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Original Article
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Abstract: Purpose: A meta-analysis was undertaken to examine the correlation between ankylosing spondylitis (AS) 
progression and serum levels of pro-inflammatory cytokines, Interleukin-6 (IL-6) and Interleukin-17 (IL-17) in AS pa-
tients. Methods: PubMed, EBSCO, Cochrane Library database, Ovid, Springer link, WANFANG, China national knowl-
edge infrastructure (CNKI) and VIP databases(last updated search in October, 2014) were exhaustively searched 
for published case-control studies using keywords related to IL-6, IL-17 and AS. The search results were screened 
using stringent inclusion and exclusion criteria, and the data from selected high-quality studies was analyzed with 
Comprehensive Meta-analysis 2.0 software. Results: Thirteen case-control studies were selected for this meta-
analysis and contained a pooled total of 514 AS patients and 358 healthy controls. Our main result revealed strik-
ingly higher serum levels of IL-6 and IL-17 in AS patients, compared to healthy controls (IL-6: SMD = 2.51, 95% CI 
= 1.33~3.70, P = 0.01; IL-17: SMD = 3.05, 95% CI = 2.09~4.02, P < 0.001). Ethnicity-based subgroup analysis 
showed a statistically correlation of high IL-6 and IL-17 serum levels with AS both in Asian (IL-6: SMD = 3.15, 95% 
CI = 0.75~5.55, P < 0.001; IL-17: SMD = 3.30, 95% CI = 1.93~4.66, P < 0.001) and Caucasian populations (IL-6: 
SMD = 1.34, 95% CI = 0.33~2.35, P = 0.009; IL-17: SMD = 2.52, 95% CI = 1.06~3.98, P = 0.001). Conclusion: 
Meta-analysis of pooled data from thirteen high-quality studies revealed a strong correlation between elevated IL-6 
and IL-17 serum levels and the development of AS. Therefore, IL-6 and IL-17 could be used as markers for diagnosis 
and assessment of treatment outcomes in AS patients.
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Introduction

Spondyloarthritis (SpA) refers to a group of 
interrelated inflammatory rheumatic disorders 
that include ankylosing spondylitis (AS), arthri-
tis associated inflammatory bowel disease 
(IBD), psoriatic arthritis, reactive arthritis, non-
radiographic axial SpA and undifferentiated 
SpA [1, 2]. AS is the most common and a severe 
form of spondyloarthropathies, and its estimat-
ed prevalence is 0.2~0.5% worldwide with a 
higher prevalence among young adult males 
[3-5]. The underlying disease mechanisms in 
AS are related to inflammation, therefore, AS 
symptoms may also occur outside the spine 
and joints [6]. Typically, AS affects joints and 
ligaments of the spine, shoulders, hips and 
knees [7]. AS is characterized by sacroiliitis and 

spondylitis, with intense joint pain, stiffness 
and functional disability in the affected joints 
[8]. The chronic spinal and extra-spinal inflam- 
mation, and progressive irreversible structural 
damage caused by new bone formation con- 
tribute to the morbidity, functional degenera-
tion and socioeconomic burden associated  
with AS significantly [5, 9]. Although the cause 
of AS is still unknown, a number of studies  
have clearly demonstrated the correlation of 
cytokine with disease activity in AS [10, 11]. 
Indeed, pathways involving interleukin-6 (IL-6), 
interleukin-17 (IL-17), transforming growth fac-
tor beta-1, macrophage colony-stimulating fac-
tor, vascular endothelial growth factor and solu-
ble Interleukin-2 (IL-2) receptor are suspected  
to contribute majorly to AS progression [11, 
12].
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Cytokines are proteins that play important  
roles in pro- and anti-inflammatory pathways, 
and function as soluble mediators between 
immune cells to elicit specific immune respons-
es [13]. IL-6 is a pleiotropic cytokine involved in 
both pro- and anti-inflammatory pathways, met-
abolic control, bone metabolism, regeneration 
and neural processes, with prominent role in 
modulation and growth of various malignancies 
[14]. Beside these biological activities, IL-6 also 
displays homeostatic and anti-inflammatory 
properties in obesity-associated inflammation 
and exercise [15]. IL-6 is secreted by many cell 
types, with monocytes, fibroblasts and endo-
thelial cells constituting the main source of 
IL-6, and cell types such as T-cells, B-cells, 
osteoblasts and adipocytes producing signifi-
cant amounts of IL-6 upon stimulation [16]. 
Importantly, overexpression and abnormal acti-
vation of IL-6 signaling pathways is an indicator 
of aggressive disease course in autoimmunity 
and cancer [17], and elevated levels of IL-6 is 
implicated in the pathogenesis of several auto-
immune diseases, including AS [18]. IL-17 is 
important for host defense against bacterial 
and fungal pathogens, and IL-17 induces the 
production of pro-inflammatory cytokines, 

Literature retrieval and data collection

PubMed, EBSCO, Cochrane Library database, 
Ovid, Springer link, WANFANG, China national 
knowledge infrastructure (CNKI) and VIP data-
bases were exhaustively searched to identify 
published studies relevant to IL-6 and IL-17  
levels in AS patients. The database search 
retrieved studies published prior to Octo- 
ber 2014 and the language of publication  
was restricted to Chinese and English. The 
search terms were: (“ankylosing spondylitis” or 
“bechterew’s disease” or “ankylosing spondylo-
arthritis” or “rheumatoid spondylitis” or “marie-
Struempell disease” or “ankylosis spondylitis” 
or “von bechterew’s disease”), (“Interleukin-6” 
or “receptors, interleukin-6” or “IL-6” or “IL-6 
Receptors”) and (“interleukin-17” or “receptors, 
interleukin-17” or “IL-17” or “interleukin-17” or 
“cytokine synthesis inhibitory factor”). We also 
manually examined the bibliographies of select-
ed studies to identify additional relevant arti- 
cles.

Inclusion and exclusion criteria

Study selection for meta-analysis was based 
on the following inclusion criteria: (1), the pub-

Figure 1. Critical Appraisal Skill Program score for the thirteen eligible studies 
investigating the correlations of Interleukin-6 (IL-6) and Interleukin-17 (IL-17) 
serum levels with ankylosing spondylitis.

attracting neutrophils and 
macrophages to inflamma-
tion sites [12, 19, 20]. IL-17 
is mainly produced by mast 
cells, neutrophils and lym-
phoid-tissue inducer-like 
cells [21]. AS infiltrating 
neutrophils express IL-17 
and AS patients often ex- 
hibit increased IL-17 levels 
in the synovial fluid [12]. 
Although IL6 and IL-17 role 
is suspected in the patho-
genesis of AS, the clinical 
relevance of their serum 
levels and its implications 
to AS pathology continues 
to be hotly debated [10,  
18, 22]. In this context, we 
undertook a meta-analysis 
based approach to investi-
gate the relationship bet- 
ween IL-6 and IL-17 serum 
levels with AS develop- 
ment.

Materials and methods



IL-6 and IL-17associated with AS

17364	 Int J Clin Exp Med 2015;8(10):17362-17376

lished study must be a case-control study; (2), 
study must report the correlation between 
serum IL-6 and IL-17 levels and AS; (3), study 
must include AS patients as case group and 
healthy controls as control group; (4), sufficient 
information must be available on country, eth-
nicity, publication year, sample size, gender, 
IL-6 and IL-17 detection methods, serum IL-6 
level sand serum IL-17 levels. The exclusion cri-
teria were: (1), inconsistent diagnostic criteria 
for AS; (2), studies that are not case-control 
studies; (3), incomplete original data.

Data collection and quality assessment

The study screening and selection procedures 
were undertaken independently by two review-
ers. The relevant information extracted from 
finally selected studies included: authors’ infor-
mation, year, country, ethnicity, sample size, 
number of patients and controls, gender, age, 
detection method, serum IL-6 and IL-17 levels. 
In case of any disagreements during study 
selection or data extraction, a third investigator 
was consulted for resolution after careful re-
examination of the data. The quality assess-
ment of each eligible study was conducted 
using Critical Appraisal Skill Program (CASP) 
criteria.

Statistical analysis

Statistical analysis was performed with 
Comprehensive Meta-analysis version 2.0 soft-
ware (Biostat Inc., Englewood, New Jersey, 
USA). The difference in serum IL-6 and IL-17 lev-
els between the case and control groups was 
compared by Standardized mean difference 
(SMD) with 95% confidence intervals (95% CI) 
[23]. Cochran’s Q-statistic (P < 0.05 was con-
sidered significant) and I2 tests were applied to 
determine heterogeneity [23, 24]. In order to 
evaluate the pooled SMDs, either fixed effect 
model or random effect model was used based 
on the presence of heterogeneity [25]. Meta-
regression analysis of single-factor and multi-
factor were utilized to identify potential sources 
of heterogeneity and confirmed by Monte Carlo 
simulation [26, 27]. Sensitivity analysis was 
performed to calculate the influence of one 
single study in the overall outcomes. Publication 
bias was evaluated by funnel plot and Egger’s 
linear regression test to ensure reliability of the 
results [28]. A bilateral test was conducted, 
with P ≤ 0.05 considered as being significant.

Results

The database and manual searches retrieved  
a relatively small total of 286 relevant articles. 

Table 1. Baseline characteristics for included studies in present meta-analysis investigating the cor-
relation of Interleukin-6 and Interleukin-17serum levels with ankylosing spondylitis

First author Year Country Ethnicity Protein Sample 
size

Gender (M/F) Age (years)
Method

Case Control Case Control
Chen SZ [31] 2013 China Asians IL-6 Large 52/9 30/6 25.0 ± 8.2 25.0 ± 7.0 ELISA

Chen GY [30] 2013 China Asians IL-6 Small 29/12 - 29.5 (15-59) - ELISA

Londono J [18] 2012 Colombia Caucasians IL-6 Large 43/19 - - - ELISA

Limon-Camacho L [10] 2012 Mexico Caucasians IL-6 Small 38/10 - - - ELISA

Mei Y [38] 2011 China Asians IL-6 Large 41/9 35/8 28.1 ± 8.9 25.3 ± 6.7 ELISA

Li GQ [34] 2010 China Asians IL-6 Small 25/5 25/5 22.4 ± 5.2 23.6 ± 5.9 ELISA

Bal A [29] 2007 Turkey Caucasians IL-6 Large - - - - ELISA

Gratacos J [32] 1999 Spain Caucasians IL-6 Small 12/2 15/5 33 ± 1 31 ± 1 ELISA

Chen SZ [31] 2013 China Asians IL-17 Large 52/9 30/6 25.0 ± 8.2 25.0 ± 7.0 ELISA

Chen GY [30] 2013 China Asians IL-17 Small 29/12 - 29.5 (15-59) - ELISA

Londono J [18] 2012 Colombia Caucasians IL-17 Large 43/19 - - - ELISA

Limon-Camacho L [10] 2012 Mexico Caucasians IL-17 Small 38/10 - - - ELISA

Chen WS [3] 2012 China Asians IL-17 Small - - - - ELISA

Sun Y [36] 2011 China Asians IL-17 Small 15/5 6/14 24.4 (17-38) - ELISA

Mei Y [38] 2011 China Asians IL-17 Large 41/9 35/8 28.1 ± 8.9 25.3 ± 6.7 ELISA

Li GQ [34] 2010 China Asians IL-17 Small 25/5 25/5 22.4 ± 5.2 23.6 ± 5.9 ELISA

Li CM [33] 2010 China Asians IL-17 Large 45/17 35/10 28.6 39.1 ELISA

Stebbings SM [35] 2009 New Zealand Caucasians IL-17 Small 14/7 14/7 44.9 ± 15.1 43.4 ± 16.9 ELISA

Wendling D [37] 2008 France Caucasians IL-17 Small - - 39.9 41.2 ELISA
M: male, F: female, ELISA: enzyme-linked immunosorbent assay.
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After eliminating duplicates (n = 20), non-
human studies (n = 22), reviews, meta-analy-
ses, letters (n = 28) and studies on unrelated 
topic (n = 69), 147 full-text articles remained. 
Thirteen studies [3, 10, 18, 29-38] ultimately 
satisfied the inclusion criteria after excluding 
non case-control studies (n = 14), studies that 
were not relevant to AS (n = 46) or not relevant 
to IL-6 or IL-17 (n = 69) and studies that con-
tained insufficient information (n = 5). The thir-
teen selected studies for meta-analysis con-
tained a combined total of 514 AS patients and 
358 healthy controls. Sample sizes in the stud-
ies varied from 34 to 108 and the studies were 
published during 1999~2013. Seven studies 
were performed in Chinese population and the 
other six studies were performed in Caucasian 
populations, with one study each from Turkey, 
Columbia, Spain, Mexico, New Zealand and 
France. CASP scores for all the eligible studies 
are shown in Figure 1. Baseline characteristics 
for the thirteen included studies are presented 
in Table 1.

Meta-analysis results for serum level of IL-6

A total of 8 studies reported the correlation 
between IL-6 serum level and AS. Our meta-
analysis observed the existence of heterogene-
ity in the 8 published studies, thus random 
effect model was utilized (I2 = 96.5%, P < 
0.001). The main result of this meta-analysis 
showed that serum levels of IL-6 in AS patients 
were strikingly higher than healthy controls 
(SMD = 2.51, 95% CI = 1.33~3.70, P < 0.001) 
(Figure 2B). Subgroup analysis based on eth-
nicity demonstrated that serum IL-6 level was 
markedly higher in AS patients, compared with 
healthy controls, in both Asians (Asians: SMD = 
3.15, 95% CI = 0.75~5.55, P = 0.01) and 
Caucasians (Caucasians: SMD = 1.34, 95% CI 
= 0.33~2.35, P = 0.009) (Figure 3C). The sub-
group analysis based on sample size also sug-
gested that IL-6 serum levels were higher in AS 
patients, in comparison with healthy controls, 
whether a large sample size was considered 
(large sample size: SMD = 2.02, 95% CI = 
0.44~3.60, P = 0.012) or a small sample size 
was used (small sample size: SMD = 3.23, 95% 
CI = 1.06~5.40, P = 0.003) (Figure 3D).

Meta-analysis results for serum level of IL-17

A total of 11 studies examined the association 
between serum IL-17 level and AS. Heterogenei- 

ty was observed among these studies (I2 = 
95.5%, P < 0.001), therefore random effects 
model was employed. The main result of this 
meta-analysis showed that AS patients exhibit-
ed remarkably elevated serum IL-17 levels, 
compared to healthy controls (SMD = 3.05, 
95% CI = 2.09~4.02, P < 0.001) (Figure 2A). 
Subgroup analysis based on ethnicity revealed 
that both Asian and Caucasian AS patients 
showed increased serum IL-17 levels, com-
pared to their healthy counterparts (Asians: 
SMD = 3.30, 95% CI = 1.93~4.66, P < 0.001 
and in Caucasians (Caucasians: SMD = 2.52, 
95% CI = 1.06~3.98, P = 0.001) (Figure 3A). 
The subgroup analysis based on sample size 
suggested significantly higher serum IL-17 lev-
els in AS patients in both large sample size 
(large sample size: SMD = 2.69, 95% CI = 
1.01~4.37, P = 0.002) and in small sample size 
(small sample size: SMD = 3.32, 95% CI = 
2.02~4.62, P < 0.001) (Figure 3B).

Regression analysis

Univariate meta-regression analysis demon-
strated that publication year, country, ethnicity 
and sample size were not the key factors influ-
encing the overall effect size for studies investi-
gating the correlations of serum IL-17 level or 
serum IL-6 level with AS (both P > 0.05) (Figures 
4A-D, 5A-D). As shown in Tables 2 and 3, multi-
variate meta-regression analysis revealed that 
publication year, sample size, country, and eth-
nicity were not the sources of heterogeneity 
among the studies that investigated the corre-
lations between serum IL-6 and IL-17 levels 
with AS.

Sensitivity analysis and risk of publication bias

No single study had the weight to significantly 
impact the pooled SMDs (Figure 6A, 6B). 
Funnel plots were symmetrically distributed, 
indicating no publication bias. Egger’s test fur-
ther confirmed the lack of publication bias (P < 
0.05) (Figure 6C, 6D).

Discussion

In this study, we undertook a meta-analysis 
based approach to investigate the significance 
of elevated serum levels of IL-6 and IL-17 in AS 
development. Our main results provide convinc-
ing evidence that serum levels of IL-6 and IL-17 
are substantially higher in AS patients, com-
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Figure 2. Forest plots for correlation of Interleukin-6 (IL-6) and Interleukin-17 (IL-17) serum levels with ankylosing spondylitis (A: Comparison of IL-17 between case 
and control groups; B: Comparison of IL-6 between case and control groups).
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Figure 3. Forest plots for subgroup analysis on the correlation of Interleukin-6 (IL-6) and Interleukin-17 (IL-17) serum levels with ankylosing spondylitis (A: Subgroup 
analysis of ethnicity on IL-17; B: Subgroup analysis of sample size on IL-17; C: Subgroup analysis of ethnicity on IL-6; D: Subgroup analysis of sample size on IL-6).
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Figure 4. Meta-regression analysis on the correlation betweenInterleukin-17 (IL-17) serum level and ankylosing spondylitis (A: Meta-regression analysis on year; B: 
Meta-regression analysis on country; C: Meta-regression analysis on ethnicity; D: Meta-regression analysis on sample).
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Figure 5. Meta-regression analysis on the correlation betweenInterleukin-6 (IL-6) serum level and ankylosing spondylitis (A: Meta-regression analysis on year; B: 
Meta-regression analysis on country; C: Meta-regression analysis on ethnicity; D: Meta-regression analysis on sample).
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pared with healthy controls. Recent studies 
have also examined the impact of cytokines on 
the pathogenesis of inflammatory arthritis by 
using detailed measurements of cytokine lev-
els in synovial fluids and serum [39-41]. 
However, the underlying mechanisms of dis-
ease progression remain unresolved. IL-17 is 
secreted by specialized Th17 subset of CD4+ T 
cells and is involved in host defense mecha-
nisms against pathogens by inducing synthesis 
and secretion of pro-inflammatory molecules 
from fibroblasts, endothelial cells and epithelial 
cells, including chemokines, antimicrobial pep-
tides and matrix metalloproteinases [12, 21, 
42]. Interestingly, the percentage of Th17 sub-
set was significantly higher in the peripheral 
blood mononuclear cells (PBMC) of AS pati- 
ents, compared to healthy controls, and TNF-
inhibitors efficiently lowered the Th17 cell num-
bers to control levels, suggesting that the ongo-
ing inflammatory cascade sustains high Th17 
cell numbers in AS patients [10]. Furthermore, 
in recent years, CD4 + Th17 T cells and inter-
leukin-23 (IL-23)/IL-17 axis has also gained sig-
nificant attention as therapeutic target in AS 
and other inflammatory diseases because IL-23 
inhibitors dramatically reduce IL-17 serum lev-
els [3]. On the other hand, direct targeting of 
IL-6 activity is used in treatment strategies 
against several autoimmune diseases, partly 

ble that the observed increase in Treg cell  
numbers is caused by peripheral tolerance 
mechanisms in response to inflammation, but 
the suppressive capacity of Treg cells is over-
whelmed by the ongoing pro-inflammatory 
state. Alternately, effect or cells may be resis-
tant to immune regulation, promoting the 
inflammatory state, as seen in other diseases 
[46, 47]. Our results are consistent with previ-
ous studies that showed strikingly elevated 
serum levels of IL-17 and IL-6 in AS patients, 
compared to healthy controls, indicating that 
the two cytokines play a significant role in AS 
pathogenesis [10, 12]. The critical roles played 
by IL-17 and IL-17 receptor (IL-17RA) regulated 
pathway in AS progression was further validat-
ed in studies that used anti-IL-17RA monoclo-
nal antibodies to inhibit the production of pro-
inflammatory cytokines and metalloproteinas-
es, dramatically relieving AS symptoms [48].

To investigate the contribution of other poten-
tial factors influencing the correlations of serum 
level of IL-6 and IL-17 with AS development, 
subgroup analyses were conducted. Ethnicity-
stratified analysis showed a significant associa-
tion of elevated serum IL-6 and IL-17 levels with 
AS development in both Asian and Caucasian 
populations. The subgroup analysis based on 
sample size also demonstrated that serum IL-6 

Table 2. Meta-regression analyses on IL-17 of potential sources 
of heterogeneity investigating the correlation of Interleukin-6 and 
Interleukin-17serum levels with ankylosing spondylitis
Heterogeneity 
factors Coefficient SE t P

(Adjusted)
95% CI

LL UL
Year 1.637 0.573 2.86 0.079 0.236 3.038
Country 1.183 1.315 0.90 0.741 -2.035 4.401
Ethnicity -1.986 2.916 -0.68 0.852 -9.121 5.148
Sample -0.031 0.025 -1.26 0.513 -0.091 0.029
SE: Standard Error, LL: Lower Limit, UL: Upper Limit.

Table 3. Meta-regression analyses on IL-6 of potential sources of 
heterogeneity investigating the correlation of Interleukin-6 and 
Interleukin-17 serum levels with ankylosing spondylitis
Heterogeneity 
factors Coefficient SE t P

(Adjusted)
95% CI

LL UL
Year 0.647 0.736 0.88 0.684 -1.695 2.99
Country 1.535 3.693 0.42 0.989 -10.218 13.288
Ethnicity -2.301 6.888 -0.33 0.996 -24.22 19.619
Sample -0.046 0.044 -1.04 0.624 -0.188 0.095
SE: Standard Error, LL: Lower Limit, UL: Upper Limit.

due to the pleotropic functions 
of IL-6 and its different cog-
nate receptors in various cell 
types [43, 44]. IL-6 also regu-
lates the balance between 
IL-17-induced Th17 cells and 
regulatory Tregs [15], there-
fore therapeutic approaches 
to neutralize IL-6 activity could 
potentially benefit AS patients 
by targeting multiple pathways 
to halt AS progression. Evi- 
dence from animal models 
also supports this argument 
since anti-IL-6 based thera-
peutic strategies in these mo- 
dels indeed show the expect-
ed beneficial changes, i.e., 
increase in Th17 cell differen-
tiation and decrease in Tregs 
[45]. AS is a chronic inflamma-
tory disease, with a persistent 
pro-inflammatory environment 
suitable for differentiation of 
Th17 and Th1 cells. It is possi-
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and IL-17 levels were significantly elevated in 
AS patients both when the sample size was 
small and when large sample sizes were con-
sidered. Our overall results are consistent with 
several previous studies, indicating a promi-
nent role for IL-6 and IL-17 in AS progression. 
Limitations of the present meta-analysis must 
be acknowledged. First, only studies published 
in English and Chinese languages were includ-
ed in this meta-analysis, which may have 
excluded potentially important studies pub-
lished in other languages. Second, included 
studies did not contain information on Th17 
cells or other related cytokines, which may 
have led to an overestimation of the contribu-
tion of IL-6 and IL-17 to AS progression. Third, 
follow-up of treatment response was not per-
formed in the selected studies and the serum 
IL-17 and IL-6 levels were not recorded after 
treatment. Finally, an accurate definition or cut-
off point for ‘high’ or ‘low’ serum level for IL-6 
and IL-17 was not provided in the included 
studies.

In conclusion, the current study revealed that 
AS patients exhibited strikingly higher serum 
levels of IL-17 and IL-6, compared to healthy 
controls, suggesting that IL-17 and IL-6 may  
be important players in AS pathogenesis. 
Therefore, serum IL-17 and IL-6 levels could be 
important markers for the diagnosis and evalu-
ation of treatment outcomes in AS patients.
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