
EXPERIMENTAL AND THERAPEUTIC MEDICINE  11:  1425-1432,  2016

Abstract. The present study aimed to investigate whether 
serum interleukin-6 (IL-6) expression levels were associ-
ated with the onset and progression of intervertebral disc 
degeneration (IDD). A comprehensive meta-analysis of the 
scientific literature from numerous electronic databases was 
performed, in order to obtain published studies associated 
with the topic of interest. Relevant case-control studies that 
had previously assessed a correlation between IL-6 expression 
levels and IDD were identified using predetermined inclusion 
and exclusion criteria. The STATA version 12.0 software was 
used for statistical analysis of the extracted data. A total of 
112 studies were initially retrieved, with eight studies meeting 
the inclusion criteria. These contained a total of 392 subjects, 
of which 263 were patients with IDD and 129 were healthy 
controls. A meta-analysis of the eight studies demonstrated 
that serum IL-6 protein expression levels may be associated 
with IDD, and this was irrespective of IDD subtype (bulging, 
protrusion, or sequestration). Notably, serum expression levels 
of the IL-6 protein were upregulated in intervertebral disc 
(IVD) protrusion tissue, as compared with normal IVD tissue; 
thus suggesting that IL-6 may have an important role in the 
pathophysiological process of IDD.

Introduction

Intervertebral disc degeneration (IDD), which is consid-
ered to be a global health threat, is a gateway for other 
disc-related diseases and is associated with significant 
healthcare costs (1,2). IDD precedes, or is associated with, 
numerous clinical conditions, including lower back or limb 
pain, spinal stenosis, and disc herniation (3). Clinically, 
IDD is characterized by a loss of intervertebral disc (IVD) 
height and structural failure, due to proteolytic degradation 

of the extracellular matrix (ECM) and infiltration of blood 
vessels and nerve fibers (2,4). IDD is generally accepted as 
an inescapable consequence of the aging process; it affects 
90-100% of individuals aged >63 years, and is the predomi-
nant cause of ~40% of cases of lower back pain (5,6). As a 
multifactorial disease, IDD may be caused by genetic or 
environmental factors, among which mechanical stress to 
the spine is the primary factor, although age, heavy lifting, 
smoking, and biochemical influences may also contribute 
to the risk of IDD (7,8). Currently, there is no cure for IDD, 
and it is instead managed via surgical procedures, including 
vertebral fusion and disc excision, which may relieve the pain 
in the short term but alter the biomechanics of the spine in the 
long term, resulting in degeneration of the surrounding tissues 
and adjacent discs (9,10). Miyagi et al (11) detected elevated 
levels of interleukin-6 (IL-6) in the sera of patients with IDD; 
therefore, the present meta-analysis aimed to investigate the 
association of IL-6 with IDD, in order to hasten the develop-
ment of early therapeutic intervention strategies.

IL-6 is a 26-kDa protein, which was initially described 
as a B-cell activating factor secreted by T-cells, and can be 
mapped to chromosome 7p15-p21 (12). IL-6 is a well-estab-
lished pro‑inflammatory cytokine that stimulate the growth 
and proliferation of numerous immune cell types during host 
immune defense responses (13). Furthermore, it is consid-
ered to be a key regulator of human chronic inflammatory 
diseases (14). IL-6 is able to initiate various effects on the 
nervous system, vascular tissue, immune response and stress 
response, by modulating gene expression and cell survival, 
proliferation, and differentiation (15). Numerous studies have 
associated elevated serum levels of IL-6 with cardiovascular 
diseases, type 2 diabetes, rheumatoid arthritis, multiple 
sclerosis, Crohn's disease, and lymphatic, renal, bladder and 
colorectal cancers (13,16). In addition, IL-6 has been associ-
ated with IDD pathogenesis (17-19); however, Liu et al (20) 
was unable to detect an association between IL-6 and 
disc-associated disorders. Within a meta-analysis framework, 
the present study investigated the correlation between serum 
IL-6 protein expression levels and IDD pathology, with the 
intention of developing early intervention strategies. 

Materials and methods

Search strategy. The present study was conducted on the 
basis of the guidelines of the Preferred Reporting Items for 
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Systematic Reviews and Meta-analysis (PRISMA guide-
lines; http://www.prisma-statement.org/). A comprehensive 
and systematic literature search of numerous electronic 
databases, including PubMed (http://www.ncbi.nlm.nih.
gov/pubmed/), EBSCO (http://search.ebscohost.com/), Ovid 
(http://gateway.ovid.com/), Medline (http://www.medline.
com/), Springerlink (http://link.springer.com/), Wiley 
Online Library (http://onlinelibrary.wiley.com/), Web of 
Science (http://wok.mimas.ac.uk/), the Chinese Biomedical 
Database (http://www.sinomed.ac.cn/), the Chinese Journal 
Full-Text Database (part of the China National Knowledge 
Infrastructure; http://www.cnki.net/), the Wanfang Database 
(http://www.wanfangdata.com.cn/) and the VIP Database 
(http://www.cqvip.com/), was performed. In addition, the 
reference lists from numerous original and review articles 
were manually searched. A combination of Medical Subject 
Headings, Medline medical index terms and free words, were 
used to retrieve studies broadly associated with the topic of 
interest. The search criteria were as follows: ‘Intervertebral 
disc degeneration’; ‘intervertebral disk degeneration’; ‘disk 
degeneration’; ‘disk degradation’; ‘disc degeneration’; ‘disc 
degradation’; ‘degeneration, disc’; ‘degenerative interverte-
bral disc’; ‘degenerative intervertebral disks’; ‘lumbar disc 
herniation’; ‘disc herniation’; ‘disk herniation’; ‘cervical disc 
herniation’; ‘lumbar intervertebral disc herniation’ or ‘lumbar 
intervertebral disk herniation’; and ‘interleukin-6’; ‘plas-
macytoma growth factor’; ‘B-cell differentiation factor-2’; 
‘B-cell stimulatory factor 2’; ‘BSF-2’; ‘hepatocyte-stim-
ulating factor’; ‘hybridoma growth factor’; ‘IFN-beta 2’; 
‘IL-6’; ‘IL 6’; ‘MGI-2’; ‘myeloid differentiation-inducing 
protein’; ‘B cell stimulatory factor-2’; or ‘B-cell differentia-
tion factor’.

Inclusion and exclusion criteria. The published studies 
were included in the meta-analysis if they met the following 
inclusion criteria: i) It was a case-control study, which had 
investigated the association between the expression levels of 
IL-6 and IDD; ii) the study had included patients with IDD 
and healthy controls; iii) complete data, including sample size, 
age, ethnicity, gender, pathological types and the IL-6 protein 
expression levels, were available; and iv) only the study with 
the largest sample size or the most recent study was selected 
when the retrieved studies were published by the same authors 
using identical case materials. The exclusion criteria were as 
follows: i) The study was not relevant to the study topic; ii) it 
was not a case-control study; iii) the data was incomplete; 
iv) the study was from a non-English or non-Chinese publica-
tion; or v) the study was a duplicate.

Data extraction and quality assessment. Two independent 
investigators used a standard reporting form to extract data 
from each study. The following information was collated: 
Initials of the first author, year of submission, the country of 
submission, language, ethnicity, study design, disease, protein 
detection method, total number of included cases, age, expres-
sion levels of IL-6, and the type of IDD. Disagreements were 
resolved by reaching a consensus following a discussion with 
numerous investigators during data extraction. The quality 
of the selected studies were estimated independently by two 
investigators based on the critical appraisal skills program 

(CASP) score criteria (http://www.casp-uk.net/), which are as 
follows: i) Unambiguous study issue (CASP01); ii) an appro-
priate method was used to answer study issue (CASP02); 
iii) acceptable case selection (CASP03); iv) acceptable selec-
tion of controls (CASP04); v) accurate measure of exposure 
factors for minimizing bias (CASP05); vi) other confounding 
factors were controlled (CASP06); vii) complete study 
results were available (CASP07); viii) precise study results 
(CASP08); ix) credible study results (CASP09); x) suit-
able study results for the local population (CASP10); and 
xi) consensus between the study results and other evidence 
(CASP11).

Statistical analysis. The correlations between the IL-6 
protein expression levels and IDD were estimated using the 
standardized mean difference (SMD) and the corresponding 
95% confidence interval (95% CI). The pooled SMDs were 
determined using the Z-test. The heterogeneity among the 
various studies was quantified using the Cochran's Q‑statistic 
and the I2 index (21,22). A random-effects model was used in 
the case of significant heterogeneity (P<0.05 or I2>50%), and 
a fixed‑effects model was used in the case of non‑significant 
heterogeneity (23). The potential sources of heterogeneity 
were assessed via single-factor or multi-factor meta-regression 
analyses, and the Monte Carlo simulation was used for 
multiple calibration tests. Subsequently, sensitivity analyses 
were performed, in order to evaluate whether removing a 
single study influenced the results. Funnel plots alongside the 
Egger's linear regression test were used to detect the publica-
tion bias of the selected studies. All statistical analyses were 
performed using the STATA version 12.0 software (StataCorp 
LP, College Station, TX, USA).

Results 

Baseline characteristics of included studies. Fig. 1 demon-
strates the screening process of the included studies. A total 
of 112 publications were retrieved through electronic data-
base and manual searches, of which 104 were excluded for 
the following reasons: 14 studies were duplicates; two were 
letters or review articles; 11 involved non-human subjects; 
44 were not associated with the topic of interest; 11 had 
insufficient data; and 22 possessed data of a low relevancy. 
Eight eligible case-control studies (24-31) were pooled for 
the present meta-analysis, which analyzed the serum IL-6 
protein expression levels in 263 IDD cases (with bulging, 
protrusion and sequestered IDD subtypes), as compared 
with 129 controls. The eight studies were published between 
2002 and 2014, and included five studies involving Chinese 
subjects and three studies involving Caucasians (one of each 
from Turkey, Italy and Brazil). All of the included studies 
determined serum IL-6 protein expression levels using 
ELISA. The baseline characteristics and CASP quality 
assessments of the selected studies are presented in Table I 
and Fig. 2, respectively.

Patients with IDD vs. normal individuals. Tests indicated the 
existence of heterogeneity in the IL-6 protein expression levels 
of patients with IDD; therefore, a random-effects model was 
used (P<0.001; I2=95.9%). The IL-6 protein expression levels 
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markedly correlated with IDD (SMD=3.55; 95% CI=1.77-5.32; 
P<0.001; Fig. 3A).

Patients with IDD subtypes vs. normal individuals. A 
fixed-effects model was used due to the lack of heteroge-
neity in the IL-6 protein expression levels in patients with 
the various IDD subtypes, including bulging, protrusion and 
sequestered IDD (bulging: P=0.757, I2=0.0%; protrusion: 
P=0.285, I2=12.4%; sequestered: P=0.230, I2=30.6%). All of 
the IDD subtypes exhibited upregulation of the IL-6 protein, 
as compared with the controls, which gradually increased with 
the severity of IDD (bulging: SMD=2.48, 95% CI=1.78-3.18, 
P<0.01; protrusion: SMD=3.33, 95% CI=2.64‑4.02, P<0.01; 
sequestered: SMD=7.51, 95% CI=6.11‑8.91, P<0.01; Fig. 3B‑D).

Sensitivity analysis and publication bias. The sensitivity 
analyses demonstrated that no single publication exerted 

Figure 1. A flow chart of the screening process for included studies, and the exclusion criteria, based on the PRISMA guidelines (http://www.prisma-statement.org/). 
A total of eight case-control studies were included in the present meta-analysis.

Figure 2. Methodological quality assessments for each of the included 
case-control studies using the Critical Appraisal Skill Program (CASP) score. 
The studies appearing in the figure correspond to references 24‑31 (from top 
to bottom). +, low risk; ?, unidentified risk; –, high risk.

Table I. Baseline characteristics of the included studies. 

 Case Control
 -------------------------------------------------------------- --------------------------------------------------------------
First author     Age Gender  Age Gender
(reference) Year Ethnicity Total N (years) (M/F) N (years) (M/F)

Ouyang (24) 2014 Asian 70 50 43.9 (22-58) 31/19 20 41.4 (27-65) 15/5
Ding (25) 2014 Asian 50 30 41.32±7.24 19/11 20 42.35±6.49 12/8
Li (26) 2010 Asian 80 60 42.7±11.4 38/22 20 41.5±9.3 13/7
Kraychete (27) 2010 Mixed 33 23 42.8±7.0 12/11 10 39.5±4.5 6/4
Song (28) 2009 Asian 50 30 46.1 (34-57) 22/8 20 42.5 (29-60) 15/5
Demircan (29) 2007 Caucasian 32 12 42-63 20/12 20 - -
Dong (30) 2004 Asian 40 28 45.4 (35-53) 21/7 12 - 9/3
Specchia (31) 2002 Caucasian 37 30 40.7±6.3 19/11 7 42.2±5.9 -
 
Age appears as the mean (range) or as the mean ± standard deviation. The method used in all studies was ELISA. N, number; M, male; F, female.
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influence on the SMD comparisons between patients with 
IDD and healthy individuals (Fig. 4), and between patients 
with the various subtypes of IDD and healthy individuals 

(Fig. 5). The funnel plots of IL-6 protein expression levels 
were symmetrical, and the Egger's linear regression test 
indicated no publication bias (P>0.05) (Fig. 4). However, a 

Figure 3. Forest plots depicting the correlation between the serum interleukin-6 (IL-6) protein expression levels and (A) intervertebral disc degeneration (IDD), 
and the (B) bulging; (C) protrusion; and (D) sequestration IDD subtypes. SMD, standardized mean difference; 95% CI, 95% confidence interval.

  A

  B

  C

  D
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specific P‑value could not be determined, due to only two 
studies having reported on the expression levels of the IL-6 
protein in the various IDD subtypes (Fig. 5).

Regression analysis. The results from the single factor 
meta-regression analysis suggested that the observed heteroge-
neity was independent of the year of submission, sample size, 
country and language (year of submission, P=0.589; sample 
size, P=0.688; country, P=0.300; language, P=0.159) (Fig. 6), 
and the results from multi-factor meta-regression analysis 
further demonstrated that ethnicity, year of submission, 
language and sample size did not contribute to the observed 
heterogeneity (Table II).

Discussion

IDD is a significant clinical and financial burden, due to the 
high rate of disability associated with the disease; pronounced 

physical defects occur in 10% of patients with IDD, stressing 
the importance of understanding the onset and progression 
of the disease (32). In the present study, a meta-analysis of 
published studies from numerous databases was conducted, in 
order to identify a definitive correlation between serum IL‑6 
expression levels, and IDD disease pathogenesis and severity. 
The protein expression levels of IL-6 were consistently 
higher in IVD protrusion tissue, as compared with normal 
IVD tissue. Furthermore, IL-6 protein expression levels were 
demonstrated to increase with increasing disease severity; 
thus suggesting that IL-6 may effect IDD disease progression. 
IVD predominantly consists of an inner nucleus pulposus 
(NP), surrounded by the annulus fibrosus and hyaline carti-
laginous end-plate, which lie between adjacent vertebrae in 
the spine. The gelatinous NP is regarded as an avascular tissue 
containing ECM, which consists of hydrated proteoglycan 
and collagen (33). IDD has previously been demonstrated to 
be associated with degradation of the ECM in the NP, and 

Figure 4. Sensitivity analyses of the correlations between the serum interleukin-6 (IL-6) protein expression levels and intervertebral disc degeneration.. 
CI, 95% confidence interval; SMD, standardized mean difference.
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Figure 5. Sensitivity analyses of the correlations between the serum interleukin-6 (IL-6) protein expression levels and the various intervertebral disc degenera-
tion (IDD) subtypes: (A) Bulging, (B) protrusion and (C) sequestered IDD subtypes.

  A

  B

  C

Table II. Meta-regression analyses of potential sources of heterogeneity. 

   95% CI
 ----------------------------------------
Heterogeneity factors Coefficient SE t P‑value (adjusted) LL UL

Year -0.876 0.564 -1.55 0.476 -3.301 1.55
Sample size 0.059 0.209 0.28 0.939 -0.841 0.958
Country -2.712 3.37 -0.8 0.703 -17.214 11.789
Language -1.451 8.204 -0.18 0.99 -36.75 33.848

SE, standard error; 95% CI, 95% confidence interval, LL, lower limit; UL, upper limit.
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decreased levels of disc ECM proteoglycans (2). Furthermore, 
IDD has been associated with alterations in the collagen type 
content of the ECM, decreased water disc content, and local 
inflammatory reactions (34). In a previous analysis of human 
articular cartilage, IL-6 inhibited proteoglycan synthesis, 
which maintains high NP tissue hydration, and prevents blood 
and lymphatic vessel ingrowth, under normal physiological 
conditions (19). Degrading IVD tissue has been demonstrated 
to secrete IL‑6 and other inflammatory cytokines (35); there-
fore, this may explain the upregulated expression levels of 
IL-6 in IVD protrusion tissue, as compared with normal IVD 
tissue. 

In order to assess factors confounding the validity of 
the results, the present meta-analysis investigated whether 
IL-6 protein expression levels varied between the different 
IDD clinical subtypes (bulging, protrusion and sequestered), 
as compared with the controls. The serum IL-6 expression 
levels were similarly upregulated in IVD protrusion tissue, 
as compared with normal IVD tissue, irrespective of the IDD 
subtype, and the IL-6 levels increased with increasing severity 
of IDD. 

The limitations of the present meta-analysis include its 
similarity to other published meta-analyses and the small 
sample size; of the 112 studies initially identified, only eight met 
the inclusion criteria and this may have negatively impacted on 
the reliability of the results. In addition, a subgroup analysis 

based on ethnicity could not be performed, which may have 
indicated ethnicity bias in the results.

In conclusion, the present meta-analysis demonstrated 
that the protein expression levels of IL-6 were upregulated in 
IVD protrusion tissue, as compared with normal IVD tissue, 
and this was irrespective of the IDD subtype. Therefore, 
IL-6 expression levels may effect the progression of IDD. 
Future studies should endeavor to elucidate the underlying 
mechanism by which IL-6 effects the onset and progression 
of IDD.
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