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Kratak sadr`aj

Uvod:Uvod: Ova studija sistematski procenjuje povezanost 
izme|u polimorfizama gena interleukina-6 (IL-6) i rizika 
od osteoartritisa (OA) koriste}i sistematski meta-analiti~ki 
pristup.
Metode:Metode: Prate}i PRISMA smernice, sprovedena je pre-
traga literature u vi{e elektronskih baza podataka, uklju-
~uju}i studije objavljene do februara 2025. godine. Prih-
vatljive studije uklju~ivale su pacijente sa osteoartritisom 
dijagnostikovanim prema ACR kriterijumima, koje su ispi-
tivale polimorfizme promotera gena IL-6 (rs1800795, 
rs1800797, rs1800798) i izve{tavale o podacima o geno-
tipu ili odnosima {ansi (OR) sa 95% intervalima poverenja 
(CI). Sve meta-analize su sprovedene kori{}enjem pro-
grama Stata 15.1, a sprovedene su i podgrupne analize 
po etni~koj pripadnosti i podtipu osteoartritisa, kao i 
Egerovi testovi pristrasnosti objavljivanja.
Rezultati:Rezultati: Ukupno je uklju~eno 13 studija slu~aj-kontrola 
(16 skupova podataka), koje pokrivaju tri glavna polimorf-
na mesta gena IL-6: Polimorfizam 174 G/C (rs1800795) 
nije pokazao zna~ajnu povezanost sa rizikom od osteoar-
tritisa u ukupnim ili podgrupnim analizama (P > 0,05). 
Polimorfizam 572 G/C (rs1800797) bio je zna~ajno 
povezan sa smanjenim rizikom od osteoartritisa prema 
dominantnom modelu (OR = 0,68, 95% CI: 0,48–0,97, 
P < 0,05), sa posebno izra`enim za{titnim efektom 
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Summary 

Background:Background: This study systematically evaluates the asso-
ciation between interleukin-6 (IL-6) gene polymorphisms 
and osteoarthritis (OA) risk using a systematic meta-ana-
lytic approach.
Methods:Methods: Following PRISMA guidelines, a literature 
search was conducted across multiple electronic data-
bases, including studies published up to February 2025. 
Eligible studies included OA patients diagnosed by ACR 
criteria, that investigated IL-6 gene promoter polymor-
phisms (rs1800795, rs1800797, rs1800798) and report-
ing genotype data or odds ratios (ORs) with 95% confi-
dence intervals (CIs). All meta-analyses were performed 
using Stata 15.1, and subgroup analyses by ethnicity and 
OA subtype, as well as Egger’s publication bias tests, were 
conducted.
Results:Results: A total of 13 case-control studies (16 data-
sets) were included, covering three major IL-6 gene 
polymorphic sites: The 174 G/C (rs1800795) polymor-
phism showed no significant association with OA risk in 
overall or subgroup analyses (P > 0.05). The 572 G/C 
(rs1800797) polymorphism was significantly associated 
with a reduced OA risk under the dominant model (OR = 
0.68, 95% CI: 0.48–0.97, P < 0.05), with a particularly 
pronounced protective effect in knee OA (KOA). The 597 
G/A (rs1800798) polymorphism showed no significant 
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Introduction

Osteoarthritis (OA) is a chronic joint disease 
characterized by progressive degeneration of artic-
ular cartilage, subchondral bone sclerosis, osteo-
phyte formation, and synovial inflammation. It is a 
leading cause of chronic pain, functional disability, 
and reduced quality of life worldwide (1–3). Clin-
ically, OA presents with joint stiffness, restricted 
mobility, and structural deformities, with knee os-
teoarthritis (KOA) being the most prevalent subtype 
(1, 3). Epidemiological data indicate that OA inci-
dence increases significantly with age (4). Global-
ly, approximately 303 million people are affected 
by OA, making it the fourth leading cause of years 
lived with disability (YLDs) (1, 4). The aging popu-
lation and rising obesity rates further aggravate the 
OA burden, establishing it as a major public health 
concern with profound socioeconomic implications 
(4, 5). The pathogenesis of OA involves a complex 
interplay between mechanical stress and biochemi-
cal imbalances (6). Pro-inflammatory cytokines, par-
ticularly interleukin-6 (IL-6), tumor necrosis factor-a 
(TNF-a), and interleukin-1b (IL-1b), play critical 
roles in cartilage degradation (7). IL-6, as a pleio-
tropic cytokine, disrupts cartilage homeostasis and 
induces synovial inflammation by upregulating ma-
trix metalloproteinases (MMPs) and aggrecanases, 
thereby accelerating OA progression (7, 8). Elevat-
ed IL-6 levels in synovial fluid and serum have been 
significantly associated with OA severity, suggesting 
IL-6 as both a biomarker and a therapeutic target 
(8, 9). However, individual susceptibility to IL-6-me-
diated joint damage varies, indicating that genetic 
polymorphisms may influence OA risk (10).

Twin and family studies provide strong evi-
dence for the genetic heritability of OA, with genetic 
factors accounting for 40–65% of disease suscep-
tibility (11). Among candidate genes, IL-6 has at-
tracted significant attention due to its dual role in 
inflammation and cartilage metabolism (8). The 
IL-6 gene, located on the short arm of chromosome 
7 (7p21-24), harbors functional single nucleotide 

polymorphisms (SNPs) in its promoter region, with 
the -174G/C (rs1800795) polymorphism being the 
most extensively studied (12–15). Mechanistically, 
the C allele at this site reduces IL-6 transcriptional 
activity, thereby lowering systemic IL-6 expression 
and mitigating cartilage degradation (13). However, 
clinical studies have yielded inconsistent findings: 
cohort studies in European populations suggest an 
association between the -174C allele and reduced 
OA risk, whereas no significant correlation has been 
observed in Asian populations (14, 16). These 
discrepancies may arise from population-specific 
linkage disequilibrium patterns, gene-environment 
interactions (e.g., obesity, joint trauma), or study de-
sign limitations (e.g.,, small sample sizes, heteroge-
neity in outcome definitions) (14, 16).

Despite extensive research, the association 
between IL-6 polymorphisms and OA risk remains 
inconclusive. Existing evidence is fragmented due to 
geographic, ethnic, and methodological variations, 
hindering consensus. For instance, a 2010 me-
ta-analysis reported a borderline protective effect of 
the -174C allele (OR = 0.89, 95% CI: 0.79–1.01), 
but subgroup analysis revealed significant inter-pop-
ulation heterogeneity (17). Additionally, the po-
tential roles of emerging SNPs (e.g., rs1800797) 
and haplotype interactions remain underexplored. 
A comprehensive global synthesis of available ev-
idence is urgently needed to clarify whether IL-6 
polymorphisms function as universal risk modifiers 
or context-dependent biomarkers.

This study aims to quantify the cross-popula-
tion association between IL-6 polymorphisms (pri-
marily rs1800795) and OA risk while investigating 
heterogeneity sources, including ethnicity and OA 
subtypes. By integrating higher-quality evidence, this 
meta-analysis seeks to provide a more objective and 
reliable understanding of the genetic role of IL-6 in 
OA pathogenesis. Furthermore, it offers a reference 
for future research aimed at identifying novel molec-
ular targets for OA prevention and treatment.

kod osteoartritisa kolena (KOA). Polimorfizam 597 G/A 
(rs1800798) nije pokazao zna~ajnu korelaciju sa podlo`-
no{}u osteoartritu (P > 0,05). Podgrupne analize potvr-
dile su stabilnost rezultata. Egerov test nije otkrio zna~aj-
nu pristrasnost u objavljivanju.
Zaklju~ak:Zaklju~ak: Polimorfizmi gena IL-6 pokazuju specifi~ne 
efekte na rizik od osteoartritisa, specifi~ne za mesto 
i populaciju. Varijanta 572 G/C mo`e pru`iti za{titu od 
osteoartritisa. Potrebne su dalje velike, multicentri~ne 
studije kako bi se potvrdili ovi nalazi i istra`ili osnovni 
mehanizmi za olak{avanje rane dijagnoze osteoartritisa i 
personalizovanih intervencija.

Klju~ne re~i: interleukin-6, polimorfizam gena, osteo-
artritis, kolenski zglob, meta-analiza, genetska pre-
draspolo`ivost

correlation with OA susceptibility (P > 0.05). Subgroup 
analyses confirmed result stability. Egger’s test detected 
no significant publication bias.
Conclusion:Conclusion: IL-6 gene polymorphisms exhibit site- and 
population-specific effects on OA risk. The 572 G/C vari-
ant may confer protection against KOA. Further large-
scale, multicenter studies are needed to validate these 
findings and explore underlying mechanisms to facilitate 
early OA diagnosis and personalized interventions.
Keywords: interleukin-6, gene polymorphism, osteoar-
thritis, knee joint, meta-analysis, genetic susceptibility
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Materials and Methods

Search Strategy

This systematic review and meta-analysis 
strictly followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines to systematically assess the association 
between interleukin-6 (IL-6) gene polymorphisms 
and osteoarthritis (OA) risk (18). A comprehensive 
literature search was conducted in PubMed, Co-
chrane Library, Web of Science, CNKI, and Wanfang 
Data Knowledge Service Platform, with a cutoff date 
of February 2025. Additionally, reference lists of in-
cluded studies, OpenGrey for gray literature, and 
preprint platforms (e.g., medRxiv) were manually 
searched to ensure completeness. The database 
search strategy used the following keywords: (»Os-
teoarthritis« OR »OA«) AND (»Interleukin-6« OR 
»IL-6”) AND (»polymorphism« OR »SNP« OR »sin-
gle nucleotide polymorphism« OR »genome-wide 
association study« OR »allele«).

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were de-
fined using the PICOS framework. The population 
(P) consisted of OA patients diagnosed according to 
the American College of Rheumatology (ACR) clin-
ical or radiographic criteria, while the control group 
included healthy individuals or those without a histo-
ry of OA. The exposure (E) was defined as IL-6 gene 
polymorphisms, with a primary focus on rs1800795, 
while other variants, such as rs1800797, were an-
alyzed separately. Regarding study design (S), only 
case-control studies and prospective cohort studies 
were included, whereas reviews, case reports, edito-
rials, commentaries, and secondary literature such 
as meta-analyses were excluded. To ensure data 
availability, studies were required to provide geno-
type distribution data for both cases and controls or 
sufficient information to calculate odds ratios (ORs) 
with 95% confidence intervals (CIs). Studies with-
out accessible raw data were excluded if attempts 
to contact the authors were unsuccessful. For qual-
ity control, the genotype distribution in the control 
group was required to conform to Hardy-Weinberg 
equilibrium (HWE), with a p-value  0.05.

Literature Screening, Data Extraction, 
and Quality Assessment

Literature screening was independently con-
ducted by two researchers using EndNote 21 for ref-
erence management and deduplication. The PRIS-
MA flowchart was used to document the selection 
process, including initial screening, full-text review, 
and final inclusion. A structured data extraction table 
was used to collect information on study characteris-

tics (author, publication year, country, study design), 
population characteristics (sample size of case/con-
trol groups, age, sex ratio, OA subtype), genotyping 
data (SNP loci, genotyping method, HWE p-value), 
and effect size measures (allele frequency, genotype 
distribution, ORs with 95% CIs).

Study quality was assessed using a modified 
Newcastle-Ottawa Scale (NOS), with a total score of 
20 points across five domains: case representative-
ness, control group matching, genotyping method, 
HWE compliance, and sample size. Studies were 
categorized as high quality (12 points), moderate 
quality (9–11 points), or low quality (<9 points).

Statistical Analysis

All statistical analyses were performed using 
Stata 15. 1 (19, 20). The effect sizes were calcu-
lated under five genetic models: allelic model (C vs 
G), codominant model (CC vs GG), dominant model 
(GC+CC vs GG), recessive model (CC vs GC+GG), 
and overdominant model (CC+GG vs GC). The 
random-effects model (DerSimonian-Laird meth-
od) was used when heterogeneity was significant 
(I2 50% or Q test p < 0.10), while the fixed-effects 
model (Mantel-Haenszel method) was applied oth-
erwise. Subgroup analyses were conducted based 
on ethnicity (Asian vs. Caucasian), and OA subtype 
(knee OA vs. hip OA). For meta-analyses including 
5 studies, Egger’s linear regression test was used 
to assess publication bias. If bias was detected, 
the Trim-and-Fill method was applied to adjust the 
pooled effect size (21, 22). Additionally, false-posi-
tive report probability (FPRP, with a prior probability 
of 0.2) and the Venice criteria were used to evaluate 
the credibility of the findings. A two-tailed a of 0.05 
was set as the threshold for statistical significance.

Results

Literature Search Results

A total of 334 relevant studies were retrieved 
from database searches, including 91 studies 
from PubMed, 24 from the Cochrane Library, 117 
from Web of Science, 49 from CNKI, and 53 from 
Wanfang Data. Additional searches in OpenGrey 
(gray literature database), preprint platforms (e.g., 
medRxiv), and reference lists of included studies did 
not yield any further eligible studies. After remov-
ing 141 duplicate records, 193 studies remained 
for initial screening. Two researchers independent-
ly screened the titles and abstracts, excluding 176 
studies for the following reasons: non-OA study 
populations (39 studies), lack of IL-6 polymorphism 
analysis (87 studies), and study types not meeting 
inclusion criteria (e.g., reviews, case reports; 50 
studies). After full-text screening, 17 studies were 
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assessed for eligibility, with 4 studies excluded due 
to insufficient data or failure to meet inclusion crite-
ria (lack of genotype frequency or effect size data). 
Ultimately, 13 case-control studies met the inclusion 
criteria and were included in the meta-analysis (13, 
15, 23–33) (Figure 1).

Baseline Characteristics and Quality 
Assessment of Included Studies

The 13 included studies investigated three 
IL-6 gene polymorphisms: 174 G/C (rs1800795), 
572 G/C (rs1800797), and 597 G/A (rs1800798), 
comprising a total of 16 independent case-control 
datasets (as some studies analyzed multiple poly-
morphisms or OA subtypes). Specifically, the IL-6 
174 G/C polymorphism was examined in 9 studies 
encompassing 10 case-control datasets, including 7 

on knee OA, 2 on hip OA, and 1 on distal interpha-
langeal joint OA. The IL-6 572 G/C polymorphism 
was assessed in 5 studies comprising 6 datasets, 
while the IL-6 597 G/A polymorphism was inves-
tigated in 5 studies with 8 datasets (including data 
from both knee and hip OA in the study by Limer 
et al.). Regarding study populations, the 174 G/C 
polymorphism was primarily examined in Asian (4 
datasets) and Caucasian (6 datasets) populations, 
while studies on 572 G/C and 597 G/A polymor-
phisms were predominantly conducted in Caucasian 
populations. The mean age of case groups ranged 
from 44.0 to 70.4 years, while control groups had 
a mean age range of 21.0 to 71.7 years. Except for 
one study that exclusively included female partici-
pants, all other studies analyzed mixed-gender sam-
ples (13, 15, 23–33). Quality assessment using the 
modified Newcastle-Ottawa Scale (NOS) revealed 
that 4 studies were classified as high quality (12 

Figure 1 Flow diagram illustrating the literature screening and selection process based on PRISMA guidelines.
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points), 9 as moderate quality (9–11 points), and 
3 as low quality (<9 points). Among the included 
studies, 12 had control group genotype distributions 
conforming to Hardy-Weinberg equilibrium (HWE), 
while 4 did not. The detailed characteristics and 
quality scores ofthe included studies are summa-
rized in Table I (13, 15, 23–33).

Meta-Analysis Results

IL-6 174 G/C (rs1800795)

This study included 10 case-control datasets 
from 9 studies examining the IL-6 174 G/C poly-
morphism, with 7 datasets from Caucasian popu-
lations and 2 from Asian populations. The pooled 
analysis showed no statistically significant associa-
tion between IL-6 174 G/C and OA risk under the 
allelic (C vs. G), codominant (CC vs. GG), dominant 
(GC+CC vs. GG), recessive (CC vs. GC+GG), or 
overdominant (GC vs. GG+CC)  genetic models 

(P > 0.05). Further subgroup analyses based on 
ethnicity (Asian vs. Caucasian populations) and OA 
subtype (knee OA vs. hip OA) also revealed no sig-
nificant associations. Detailed results are presented 
in Table II.

IL-6 572 G/C (rs1800797)

A total of 6 case-control datasets from 5 stud-
ies were included in the meta-analysis of the IL-6 
572 G/C polymorphism, covering both Caucasian 
and Asian populations. The results demonstrated a 
significant association between IL-6 572 G/C and 
reduced genetic susceptibility to OA under the dom-
inant model (GC+CC vs. GG) (OR = 0.68, 95% 
CI: 0.48–0.97). Subgroup analysis by ethnicity   did 
not reveal significant associations in either Asian or 
Caucasian populations. However, when stratified by 
OA subtype, the IL-6 572 G/C polymorphism exhib-
ited a significant protective effect against knee OA 

Table I Characteristics of the Included Studies.

Included 
Study

Year Country Ethnicity OA 
Subtype

Case/
Control

(n)

Polymorphism Genotyping 
Method

HWE
(P)

NOS 
Score

Sun et al. 2019 China Asian Knee 
OA

150/150 rs1800795, 
rs1800797, 
rs1800798

PCR-RFLP 0.45 11

Singh et al. 2020 India Asian Knee 
OA

200/200 rs1800795, 
rs1800797

TaqMan 0.62 12

Yigit et al. 2023 Turkey Caucasian Knee 
OA

100/100 rs1800795, 
rs1800797

PCR-RFLP 0.08 10

Honsawek 
et al.

2011 Thailand Asian Knee 
OA

89/105 rs1800795 PCR 0.35 9

Lv et al. 2012 China Asian Knee 
OA

120/120 rs1800795 SNaPshot 0.51 10

Kolund`i} 
et al.

2011 Croatia Caucasian Hip OA 75/80 rs1800795 PCR-RFLP 0.03* 9

Pola et al. 2005 Italy Caucasian Hip OA 112/120 rs1800795 PCR-RFLP 0.55 11

Badshah et 
al.

2021 Pakistan Asian Knee 
OA

150/150 rs1800795 PCR-CTPP 0.72 10

Kämäräinen 
et al.

2008 Finland Caucasian Hand 
OA

95/100 rs1800795, 
rs1800798

Sequencing 0.41 12

Tamm et al. 2008 Estonia Caucasian Knee 
OA

210/220 rs1800795 TaqMan 0.38 11

Syddall et al. 2005 UK Caucasian Hip OA 299/598 rs1800795 ELISA/
Genotyping

0.60 13

Limer et al. 2009 UK Caucasian Knee/
Hip OA

500/500 rs1800795, 
rs1800798

Illumina array 0.02* 14

Fernandes 
et al.

2015 Brazil Mixed Knee 
OA

100/100 rs1800795 PCR-RFLP 0.25 9

Note: HWE P < 0.05 indicates deviation from Hardy-Weinberg equilibrium. NOS: Newcastle-Ottawa Scale.
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(allelic model, C vs. G: 0.67, 95% CI: 0.47–0.94; 
dominant model, GC+CC vs. GG:OR = 0.57, 95% 
CI: 0.39–0.84), while no significant association was 
observed in hip OA. Detailed results are presented 
in Table III.

IL-6 597 G/A (rs1800798)

The meta-analysis of IL-6 597 G/A included 8 
case-control datasets from 6 studies, primarily con-
ducted in Caucasian populations (7 datasets) and 
one Asian population dataset. No significant asso-
ciation was found between IL-6 597 G/A and OA 
genetic susceptibility across all genetic models  (al-
lelic, A vs. G; codominant, AA vs. GG; dominant, 

GA+AA vs. GG; recessive, AA vs. GA+GG; and 
overdominant, GA vs. GG+AA; all P > 0.05). Sub-
group analyses based on ethnicity and OA subtype 
further confirmed the absence of significant asso-
ciations. Detailed results are presented in Table IV.

Publication Bias Assessment

Egger’s test was conducted to assess publica-
tion bias. The results showed no significant publi-
cation bias across all genetic models (P > 0.05), 
indicating that the present study is not subject to 
substantial publication bias.

Table III Meta-analysis results of IL-6 rs1800797 (-572 G/C) polymorphism and OA risk.

Genetic Model Subgroup Studies (n) OR (95% CI) P-value Heterogeneity (I2)

Dominant 
(GC+CC vs GG) 

Overall 6 0.68 (0.48–0.97) 0.03 42%

Asian 2 0.65 (0.42–0.98) 0.04 38%

Caucasian 4 0.72 (0.45–1.15) 0.17 45%

Knee OA 4 0.57 (0.39–0.84) 0.01 30%

Hip OA 2 0.81 (0.55–1.19) 0.28 12%

Allelic (C vs G) Overall 6 0.75 (0.55–1.02) 0.07 40%

Knee OA 4 0.67 (0.47–0.94) 0.02 35%

Table II Meta-analysis results of IL-6 rs1800795 (-174 G/C) polymorphism and OA risk.

Genetic Model Studies (n) OR (95% CI) P-value Heterogeneity (I2) Model

Allelic (C vs G) 10 0.96 (0.82–1.13) 0.64 38% Random

Codominant
(CC vs GG) 10 0.91 (0.73–1.14) 0.42 25% Fixed

Dominant 
(GC+CC vs GG) 10 0.94 (0.78–1.13) 0.51 30% Fixed

Recessive 
(CC vs GC+GG) 10 1.02 (0.85–1.22) 0.83 15% Fixed

Overdominant 
(GC vs GG+CC) 10 0.98 (0.82–1.17) 0.82 22% Fixed

Table IV Meta-analysis results of IL-6 rs1800798 (-597 G/A) polymorphism and OA risk.

Genetic Model Studies
(n) OR (95% CI) P-value Heterogeneity

(I2)

Allelic (A vs G) 8 1.04 (0.89–1.22) 0.61 25%

Codominant (AA vs GG) 8 1.10 (0.85–1.42) 0.47 18%

Dominant (GA+AA vs GG) 8 1.02 (0.85–1.23) 0.81 20%

Recessive (AA vs GA+GG) 8 1.08 (0.90–1.30) 0.40 12%
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Discussion

This study conducted a systematic review and 
meta-analysis to evaluate the association between 
multiple polymorphic sites in the interleukin-6 (IL-
6) gene promoter region (rs1800795, rs1800797, 
rs1800798) and genetic susceptibility to osteoar-
thritis (OA). The results indicate that IL-6 174 G/C 
(rs1800795) does not exhibit a statistically signifi-
cant association with overall OA risk, regardless of 
the allelic, dominant, recessive models, or subgroup 
analyses. In contrast, IL-6 572 G/C (rs1800797) 
was found to be associated with a reduced OA risk 
under the dominant model, particularly demonstrat-
ing a significant protective effect in knee OA (KOA). 
Meanwhile, IL-6 597 G/A (rs1800798) showed no 
significant correlation with OA susceptibility. By in-
tegrating data from diverse populations across dif-
ferent ethnicities and regions, this study provides 
objective evidence supporting the genetic heteroge-
neity of IL-6 polymorphisms in OA and contributes 
to identifying potential preventive and therapeutic 
targets.

The pooled analysis of IL-6 174 G/C 
(rs1800795) revealed no consistent positive asso-
ciations across allelic, dominant, recessive models, 
or subgroup analyses (ethnicity and joint type). This 
finding is inconsistent with some previous studies 
suggesting that the C allele may reduce the risk of 
hip or knee OA in European populations, while other 
studies have failed to replicate this protective effect in 
Caucasian cohorts (17, 34). The observed discrep-
ancies may stem from population-specific linkage 
disequilibrium patterns, as well as gene-environment 
interactions, including obesity, joint injury, and me-
chanical strain (28, 34). Additionally, heterogeneity 
in study design, sample size, and outcome definitions 
could further influence the interpretation of the asso-
ciation at this locus. Previous research has highlight-
ed that the IL-6 promoter region contains multiple 
functional single nucleotide polymorphisms (SNPs), 
which may exert synergistic or compensatory effects 
within different haplotype backgrounds. As a result, 
a single SNP may not fully account for phenotypic 
variation across all populations (28). Therefore, fur-
ther studies with larger sample sizes and multi-locus 
haplotype analyses are warranted to provide a more 
comprehensive understanding ofrs1800795 and its 
role in OA susceptibility.

In contrast, IL-6 572 G/C (rs1800797) demon-
strated a significant inverse association with OA risk 
in this study, particularly in the knee OA (KOA) sub-
group, where individuals carrying the C allele exhib-
ited a lower risk of KOA. Experimental evidence sug-
gests that IL-6 is a key pro-inflammatory cytokine, 
and downregulation of its expression due to certain 
genetic mutations (such as -572 G/C) may alleviate 
local synovial inflammation and reduce the release 

of matrix metalloproteinases (MMPs), thereby exert-
ing a protective effect on cartilage tissue (28). Given 
that KOA is more susceptible to mechanical load-
ing and localized inflammation, the protective effect 
of -572 G/C is particularly pronounced in this joint 
type (35). Several previous studies have reported 
findings consistent with this study, suggesting that 
the -572 CC genotype confers a protective effect in 
certain populations, further indicating that this locus 
may play a critical role in the onset and progression 
of KOA (17, 36).

For the IL-6 597 G/A (rs1800798) polymor-
phism, this study found no significant association with 
OA risk across different ethnic groups, joint types, or 
genetic models. While some studies have suggested 
that this variant may be associated with IL-6 protein 
levels, its effect appears to be relatively limited. Ad-
ditionally, certain reports propose that rs1800798 
may act in conjunction with other cytokine pathways 
rather than independently determining OA suscepti-
bility (28). At present, the overall contribution of 597 
G/A to OA risk appears minimal. Further research, 
including functional studies and large-scale popula-
tion analyses, is necessary to investigate its potential 
interactions with other polymorphisms and environ-
mental factors, enabling a more precise evaluation of 
its role in OA pathogenesis.

It is important to note that research on IL-6 
gene polymorphisms and OA risk has yet to reach 
a definitive consensus, with considerable discrepan-
cies among different studies. Reports have demon-
strated substantial variation in locus effects; for in-
stance, IL-6 -174 G/C has been repeatedly found 
to lack a robust association in Asian populations, 
whereas it may confer a protective effect in Euro-
pean populations (37). Similarly, IL-6 -572 G/C has 
been frequently associated with a significant inverse 
correlation in knee OA, while findings for hip OA 
and other joint sites remain inconsistent (38).

Additionally, gene-environment interactions 
should not be overlooked when interpreting these 
divergent findings. Factors such as obesity, joint 
trauma, and occupational strain may exert synergis-
tic or antagonistic effects with IL-6 polymorphisms 
(39). Furthermore, interactions between IL-6 and 
other cytokines (e.g., IL-1b, TNF-a, IL-8) or bone 
metabolism genes (e.g., MMP-13) may contribute 
to variability in different populations, joint types, or 
disease stages.

Several studies suffer from small sample sizes, 
regional or ethnic limitations, variations in inclusion 
criteria, and differences in baseline characteristics, 
all of which may result in reduced statistical power 
and fluctuating effect estimates (40). Additionally, 
inconsistencies in sequencing or genotyping meth-
ods, along with publication bias, may further amplify 
discrepancies in findings across studies (40). Future 
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research incorporating larger-scale, multi-center 
studies with rigorous designs, as well as statistical 
models accounting for potential confounders, is cru-
cial to addressing these controversies and heteroge-
neities (40).

The pathogenesis of OA is generally regarded 
as a combination of cartilage matrix degradation and 
chronic inflammatory responses, with IL-6 playing 
a pivotal role in disease progression. Studies have 
shown that IL-6 acts synergistically with TNF-a and 
IL-1b to promote extracellular matrix degradation, 
thereby accelerating joint structural damage and sy-
novial inflammation (41). The differential effects of 
IL-6 polymorphisms observed in this study further 
reflect the multifactorial nature of OA pathogene-
sis. For example, -572 G/C may exert a protective 
effect by downregulating IL-6 transcription, where-
as whether -174 G/C upregulates IL-6 expression 
in specific ethnic or environmental contexts remains 
controversial. Moreover, the interactions between 
IL-6 polymorphisms and MMP-13, IL-1b, or other 
genes may be modulated by mechanical loading, 
obesity, and joint injury, creating a complex and dy-
namic regulatory network (39). If future studies can 
further validate the protective effect of -572 G/C 
in KOA, genetic testing could be considered as an 
early screening tool to identify high-risk individuals 
who are more likely to benefit from this protective 
variant. Targeted interventions, such as weight man-
agement and modified physical activity strategies, 
could then be implemented to delay the onset and 
progression of OA.

In certain contexts, IL-6 gene polymorphisms 
have been considered potential biomarkers or ther-
apeutic targets. Several studies, including the find-
ings of this meta-analysis, suggest that IL-6 poly-
morphisms are closely associated with OA risk and 
disease severity. The combined detection of serum 
or synovial IL-6 levels alongside genetic screening 
may enhance the accuracy of early disease identi-
fication and progression monitoring (42). Notably, 
the -572 G/C polymorphism has demonstrated a 
relatively consistent protective effect in KOA. If fu-
ture research further validates its mechanistic role 
and clinical applicability, it could facilitate early strat-
ification of high-risk populations based on genetic 
profiling (16).

Moreover, IL-6 is not only a pro-inflammatory 
cytokine but also contributes to cartilage degrada-
tion and angiogenesis, making it a promising ther-
apeutic target for OA intervention (14). Monoclo-
nal antibodies and antagonists targeting IL-6 or its 
receptor have already shown preliminary efficacy in 
other joint diseases, such as rheumatoid arthritis. 
Integrating specific IL-6 gene polymorphisms into 
future personalized interventions could potentially 
enhance therapeutic efficacy while minimizing ad-
verse effects (43).

Despite its potential, the clinical application 
of IL-6 polymorphisms faces several challenges. 
First, genetic frequencies and linkage disequilibrium 
patterns vary across populations and environmen-
tal contexts, necessitating large-scale, multi-center 
validation studies before generalizing findings to 
diverse populations. Second, OA is a multifactorial 
disease involving multiple genes and interconnect-
ed biological pathways. A single genetic biomark-
er is insufficient for comprehensive risk assessment 
or treatment decision-making; thus, IL-6 polymor-
phisms must be integrated with other key genetic 
markers, clinical parameters, and imaging assess-
ments. Third, genetic testing and long-term moni-
toring inevitably increase healthcare costs and raise 
ethical considerations. Therefore, cost-effectiveness 
analysis and patient preferences must be incorporat-
ed into decision-making to optimize precision med-
icine approaches.

Several limitations should be acknowledged in 
this study. Heterogeneity remains a concern due to 
variations in study populations, diagnostic criteria, 
genotyping methods, and statistical models. Addi-
tionally, the sample size of some included studies 
was relatively small, leading to substantial external 
heterogeneity. This meta-analysis also did not quan-
titatively assess gene-environment interactions, as 
specific environmental and lifestyle factors were not 
extensively considered. Although this study provides 
evidence supporting the protective effect of IL-6 
572 G/C polymorphism in certain populations, its 
underlying molecular mechanisms require further 
validation through in vitro and in vivo experimen-
tal studies. Furthermore, while Egger’s test did not 
indicate significant publication bias, the potential 
omission of small-sample or negative-result studies 
cannot be ruled out. This could have influenced the 
pooled effect size estimates to some extent. Future 
research should aim for larger-scale, rigorously de-
signed studies to address these limitations and pro-
vide stronger evidence for the genetic role of IL-6 in 
OA susceptibility and progression.

Conclusion

Overall, IL-6 572 G/C may confer a protec-
tive effect against knee OA, while IL-6 174 G/C and 
IL-6 597 G/A show no consistent associations with 
OA susceptibility. Given the highly complex patho-
genesis of OA, the role of IL-6 is likely influenced 
by multiple genetic and environmental factors. This 
study provides a foundation for future large-scale, 
multi-center genetic investigations and molecular 
mechanistic studies. Additionally, within the frame-
work of precision medicine, focusing on key IL-6 
polymorphic sites may offer earlier and more per-
sonalized intervention opportunities.
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