis
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Abstract

Objectives. The aetiology of primary chronic pain syndromes (CPS) is highly disputed. We performed a
systematic review and meta-analysis aiming to assess differences in circulating cytokine levels in
patients with diffuse CPS (fibromyalgia) vs healthy controls (HC).

Methods. Human studies published in English from the PubMed, MEDLINE/Scopus and Cochrane data-
bases were systematically searched from inception up to January 2020. We included full text cross-
sectional or longitudinal studies with baseline cytokine measurements, reporting differences in circulating
cytokine levels between fibromyalgia patients and HC. Random-effects meta-analysis models were used
to report pooled effects and 95% Cls. This study is registered with PROSPERO (CRD42020193774).
Results. Our initial search yielded 324 papers and identified 29 studies (2458 participants) eligible for sys-
tematic review and 22 studies (1772 participants) suitable for meta-analysis. The systematic analysis
revealed reproducible findings supporting different trends of cytokine levels when fibromyalgia patients
were compared with HC, while the chemokine eotaxin, was consistently raised in fibromyalgia. Meta-
analysis showed significantly increased TNF-o [standardized mean difference (SMD) = 0.36, 95% CI: 0.12,
0.60, P=0.0034; =71%, Q®> P=0.0002], IL-6 (SMD=0.15, 95% CI: 0.003, 0.29, P=0.045; I*=39%, Q*
P=0.059), IL-8 (SMD =0.26, 95% CI: 0.05, 0.47, P=0.01; =61%, Q® P=0.005) and IL-10 (SMD =0.61,
95% Cl: 0.34, 0.89, P < 0.001; =10%, Q®> P=0.34) in fibromyalgia patients compared with HC.
Conclusion. We found evidence of significant differences in the peripheral blood cytokine profiles of
fibromyalgia patients compared with HC. However, the distinctive profile associated with fibromyalgia
includes both pro-inflammatory (TNF-o, IL-6, IL-8) and anti-inflammatory (IL-10) cytokines in pooled
analysis, as well as chemokine (eotaxin) signatures. Further research is required to elucidate the role of
cytokines in fibromyalgia.
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Rheumatology key messages

o A pro-inflammatory cytokine milieu may lead to nociceptive activation in fibromyalgia.
o The fibromyalgia signature includes both pro-inflammatory (TNF-«, IL-6, IL-8) and anti-inflammatory
(IL-10) cytokines and chemokines (eotaxin).
o Better quality studies are needed to draw meaningful conclusions and for potential therapeutic applications.

"University College London Medical School, 2Centre for
Inflammation and Tissue Repair and *Centre for Adolescent
Rheumatology Versus Arthritis, University College London, London, UK

Submitted 18 September 2020; accepted: 18 January 2021

Correspondence to: Coziana Ciurtin, Division of Medicine, Centre for We searched PubMed and MEDLINE/Scopus and

Adolescent Rheumatology, University College London, 3rd Floor Central, . .

250 Euston Road, London NW1 2PG, UK. E-mail: c.ciurtin@ucl.ac.uk Cochrane datab.ases from |ncept|on to .31 Jan.uary 2920
for human studies of any design published in English,

evaluating circulating (serum, plasma or whole blood)

Research in context

Evidence before this study

*Luke Furtado O’Mahony and Arnav Srivastava contributed equally to
this paper.

© The Author(s) 2021. Published by Oxford University Press on behalf of the British Society for Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use,
distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0001-9459-9306
https://orcid.org/0000-0002-8911-4113

levels of cytokines in patients with chronic pain syn-
dromes (CPS). As very few studies have been identified
in patients with localized CPS, we decided to focus ex-
clusively on patients with diffuse CPS (fibromyalgia)
without underlying organic pathology.

Previous related systematic reviews and meta-analyses
have been focused on specific CPS clinical phenotype,
such as fibromyalgia (which also included mainly low-
quality studies), or related conditions, such as chronic fa-
tigue syndrome or complex regional pain syndrome.
Despite a recent systematic review assessing levels of
cytokines in non-specific back pain, a meta-analysis has
not been conducted. In addition, the underlying pathology
contributing to back pain in the context of increased in-
flammatory markers found in some patients has been in-
sufficiently explored, limiting the interpretation of findings.

Our literature search did not retrieve any recent sys-
tematic review similar in design to this paper, in particu-
lar as we focused on a large number of cytokines in
fibromyalgia in the absence of underlying organic path-
ology, and the majority of previous systematic reviews
included chronic back pain without confidently excluding
associated pathology (such as OA, slipped disc, etc.).

Added value of this study

We conducted a systematic review of 29 studies on
fibromyalgia including 2458 participants across 14 coun-
tries and four continents; 22 comparative studies, com-
prising 1772 participants were included in the meta-
analysis. Our findings are, to the best of our knowledge,
the most comprehensive analysis of the most commonly
measured cytokines in fibromyalgia without underlying
organic pathology, and therefore provide the best avail-
able evidence regarding the unique cytokine profile
associated with this condition.

Implications of all available evidence

In view of relatively poor level of evidence for a consistent
cytokine signature associated with fibromyalgia, our re-
search highlights the limited number of high-quality stud-
ies evaluating fibromyalgia patient groups, and the
contradictory evidence provided by many of the studies
assessing the same cytokine. Although the meta-analysis
of eligible studies showed both increased pro-
inflammatory (TNF-o, IL-6, IL-8) and anti-inflammatory (IL-
10) cytokine signatures, supporting the potential role for
neuro-inflammation in the pathogenesis of fibromyalgia,
further research is required to explore the potential role of
a systemic cytokine profile in predicting disease severity
or response to treatment in fibromyalgia patients. Whilst it
is generally accepted that peripheral immune cells traffic
to local sites of nerve damage, they are also involved in
the development of pathological pain through migration to
other tissues relevant for pain processing mechanisms.
Harnessing the increased endogenous anti-inflammatory
signalling potential associated with chronic pain may offer
additional opportunities for pain therapeutic strategies.

https://academic.oup.com/rheumatology
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Introduction

Pain is an experienced symptom, representing a pro-
tective mechanism against a real or potential bodily
harm. Pathological pain is defined as an amplified re-
sponse to normally innocuous stimuli or to acute pain,
which is maladaptive and has no biological significance
[1, 2]. Pain becomes chronic when it persists for
3months or longer. Idiopathic chronic pain syndromes
(CPS) can be diffuse (e.g. fibromyalgia) or localized (e.g.
tension headache, bladder pain syndrome). The preva-
lence of chronic pain overall ranged between one-third
to one-half of the UK population, whilst a pooled ana-
lysis found that diffuse CPS affect 11.2-16.5% of the
population [3, 4]. Localized CPS are also common—e.g.
tension headache, has an estimated prevalence of
38.3%, with 43.3% of people affected reporting signifi-
cant disability [5]. Despite the significant disease burden
of CPS, the pathophysiology is poorly understood.

Idiopathic CPS have no universally accepted anatom-
ical, structural or chemical aetiologies. Due to this, they
have been shrouded in controversy, with many believing
them to have a significant psychosomatic component.
Both, peripheral and central sensitization, are involved in
the pathogenesis of chronic pain. Peripheral sensitiza-
tion is defined by augmented sensitivity to various stim-
uli after a peripheral nerve insult or lesion due to
neurogenic inflammation affecting the low velocity
unmyelinated C-fibres and low threshold myelinated Ad-
fibres that transmit pain signals. Increased input from
peripheral nociceptors can trigger a prolonged but re-
versible increase in the excitability and synaptic efficacy
of nociceptive pathway neurons [6].

In contrast with peripheral sensitization, central sensi-
tization arises from the second-order neurons within the
dorsal horn in the spinal cord and brain and is charac-
terized by increased synaptic efficacy and reduction in
inhibition, leading to a central amplification of the pain
response [7].

Central sensitization is driven by neuroinflammatory
processes that affect both the peripheral and central
nervous system. Neuroinflammation is characterized by
activation of inflammatory cells, such as macrophages
(and microglia in the spinal cord), mast cells, platelets,
endothelial cells, fibroblasts and other immune cells,
and the release of pro-inflammatory molecules, such as
cytokines, chemokines and other mediators. Interactions
of these mediators with specific nociceptors or spinal
cord neurons may lead to various biological processes
driving changes in the excitability, conductivity and
transmissibility of pain processing pathways, ultimately
leading to pain amplification [8]. Central sensitization
has been defined as ‘unhelpful neuroplasticity’ leading
to development of persistent pain in the absence of tis-
sue inflammation or injury. There is emerging evidence
derived from sensory testing and neuro-imaging to sup-
port neuroplastic changes associated with CPS [9, 10].
One theory is that chronic pain is caused by, or
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exacerbated due to, background low-intensity inappro-
priate systemic inflammation [10].

Cytokines are small molecules released by cells that
play an important role in cellular signalling, especially in
the context of inflammation and immune responses.
Cytokines can be divided into pro-inflammatory (e.g. IL-
1, IL-6 and TNF-o) and anti-inflammatory (e.g. IL-4, IL-
10 and TGF-B) types, which have opposing mecha-
nisms. Two groups of cytokines, chemokines (cytokines
involved in chemotactic functions) and ILs (cytokines
involved in lymphocyte-to-lymphocyte signalling) play a
central role as mediators of neuro-inflammation associ-
ated with chronic pain [11]. Many studies have therefore
compared circulating cytokine profiles between patients
with CPS and healthy controls (HC), aiming to investi-
gate if CPS are associated with a systemic pro-
inflammatory cytokine profile.

The purpose of this systematic review is to quantita-
tively analyse cross-sectional studies currently in the lit-
erature comparing cytokine profiles between CPS
patients and HC, to test the hypothesis that CPS are
associated with chronic systemic inflammation. As very
few studies have been identified in patients with local-
ized CPS, in order to address any potential bias from
reporting a pooled data analysis, we decided to focus
exclusively on studies in fibromyalgia as these were the
most prevalent.

Methods
Search

A full literature search was performed in January 2020
using PubMed, MEDLINE/Scopus and Cochrane data-
bases. The following MeSH terms were used for elec-
tronic searches:

(‘chronic pain’ OR ‘diffuse chronic pain’ OR ‘fibro-
myalgia’) AND (‘cytokine signature’ OR ‘cytokines’ OR
‘inflammatory cytokines’). Following screening of the
abstracts of the papers identified using the MeSH terms
above, we also repeated the search using the names of
individual cytokines that have been reported by the
papers identified above, such as TNF-a, TNF-, IFN-y,
IL-1, IL-1 receptor antagonist (IL-1ra), IL-2, IL-4, IL-6, IL-
8, IL-10, IL-17A, IL-18, monocyte chemoattractant
protein-1 (MCP-1) and eotaxin, AND Human studies
AND English language.

Any reviews identified were screened for relevance,
and their references have been manually screened
(snowballing) for suitable articles not identified by the
computer searches.

Inclusion and exclusion criteria

We included original full text articles describing cross
sectional studies comparing serum, plasma or full blood
cytokine profiles between fibromyalgia patients and HC.
We also included longitudinal studies with a baseline
comparison of cytokine profiles between fibromyalgia
patients and controls. We defined CPS using the
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accepted definition as ‘any condition causing pain most
of the time for longer than 3 months without any obvious
underlying physical or psychiatric cause’ [12]. We
excluded articles that considered chronic pain in
patients with underlying trauma, and inflammatory/
rheumatological, cancer or other conditions without
clear evidence that organic pathology has been
excluded (e.g. chronic fatigue syndrome, complex re-
gional pain syndrome/chronic back pain), abstracts,
reviews, case-series and case-reports, and unpublished
studies. We also excluded animal studies and articles
not in English. After initial analysis and review of the
data, we excluded all papers reporting on localized pain
syndromes and only included patients with fibromyalgia
to improve homogeneity. For the scope of this system-
atic review and meta-analysis we used summary esti-
mates of circulating levels of various cytokines. The
following cytokines were considered for evaluation in
this report, based on the data extracted from papers
selected by our automatic and manual search strategy:
TNF-o,, TNF-B, IFN-y, IL-1, IL-1ra, IL-2, IL-4, IL-6, IL-8,
IL-10, IL-17A, IL-18, MCP-1 and eotaxin.

Data extraction

Two reviewers (L.F.O. and A.S.) independently screened
articles for inclusion in the systematic review. First
articles were excluded by title, then by abstract and
then finally by reading the full text. Reasons for exclu-
sions were recorded. Any disagreements were resolved
by a third adjudicator (C.C.), and a Cohen’s k coefficient
was calculated to assess inter-rater reliability. One re-
viewer (L.F.O.) then collected data for meta-analysis,
which was independently verified by a second reviewer
(A.S.). We used a predefined and standardized data ex-
traction form to collect information from all the eligible
studies. Data collected included: first author, year of
publication, diagnostic criteria used for fibromyalgia,
number of affected patients, gender ratio of patient
group, number of HC, gender ratio of HC, method for
measurement of circulating cytokines, modified
Newcastle-Ottawa Scale (NOS) score, which cytokines
were measured, and how each cytokine level differed
between patients and HC. For meta-analysis, further
data were collected: mean/median, standard deviation/
standard error of the mean/Cl/interquartile range/range
and distribution of data (normal or non-parametric)—all
for each circulating cytokine reported and for both HC
and fibromyalgia patients.

Quality assessment

To assess the quality of studies, we used a modified
version of the Newcastle-Ottawa Scale for cohort stud-
ies [13], adapted for cross sectional studies, shown in
Supplementary Table S1, available at Rheumatology on-
line. All included papers were given a score out of 10 for
quality. Scores were given by one reviewer (L.F.O.) and
independently verified by a second reviewer (A.S.). All

https://academic.oup.com/rheumatology
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articles were then categorized as low quality (0-4/10),
medium quality (5-8/10) or high quality (9-10/10).

Data synthesis and analysis

Meta-analysis was performed using R (version 4.0.1)
alongside the ‘dmetar’ and ‘meta’ packages.
Standardized mean differences (SMD) were calculated
by Hedge’s g from means and standard deviations.
Interquartile ranges and medians were directly con-
verted to means and standard deviations as described
in the Cochrane Handbook [13], whereas medians and
ranges were transformed to means and standard devia-
tions as per Hozo et al. [14]. Studies only reporting P-
values and means were transformed to Hedge's g effect
sizes and standard error as per Thalheimer and Cook
[15]. Any study reporting non-parametric distribution of
data [assumed if data were reported as median and
interquartile range (IQR)] was labelled for later subgroup
analysis.

Pooled SMD was calculated using a random-effects
model, and significance was assessed by z-testing.
Heterogeneity was assessed by both /2 and Q2 statis-
tics. Sensitivity analysis was performed for all significant
models, and the results were considered robust if SMD
remained significant after: omitting any one study; omit-
ting non-parametric or skewed data; and switching to a
fixed-effects model. Subgroup analysis was performed
using the mixed-effects model. Funnel plots and Egger’s
test were used to exclude publication bias.

Results
Study selection

An algorithm detailing the number of studies included
and excluded, with reasons for exclusions, is shown in
Fig. 1.

The primary literature search yielded 326 papers. After
removal of duplicates (n=0) and exclusion of unsuitable
studies on the basis of their abstracts (n=107) or
through examining their full text (n =166), and additional
inclusion of two studies retrieved manually, 29 studies
were identified as eligible for inclusion in the systematic
review (Fig. 1 and PRISMA chart—see Supplementary
Data S1, available at Rheumatology online), containing
data on 1322 CPS patients and 1136 controls.

After screening titles and abstracts, 107 papers were
excluded. An additional 25 papers were excluded be-
cause the samples analysed were not blood, serum or
plasma (e.g. cerebrospinal fluid, skin biopsies), while 14
papers were excluded as the cytokines measured did
not fall within the scope of this review; 94 papers were
excluded as they included CPS patient groups with
associated organic disease, three were letters to the
editor, and one paper was written in Italian. Sixty-seven
full-text articles were reviewed, of which 29 were
excluded as they lacked HC, or presented solely longitu-
dinal data. Nineteen reviews were also identified, from
which two were deemed relevant for reference manual

https://academic.oup.com/rheumatology
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searches, which identified two additional eligible studies
[16, 17]. Finally, 29 articles suitable for systematic re-
view were identified [18-46]. Supplementary Table S1,
available at Rheumatology online, summarizes all the
studies included. Cohen’s « coefficient for inter-rater
agreement was 0.955 (99% agreement).

Out of 29 studies, 22 presented data in the form of
means and standard deviation/standard error/Cl, or
medians and IQR/range, and so were suitable for meta-
analysis [18, 19, 23-29, 31-34, 36-42, 45, 46]. Those
with medians and IQR were separated to determine
whether skewed data would contribute significantly to
heterogeneity through later subgroup analysis. Articles
were also grouped based on CPS clinical phenotype
(e.g. localized or widespread CPS).

Quality of studies

The majority of studies were of medium quality accord-
ing to the modified NOS score. Only 8 out of 29 studies
(28%) were scored as high quality, with the average
score 9.4/10. The lowest rated articles had a rating of 5/
10. The lowest scores have been attributed to the ‘se-
lection of controls’ item, with 12 out of 29 (41%) studies
not reporting where they recruited their HC.

Characteristics of studies

Sample size was highly variable, ranging from 16 to 255
subjects per study. Gender ratios for both control and
patient groups were reported in 27 out of 29 (93%) stud-
ies. Female participants were predominant in almost all
studies, with 15 out of 29 (52%) studies having only fe-
male subjects. The overall female: male ratio for studies
that reported it was 1227:196 (86% females) and
1485:102 (94% females) for controls and CPS patient
groups, respectively. Methods used to measure cyto-
kines varied significantly between studies: 18 (62%)
studies used ELISA, seven (24%) used cytometric bead
arrays, two (7%) used multiplex immunoassay, one (3%)
used a mixture of bead-based methods, and 1 study
(8%) had unclear methodology. Kit brands and concen-
trations of reagents varied significantly even between
studies of the same cytokine.

Systematic review and meta-analysis

We evaluated the levels of cytokines across 29 eligible
studies as detailed above and identified that some of
the most studied cytokines had opposing concentration
trends in fibromyalgia patients compared with HC.
Opposing findings reaching statistical significance that
have been reproduced in at least two independent stud-
ies (moderate-high quality), irrespective of the method
of analysis have been reported for the following
cytokines.

TNF-a levels were significantly increased in fibromyal-
gia patients compared with HCs in 6 out of 17 studies
analysing 722 participants (44%) [23, 26, 35, 39, 40, 44],
significantly lower in 2 out of 17 studies including 248
subjects (15%) [22, 29], while 9 out of 17 studies
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Fic. 1 Study selection algorithm

Primary search

AND English)

Date of search: 18/01/2020

Number of results: n=326

Search terms: (Chronic pain OR diffuse chronic pain OR fibromyalgia AND
(cytokine signature OR cytokines OR inflammatory cytokine OR interleukin 1 OR
interleukin 6 OR interleukin 17 OR tumour necrosis factor alpha) AND (Human

Databases searched: PubMed, MEDLINE

e —

_\_‘_‘_\_‘_‘_‘—‘—--_._

——
y

Excluded: n=273

Reviews: n=19

| Included studies: n=34 |

N =107 Irrelevant

N =25 Wrongsample (e.g. skin/muscle
biopsy, isolated cell production,
CSF — not serum)

| Relevant: n=2 ‘ | Irrelevant: n=17 ‘

l New articles identified manually: n=2 I

| Included studies: n=36

N =14 Not measuring appropriate
cytokines

N =94 Chronic pain syndrome has
organic component (e.g. OA/RA,
AS, endometriosis)

N=3 Letter to editor

N=1  Writtenin ltalian

N =29 No healthy control group, or

solely longitudinal data

—
T——

H

| Localised pain syndromes: n=7

[ Studies suitable for systematic review: n=29 ‘

y

l Studies suitable for meta-analysis: n=22 |

CSF: cerebrospinal fluid.

showed no significant difference in circulating TNF-o be-
tween the fibromyalgia and HC (n=678, 41%) [18, 19,
34, 36-38, 41, 42, 46].

IL-1 levels have been found to be lower in fibromyal-
gia patients compared with HC in 2 out of 10 studies
analysing 380 participants (44%) [18, 23]. However, 8
out of 10 studies showed no significant difference in IL-
1 levels between the two groups (=478, 56%) [27, 28,
30, 34, 37, 38, 40, 46].

IL-6 levels were significantly increased in fibromyalgia
in 4/20 studies (n=477, 27%) [23, 29, 32, 40], while 16
out of 20 studies failed to show any significant differ-
ence in fibromyalgia patients vs HC (n=1316, 73%) [18,
26-28, 30, 31, 34-39, 42, 44-486].

IL-8 levels were significantly increased in patients with
fibromyalgia in 9 out of 16 studies (n =623, 46hx0025;)
[18, 20, 21, 27, 28, 30, 32, 43, 44], while 7 out of 16
studies found no significant difference (n=771, 55%)
[23, 36-38, 42, 45, 46].

IL-10 levels were reported as raised in fiboromyalgia in
3 out of 9 articles (n=339, 33%) [18, 36, 46], while 6
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out of 9 studies failed to show any significant difference
(n=588, 67%) [23, 35, 37, 38, 42, 44].

For the other cytokines, IL1ra levels were reproducibly
increased in fibromyalgia patients compared with con-
trols in 1 out of 4 studies [42], whereas the other 3 out
of 4 papers showed no difference [23, 31, 46]. IFN-y lev-
els were similar in fibromyalgia vs HC in 3 out of 4 stud-
ies [23, 42, 46], and IL-2 levels were found to be either
high (2 out of 4 studies) [23, 35] or similar (2 out of 4
studies) [42, 46]. IL-4, which is an anti-inflammatory
cytokine, was found at similar concentration in both
groups in 2 out of 3 studies which measured it [44, 46].
Similarly, there was no difference in IL-17A levels in 2
out of 3 studies [23, 46].

For the chemokines, MCP-1 levels were higher (1 out
of 4 studies) [46] or similar (2 out of 4 studies) [23, 33],
while eotaxin levels were reproducibly higher in fibro-
myalgia patients compared with HC in 4 out of 5 studies
[22, 23, 25, 46].

A total of 22 studies reporting on the circulating levels
of cytokines of interest were eligible for meta-analysis.

https://academic.oup.com/rheumatology



Cytokine signatures in fibromylagia

Fic. 2 Meta-analysis for TNF-«

A Source SMD (95% Cl)
Bazzichi etal, 2007 048[0.11; 0.85]
Blanco etal., 2010 0.13[-0.30; 0.57]
Embergetal, 2018 0.40[0.15; 0.65]
Ghizal et al., 2016 1.13[0.75; 1.52]

Hernandez et al., 2010
Pay et al., 2000
Ranzolinetal,, 2016
Stensson et al, 2017
Togo et al.,, 2009
Topal et al,, 2011
Tsilioni et al., 2016
Wallace et al., 1989
Zhang et al., 2008
Total

-2.46 [-3.05; -1.87]
-0.12[-0.67; 0.44]
0.00 [-0.34; 0.34]
-0.07 [-0.71; 0.57]
-0.93(-1.97; 0.12]
0.88[0.26; 1.49]
0.79[0.29; 1.29]
-0.11[-0.67; 0.44]
0.30[-0.14; 0.73]
0.07 [-0.33; 0.48]

Heterogeneity: 32, = 124.41 (P < .001), /* = 90%

Test for overall effect: z

B Source

Bazzichi et al., 2007
Blanco etal,, 2010
Emberg et al., 2018
Ghizal et al., 2016
Pay et al., 2000
Ranzolin et al., 2016
Stensson et al,, 2017
Topal et al,, 2011
Tsilioni etal., 2016
Wallace et al., 1989
Zhang et al., 2008
Total

Heterogeneity: » fo =34
Test for overall effect: z

=034 (P=.73)

SMD (95% Cl)
0.48[0.11; 0.85]
0.13[-0.30; 0.57]
0.40[0.15; 0.65]
1.13[0.75; 1.52]
0.12[-0.67; 0.44]
0.00 [-0.34; 0.34]
-0.07[-0.71;0.57]
0.88 [ 0.26; 1.49]
0.79[0.29; 1.29]
-0.11 [-0.67; 0.44]
0.30[-0.14; 0.73]
0.36[0.12; 0.60]

13 (P < .001), *=71%

=293 (P = .003)

15 1

T 1
2 3
Standardised Mean Difference (95% Cl)

H

_...._

| T T T T 1
05 0 05 1 15
Standardised Mean Difference (95% Cl)

Forest plots showing the pooled standardized mean difference of circulating TNF-« concentrations between fibro-

myalgia patients and controls. (A) All studies included;
excluded.

We performed meta-analysis and sensitivity analysis to
assess the peripheral blood cytokine levels in fibromyal-
gia compared with HC for TNF-a (Fig. 2), IL-1 (Fig. 3),
IL-6 (Fig. 4), IL-8 (Fig. 5) and IL-10 (Fig. 6).

Significantly higher peripheral levels of cytokine con-
centrations were detected in fibromyalgia patients com-
pared with HC subjects in comparisons of TNF-a, IL-8
and IL-10 (Figs 2B, 5 and 6), which were all robust on
sensitivity analysis, while no significant differences were
found for IL-1 (Fig. 3). IL-6 concentrations were signifi-
cantly higher in fibromyalgia patients compared with
HC, but not robust on sensitivity analysis (Fig. 4).
Results are summarized in Supplementary Table S2,

https://academic.oup.com/rheumatology

(B) outliers [Hernandez et al. (2010) and Togo et al. (2009)]

available at Rheumatology online. Results were not sig-
nificantly different between skewed and normally distrib-
uted data (Supplementary Table S3, available at
Rheumatology online).

Funnel plot analysis was used for assessment of pub-
lication bias. Funnel plots looked symmetrically distrib-
uted, excluding some clear outliers (Supplementary Fig.
S1, available at Rheumatology online). Egger’s test was
performed for all cytokines included in the meta-analysis
[TNF-o0 (P=0.20), IL-1 (P=0.37), IL-6 (P=0.42), IL-8
(P=0.18) and IL-10 (P=0.51)] and they were all non-
significant, suggesting that overall, publication bias is
unlikely.
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Fic. 3 Meta-analysis for IL-1

A Source SMD (95% CI)
Bazzichi et al, 2007 -0.33[-0.70; 0.04]
Emberg etal, 2018 -0.42[-0.67;-0.18]
Gur et al., 2002 -0.08 [-0.70; 0.55]

Gur et al.,, 2002

Pay et al., 2000
Stensson et al,, 2017
Togo et al., 2009

0.14 [-0.27; 0.59]
0.01 [-0.55; 0.56]
-0.33[-0.97, 0.32]
-0.43[-1.44, 0.57]
Zhang et al., 2008 0.16 [-0.27; 0.59]
Total -0.17 [-0.36; 0.03]
Heterogeneity ;(f =10.01 (P = .19), 1*=30%
Test for overall effect: z =-1.68 (P = .09)

B source SMD (95% Cl)
Bazzichi et al,, 2007 -0.33[-0.70; 0.04]
Gur et al., 2002 -0.08 [-0.70; 0.55]
Gur et al,, 2002 0.14 [-0.27; 0.55]

Stensson et al, 2017 -0.33[-0.97; 0.32]
Togo et al.,, 2009 -0.43[-1.44;0.57]
Zhang et al.,, 2008 0.16 [-0.27; 0.59]
Total -0.09[-0.29;0.12]
Heterogeneity: ;{g =514 (P = 40), I*=3%
Test for overall effect: z = -0.84 (P = 40)
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Forest plots showing the pooled standardized mean difference of circulating IL1 concentrations between fibromyalgia
patients and controls. (A) All studies included; (B) studies reporting skewed (non-parametric) data excluded.

Discussion

The findings of this systematic review and meta-analysis
of circulating cytokine levels in patients with fibromyalgia
provides the best available evidence for the existence of
a cytokine profile in the peripheral blood associated with
diffuse chronic pain in the absence of underlying organic
pathology. Our findings suggest that there is an associ-
ation between fibromyalgia and both a pro-inflammatory
cytokine profile (comprising increased TNF-a, IL-6 and
IL-8 levels) and an anti-inflammatory signature (charac-
terized by increased IL-10 levels). Both increased and
decreased levels of various pro- and anti-inflammatory
cytokines and chemokines have been reported in indi-
vidual studies, and therefore these meta-analysis results
strengthen the clinical evidence that fibromyalgia is
accompanied by a distinct cytokine profile.

It is well recognized that peripheral immune activation
contributes to pathological pain through initial activation
of the pattern recognition receptors expressed on im-
mune cells following peripheral nerve injury or inflamma-
tion. In addition, peripheral nociceptors involved in
pathological pain have been shown to express cytokine
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and chemokine receptors [47]; this provides supporting
evidence for direct immune activation of neuronal activ-
ity leading to enhanced excitability to subsequent stimu-
lation, a phenomenon described as peripheral
sensitization [48, 49]. Similarly to peripheral neurons,
dorsal horn neurons express receptors for many pro-
inflammatory cytokines, such as IL-1, TNF-o, IL-6 and
IL-17 [50], which when activated can impact the neuron-
al function (e.g. pro-inflammatory cytokines such as
TNF-o and IL-18 enhance excitatory synaptic transmis-
sion and suppress inhibitory synaptic transmission in
neurons of spinal cord). In contrast, although there is
limited evidence for IL-10 receptor expression within the
neural tissues [47], it has been postulated that the anti-
inflammatory properties of IL-10 could be exploited as a
potential therapeutic target for pain modulation [51].

We found evidence that high study heterogeneity
influenced significantly our findings related to the TNF-a
signature associated with fibromyalgia. Our post hoc
analysis showed significantly increased circulating TNF-
a in fibromyalgia patients, only after the exclusion of two
outlier studies, which was robust on sensitivity analysis.
In support of our findings, a recent systematic review of

https://academic.oup.com/rheumatology
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Fic. 4 Meta-analysis for IL-6

A Source

Bazzichi et al., 2007
Emberg et al,, 2018
Ghizal et al., 2016
Gur et al,, 2002

Gur et al,, 2002

Hernandez et al., 2010

Maes et al., 1999

Mendieta et al., 2016

Pay et al., 2000
Ranzolin et al., 2016

Stensson et al.,, 2017

Togo et al., 2009
Topaletal,, 2011
Tsilioni et al., 2016
Wallace et al., 2001
Xiaoetal., 2013
Zhang et al., 2008

SMD (95% CI)
-0.38[-0.74; -0.01)
0.28[0.03; 0.52]
0.27[-0.09; 0.63]
-0.09[-0.72; 0.54]
0.02[-0.39; 0.43]
220[163; 2.77)
-0.26 [-0.81; 0.29]
1.02[0.24; 1.80]
0.25[-0.30; 0.81]
0.34[-0.01; 0.69]
0.49[-0.16; 1.14]
-0.19[-1.19; 0.80]
0.00 [-0.58; 0.59]
0.55[0.05; 1.04]
0.19[-0.25; 0.63]
-0.05 [-0.37; 0.26]
0.19[-0.24; 0.62]

'

-
.

at

I
-
_+

Total 0.27[0.03; 0.51]
Heterogeneity: ;f_fs =72.79 (P < .001), 1?=78%
Test for overall effect: z =2.24 (P = .03)

B source SMD (95% Cl)
Bazzichi et al,, 2007 -0.38 [-0.74;-0.01]
Embergetal, 2018 0.28[0.03; 0.52]
Ghizaletal, 2016  0.27[-0.09; 0.63]
Gur et al., 2002 -0.09[-0.72; 0.54]
Gur et al.,, 2002 0.02[-0.39; 0.43]
Maes et al., 1999 -0.26[-0.81; 0.29]
Mendieta et al., 2016 1.02[0.24; 1.80]
Pay et al., 2000 0.25[-0.30; 0.81]
Ranzolinetal, 2016 0.34[-0.01; 0.69]
Stensson et al, 2017 0.49[-0.16; 1.14]
Togo et al,, 2009 -0.19[-1.19; 0.80]
Topal etal,, 2011 0.00 [-0.58; 0.59]
Tsilioni etal, 2016  0.55[0.05; 1.04]
Wallace etal., 2001 0.19[-0.25; 0.63]
Xiaoetal, 2013 -0.05[-0.37; 0.26]
Zhangetal, 2008 0.19[-0.24; 0.62]
Total 0.15[0.00; 0.29]
Heterogeneity: y 55 = 24.37 (P = .06), I° = 38%
Test for overall effect: z =2.01 (P = .04)
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Forest plots showing the pooled standardized mean difference of circulating IL-6 concentrations between fibromyal-
gia patients and controls. (A) All studies included; (B) outliers [Hernandez et al. (2010)] excluded.

biomarkers associated with chronic non-specific back
pain also identified two studies that reported increased
levels of circulating TNF-o [52].

Pro-inflammatory cytokines such as IL-1 and IL-6
have also been implicated in pain modulation through

https://academic.oup.com/rheumatology

specific mechanisms: IL-1B enhances excitatory induced
currents within the spinal cord, and IL-18 and IL-6 sup-
press inhibitory GABA- and glycine-induced currents,
leading to a feed-forward cycle of nociceptive signalling
leading to central sensitization [53]. Our meta-analysis
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Fic. 5 Meta-analysis for IL-8

A source SMD (95% Cl)
Bazzichi etal,, 2007 0.45[0.08; 0.82]
Embergetal.,, 2018 0.33[0.08;0.57]
Gur et al , 2002 1.16[0.48; 1.84]
Guretal,, 2002 0.40[-0.02; 0.81]
Kimetal, 2010 0.60[0.06; 1.14]
Mendieta et al., 2016 2.13[1.19; 3.06]
Ranzolinet al, 2016 -0.10[-0.45; 0.24]
Stensson et al., 2017 0.60 [-0.06; 1.25]

Togo et al., 2009 0.75[-1.79;0.28]
Wallace etal, 2001 0.27[-0.17; 0.71]
Xiaoetal, 2013 -0.121[-0.43; 0.20]
Zhang etal, 2008  0.00 [-0.43; 0.43]
Total 035[0.10; 061]

Heterogeneity: ;.5:12T =40.94 (P < .001), ?=73%

Test for overall effect: z = 2.75 (P = .006)

Source SMD (95% ClI)
Bazzichi etal, 2007 0.45[0.08;0.82]
Embergetal, 2018 0.33[0.08;0.57]
Gur et al., 2002 1.16[0.48,; 1.84]
Gur et al., 2002 0.40[-0.02; 0.81]
Kimetal, 2010 0.60[0.06; 1.14]
Ranzolinetal, 2016 -0.10[-0.45; 0.24]
Stensson et al., 2017 0.60 [-0.06; 1.25]
Togo et al., 2009 -0.75[-1.79;0.28]
Wallace etal., 2001 0.27[-0.17; 0.71]
Xiaoetal., 2013 -0.12[-0.43; 0.20]
Zhangetal, 2008  0.00[-0.43;0.43]
Total 026[0.05;047]

Heterogeneity: 72, = 25.44 (P = .005), I* = 61%

Test for overall effect: z = 2.45 (P = .01)

<
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Forest plots showing the pooled standardized mean difference of circulating IL-8 concentrations between fibromyal-
gia patients and controls. (A) All studies included; (B) outliers [Mendieta et al. (2016)] excluded.

did not show any significant difference between the con-
centration of IL-1 in fibromyalgia patients compared with
controls, despite a low level of study heterogeneity and
opposing trends described in some individual studies.
However, we did find significantly increased circulating
concentrations of IL-6 in fibromyalgia patients compared
with HC. This was not robust on sensitivity analysis, but
is consistent with previous systematic reviews [17].

IL-8 is a member of the CXC chemokine subfamily,
which is known to be synthesized by microglial cells
and astrocytes with a role in mediating the intercellular
communication between glia and neurons by rapidly
altering the excitability of neurons, and thereby contribu-
ting to pain modulation [54]. Blocking IL-8 receptor sig-
nalling in a mouse model of disc degeneration and pain
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reduced behavioural signs of back pain, suggesting that
IL-8 could also be considered as a therapeutic target for
chronic pain [55]. Our systematic review and meta-
analysis showed increased levels of IL-8 in fibromyalgia
patients compared with HC, and the significance was
robust on sensitivity analysis. Our findings are similar to
the results of a systematic review of 25 studies in fibro-
myalgia [17], although their meta-analysis did not show
increased IL-8 overall.

Our meta-analysis is the first to show increased IL-10
levels in CPS. IL-10 has anti-inflammatory properties
that have been shown to reduce nociceptor sensitization
[56]. IL-10 levels were decreased in patients with fibro-
mylagia [57]. Despite contradictory findings, our pooled
result was robust on sensitivity analysis and displayed

https://academic.oup.com/rheumatology



Fic. 6 Meta-analysis for IL-10

A source SMD (95% Cl)
Bazzichi et al., 2007 0.86[0.48; 1.24]
Embergetal, 2018 0.05[-0.19; 0.30]
Ranzolinetal, 2016 0.46[0.11;0.81]
Stensson et al., 2017 0.24 [-0.40; 0.89]

Togo et al,, 2009 0.27 [-0.72; 1.27]
Zhangetal, 2008  0.56[0.12;1.00]
Total 0.42[0.13;0.71]

Heterogeneity: 12 = 13.77 (P = .02), I° = 64%

Test for overall effect: z = 2.80 (P = .005)

B  Source SMD (95% Cl)
Bazzichi etal, 2007 0.86[0.48; 1.24]
Stensson et al., 2017 0.24 [-0.40; 0.89]
Togo et al, 2009 0.27[-0.72;1.27]
Zhang et al., 2008 0.56[0.12; 1.00]
Total 0.61[0.34;0.89]
Heterogeneity: 32 = 3.34 (P = .34), I° = 10%
Test for overall effect: z =4 .36 (P < .001)

Cytokine signatures in fibromylagia
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Forest plots showing the pooled standardized mean difference of circulating IL-10 concentrations between fibromyal-
gia patients and controls. (A) All studies included; (B) studies reporting skewed (non-parametric) data excluded.

no significant study heterogeneity, but was limited by a
small pooled sample size.

Eotaxin, a chemokine originally implicated in the se-
lective recruitment of eosinophils into inflammatory sites
during allergic reactions, has been shown to be impli-
cated in ageing, neurogenesis and neurodegeneration,
and more recently in chronic pain, through increased
cellular signalling that may be responsible for changes
in neuronal excitability [46]. Our systematic analysis
showed reproducible evidence for increased levels in
fibromyalgia patients compared with HC, but the lack of
suitable data precluded a meta-analysis.

The primary limitation of our analysis is that all cyto-
kine studies were non-randomized. Therefore, we can
only show association of various cytokine levels with
fibromyalgia, without implying any temporal association
or causal relationship. In addition, we found significant
study heterogeneity most likely due to highly variable
methodology for measuring cytokines and dissimilar
sample populations. Many studies did not provide
enough data to enable inclusion in meta-analysis, which
may introduce bias. Reporting bias was also relevant, as
many papers mentioned more cytokines in their meth-
ods than they reported in their results, with the explan-
ation that some concentrations were below the
manufacturers’ limit of detection. Also, many studies
included in our analysis measured a wide range of dif-
ferent cytokines, without appropriate multiple testing
correction. It is possible that a few significant results
occurred just by accumulated probability of type | error

https://academic.oup.com/rheumatology

with multiple measurements. We could not analyse dif-
ferences between circulating cytokines and local cyto-
kine concentrations, although these have been reported
[16, 58-60], because their sampling sites were too het-
erogeneous for meaningful analysis. Finally, most stud-
ies could not control for medications taken by patients,
which could be a significant confounder, especially in
studies comparing them with HC, who were unlikely to
be on any medications.

In addition, other molecules implicated in the pathogen-
esis of pain, which are identified by some authors as cyto-
kines and by other as neurotrophins, such as nerve growth
factor (NGF) and brain-derived neurotrophic factor (BDNF),
have not been highlighted by our search strategy and
therefore not discussed in any detail in this paper. The ma-
jority of the reports identified subsequently have been
excluded from this systematic review and meta-analysis
based on ineligibility (pre-clinical studies or human studies
evaluating cerebrospinal fluid or platelet expression of
these neutrophins, or including patients with chronic pain
associated with organic pathology, such as cancer, pan-
creatitis, diabetes and interstitial cystitis).

We would like to highlight two studies that could have
been eligible for inclusion if identified by our search strat-
egy, which measured the NGF and BDNF plasma levels
in patients with fibromyalgia and primary headaches
compared with healthy controls (without assessing any
other cytokines) and found no differences [61, 62].

Overall, fibromyalgia seems to be associated with a
cytokine profile different from HC based on our

2611



Luke Furtado O’Mahony et al.

systematic appraisal of best available evidence.
However, rather than having a purely pro-inflammatory
profile, the peripheral cytokine signature associated with
fibromyalgia appears to be more complex, involving po-
tential compensatory anti-inflammatory cytokines and
chemokines implicated in modulation of neuronal excit-
ability. In addition, it is very difficult to establish a
chronological relationship between various levels of
cytokines and onset or progression of pain, as well as
take into account patient individual characteristics.
These aspects may be reflected in biological feed-back
mechanisms that could propagate an inflammatory re-
sponse or, in contrast, trigger effective physiological
compensatory mechanisms. The lack of granular data
related to the duration, intensity, fluctuation or character
of pain, patient medication or use of other therapeutic
strategies, levels of fitness, nutritional and BMI status,
associated depression, etc. poses significant limitations
in interpreting data or generalizing the findings of our
analysis.

Further research involving standardized methodology
for cytokine measurements, as has previously been sug-
gested [17], is warranted. In particular, higher quality
studies focused on hypothesis testing, evaluating the
role of both pro- and anti-inflammatory cytokines asso-
ciated with fibromyalgia are required, which may enable
the identification of cytokines as potential therapeutic
targets for chronic pain syndromes.
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