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Abstract
Polycystic ovary syndrome (PCOS) is defined as a chronic low-grade inflammatory reproductive endocrine 
disorder. PCOS can induce various metabolic disorders, which are associated with a state of mild and slow-
acting inflammation. Nevertheless, the causal relationship between polycystic ovary syndrome and inflammatory 
factors is uncertain. The causality between inflammatory cytokines and PCOS was analyzed by bidirectional 
Mendelian randomization (MR) in this current probe. We performed an interactive MR study to assess the causal 
relationships between 91 inflammatory cytokines and PCOS using Genome Wide Association Study (GWAS) data. 
We underwent dual-sample MR analysis with inverse variance weights (IVW) as the predominant MR methodology 
with multiple validity and heterogeneity analyses. MR-Egger, weighted median, simple mode, weighted mode 
and MR-PRESSO were analyzed as multiple likelihood sensitivity analyses to enhance the final results.The results 
came out interleukin-1-alpha (IL-1 A) levels (odds ratio [OR] = 1.051, 95% fiducial interval [95% CI] = 1.009–1.095, 
P = 0.02) and oncostatin-M (OSM) levels ( [OR] = 1.041, [95% CI] = 1.001–1.082, P = 0.04) were positively associated 
with the development of PCOS. Moreover, interleukin-7 (IL-7) levels ([OR] = 0.935, [95% CI] = 0.884–0.989, P = 0.02); 
interleukin-15 receptor subunit alpha (IL15RA) levels ([OR] = 0.959, [95% CI] = 0.929–0.99, P = 0.01); and C-X-C motif 
chemokine 11 (CXCL11) levels ([OR] = 0.959, [95% CI] = 0.922–0.996. P = 0.03) were strongly negatively associated 
with PCOS. However, we did not find any strong positive results in the reverse analysis, suggesting that although 
inflammatory factors contribute to the pathogenesis of PCOS, PCOS itself does not trigger inflammatory factor 
production.Our study provides genetic evidence for the connection between systemic inflammatory regulators and 
PCOS. Treatments targeting specific inflammatory factors may help to mitigate the risk of PCOS. The levels of five 
of the 91 inflammatory factors included in this study, namely, IL1A and OSM, were associated with PCOS. IL1A and 
OSM contribute to the progression of PCOS while IL-7, IL15RA, and CXCL11 levels are negatively correlated with the 
development of PCOS.
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Introduction
Polycystic ovary syndrome (PCOS) become a usual sus-
pect, whose morbidity fall in between 5 and 15% among 
women of childbearing age [1]. Its clinical manifesta-
tions include menstrual irregularities, hyperandrogen-
emia, and polycystic ovarian morphology. The etiology 
of PCOS is complex and its risk factors include genetic 
factors, excess androgens and insulin resistance (IR), obe-
sity and low-grade inflammation [2, 3]. Previous studies 
found that mild inflammation takes a significant effect 
on nosogenesis of polycystic ovary syndrome [4]. One 
study demonstrated that the dysregulation of glucose 
metabolism and lipid metabolism caused by PCOS trig-
gers low-grade inflammation in the endothelium, which 
also affects the ovarian tissue. Moreover, the presence of 
chronic inflammation may contribute to the development 
of insulin resistance (IR), which in turn is intensified by 
the release of androgens and proinflammatory cytokines 
from adipose tissue [5]. Furthermore, hirsutism, andro-
genetic alopecia, and acne are including [6].

In recent years, more and more studies have gradu-
ally focused on the role of cytokines in the pathogenesis 
of PCOS. A large body of evidence suggests that inflam-
mation-related genes encoding tumor necrosis factor-α 
(TNF-α), TNF receptor 2 (TNFR2), interleukin 6 (IL-6), 
and interleukin-17 (IL-17) are associated with the devel-
opment of PCOS [7, 8]. In addition, some studies have 
linked the development of PCOS to growth factors such 
as vascular endothelial growth factor (VEGF) and fibro-
blast growth factor (FGF) [9]. In addition, the symptoms 
of PCOS have been found to be relieved by applying anti-
inflammatory therapies to patients [10]. However, the 
above findings are mainly derived from observational 
studies, which are susceptible to confounding factors, too 
small sample sizes, and so on, biasing the results. While 
the effects of several cytokines on PCOS have been dis-
cussed, in these findings the remaining cytokines have 
not been reported. Thus, the involvement for polycystic 
ovary syndrome with inflammatory factors still appears 
to be unknown. Further exploration of the underlying 
mechanism of PCOS is warranted for the development of 
novel and effective clinical interventions.

Mendelian randomization (MR) utilizes genetic vari-
ants that are closely associated with the underlying trait 
as instrumental variables (IVs) to identify causal associa-
tions between exposures and outcomes [11]. Compared 
to traditional epidemiological methods, MR analysis 
reduces the bias introduced by confounding factors to 
the results [12]. In addition, MR is an efficient and cost-
effective method because published data are widely avail-
able to screen for suitable genetic variants [13].

In this study, we investigated the causal associations 
between inflammatory factors and PCOS by two-sample 
MR, assessed whether certain inflammatory factors may 

serve as potential risk factors for the pathogenesis of 
PCOS, and provided clues for the prevention of PCOS as 
well as the search for therapeutic targets.

Materials and methods
Study design and data sources
In order to obtain reliable results, MR analyses must ful-
fill the following three assumptions: (i) screened IVs must 
be strongly associated with exposure; (ii) IVs are not 
subject to other confounding factors; and (iii) IVs affect 
outcomes only through exposure and not through other 
pathways [14]. The genetic data on the 91 inflammatory 
factors used in this study were derived from the most 
recent Genome-Wide Association Study (GWAS) pooled 
study, as determined by genome-wide pQTL analysis 
[15]. The GWAS data for PCOS were obtained from the 
FinnGen database, which includes 34,388 patients with 
polycystic ovary syndrome and 195,922 controls of Euro-
pean descent. The data are publicly available. The screen-
ing process is shown in Fig. 1.

The selection of IVs
We selected SNPs that were strongly associated with 
PCOS and inflammatory cytokines using a threshold 
of P < 1e-5. To avoid potential pleiotropy, the screening 
process was based on the coefficient of linkage disequi-
librium (kb = 10,000, r2 = 0.001) to remove high linkage 
SNPs. Meanwhile, we calculated the F-statistic of indi-
vidual SNPs, and selected those with F > 10 as instrumen-
tal variables to avoid weak instrumental bias. In addition, 
we excluded palindromic SNPs to avoid the ambiguity of 
the presence of the same allele in the underlying trait and 
outcome. Detailed information of the SNPs involved in 
this study is shown in Supplementary1 Table 1.

Statistical analysis
In this study, the inverse variance weighting (IVW) 
method was used as the primary analytical method to 
detect the causal association between inflammatory fac-
tors and PCOS. Various sensitivity analyses were also 
used to ensure the robustness of the results. The Cochran 
Q-test was applied to the IVW estimates to test for het-
erogeneity. We also used the MR-PRESSO method to 
further assess and correct for the presence of horizontal 
pleiotropy [16, 17]. In addition, MR-Egger regression was 
used to assess potential multiple-effects bias [18, 19]. The 
results of the sensitivity analysis are presented in Supple-
mentary 1 Table 9.

All of the statistical analyses were performed using the 
“TwoSampleMR version 0.5.6” package and a two-tailed 
p-value of less than 0.05 was recognized statistically 
significant.
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Results
Relationship between inflammatory regulatory factors and 
PCOS
The F-statistics of the SNPs of the 91 inflammatory fac-
tors screened were all greater than 10, indicating the 
absence of weak IV. Two-sample MR analyses were 
performed using the IVW method as the primary ana-
lytical method. We found IL-1  A to be a risk factor for 
PCOS (OR = 1.051, 95% CI = 1.009 ~ 1.095, P = 0.02), and 
this association was also demonstrated in the other four 
methods. In addition, oncostatin- m (OSM) levels were 
also positively associated with the development of PCOS 
(OR = 1.041, 95% CI = 1.001 ~ 1.082, P = 0.04). While the 
expression levels of IL-7 (OR = 0.935 95% CI = 0.884–
0.989, P = 0.02), IL15RA (OR = 0.959, 95% CI = 0.929–0.99, 
P = 0.01) and CXCL11 (OR = 0.959, 95% CI = 0.922–0.996, 
P = 0.03) were all positively associated with the the occur-
rence of PCOS showed negative correlation (Fig. 2). No 
heterogeneity among genetic variants was found by 

Cochrane’s Q test. Also by MR-Egger and MR-PRESSO, 
it was found that there was no horizontal pleiotropy 
among the SNPs used, detailed information is shown in 
Table 1.

Relationship between PCOS and inflammatory regulatory 
factors
Reverse MR was performed with PCOS as the exposure 
and the 91 inflammatory factors identified in the present 
study as the outcome. The procedure included a total of 
16 IVs under the screening conditions of P < 1 × 10− 5 and 
r2 = 0.001, kb = 10,000, but none of the subsequent MR 
analyses revealed significant reverse causality. The statis-
tical consequences can be summarized in the additional 
documentation. (Supplementary2 Table 2).

Fig. 1 This flowchart examines the bidirectional causality of 91 selected IVs for inflammatory cytokines and PCOS. Three basic assumptions of MR analysis, 
namely, correlation, independence and exclusion restrictions, are shown
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Discussion
Using the GWAS database, we performed a two-sample 
bidirectional MR analysis to investigate the causal rela-
tionship between inflammatory cytokines and PCOS. 
The results showed that IL1A and OSM levels are posi-
tively associated with the development of PCOS while 
IL-7, IL15RA, and CXCL11 levels are negatively asso-
ciated with the development of PCOS. The pathways 
through which the above inflammatory factors act with 
PCOS are shown in Fig. 3.

Interleukin-1α(IL1A) gene encodes a protein that is 
a pleiotropic cytokine participating in diverse immor-
tal reactions and inflamatory procedures. Studies have 
shown that the presence of polymorphisms in the IL-1 
gene is associated with the development of polycystic 
ovary syndrome and can affect serum follicle-stimulat-
ing hormone (FSH) and luteinizing hormone (LH)-FSH 
ratios [20]. Other studies have shown that IL-1  A and 
IL-6 levels are elevated in patients with polycystic ovary 

syndrome [21]. A meta-analysis showed that IL-1B and 
IL-1 A polymorphisms may influence PCOS susceptibil-
ity in Asians and Caucasians, respectively [22]. However, 
no association between IL-1 and PCOS susceptibil-
ity was found in the Chinese population [23]. All of the 
above suggests that IL1A may be an important factor in 
the pathogenesis of polycystic ovary syndrome, which is 
of great significance in elucidating the pathophysiologic 
mechanism, clinical diagnosis and treatment of polycys-
tic ovary syndrome. Our study identified IL-1 A as a risk 
factor for PCOS, so blocking IL-1 signaling may lead to 
improvement of hormonal abnormalities and symptoms 
associated with PCOS pathogenesis, making it a potential 
therapeutic target.

Oncostatin M is a member of the IL-6 cytokine fam-
ily of novel adipokines that stimulate JAK/STAT signal-
ing and activate transcriptional pathways by binding to 
transmembrane receptors. Oncostatin M plays a role in 
a various biological processes, including adipogenesis/

Fig. 2 Forest plot of Mendelian randomization study on inflammatory biomarkers and PCOS
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lipogenesis, hematopoiesis, osteogenesis, and inflam-
mation. Moreover, Oncostatin M and its receptor are 
expressed in human oocytes and granulosa cells. In addi-
tion, oncostatin M has been reported to have a promo-
tive influence on the number and growth of primordial 
gametocytes in the ovary [24]. Oncostatin M supports 
and promotes the development of primordial follicles 
by stimulating the production of more growth factors. 
The increase in Oncostatin M signaling after injection 
of human chorionic gonadotropin and subsequent ovu-
lation suggests an important role in ovulation. OSM 

levels were significantly lower in PCOS patients than 
in controls and were positively correlated with oocyte 
maturation and fertilization rates [25]. The relationship 
between oncostatin M and polycystic ovary syndrome 
has been investigated in many studies. Bailey et al. [26] 
reported that operating system of the OSM induces adi-
pocyte lipolysis through the p66Shc-ERK pathway and 
inhibits the inhibitory effect of insulin on lipolysis, and 
also induces phosphorylation of inhibitory IRS1 residues. 
Moreover, OSM promotes lipolysis in white adipocytes 

Fig. 3 Summary plot of inflammatory factors and pathways of PCOS development

 

Table 1 Sensitivity analysis of 5 inflammatory factors to mendelian randomization analysis of PCOS 
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in vitro. However, our findings are not consistent with 
those of a previous case‒control study [27].

IL-7 is a cytokine that promotes the development and 
proliferation of T cells, which play an important role in 
the immune system [28]. It has been demonstrated that 
IL-1β levels are elevated in PCOS patients; while IL-7 
levels are reduced [29]. Additionally, CXCL11, a novel 
chemokine associated with sex hormones in women 
with PCOS, recruits cells of the immune system to sites 
of infection or tissue damage and regulates the activation 
state of immune cells at various stages of the immune 
response. Systemic levels of chemokines may be a marker 
of immune activation in women with PCOS [30]. Women 
with PCOS have increased levels of G-CSF and IL15 in 
serum and follicular fluid. Moreover, BMI was nega-
tively correlated with serum and follicular fluids levels of 
G-CSF and IL15 in women with PCOS [31]. Studies have 
shown that IL-15 is negatively correlated with obesity 
index, which is a risk factor for PCOS [32]. Meanwhile, 
the accumulation of adipocytes and macrophages may 
cause a chronic low-grade inflammatory state through-
out the body, which affects ovarian function and pro-
motes the development of PCOS [33]. In addition, a large 
body of literature suggests that the IL-15 endocrine axis 
reduces adiposity in mice [34]. Meanwhile, sIL- 15Rα 
is an important factor affecting body composition and 
glucagon sensitivity, and insulin resistance promotes 
PCOS [35]. A large body of evidence suggests that life-
style improvement should be the mainstay of treatment 
for women with polycystic ovary syndrome. Our study 
identified IL-15 as a protective factor in PCOS, and IL-15 
contributes to adipose tissue storage and skeletal muscle 
mitochondrial biogenesis, thus IL-15 has the potential to 
be a new therapeutic target for PCOS.

In this study, we comprehensively and systematically 
explored the causal association between inflammatory 
factors and PCOS by MR analysis. This method can 
minimize the influence of confounding factors, while the 
GWAS data of this study are derived from a large popula-
tion, and the results are credible. However, the study still 
has some limitations. First, we used P < 1 × 10− 5 as the 
threshold to screen the required instrumental variables, 
which is because fewer significant SNPs were obtained 
when P < 5 × 10− 8 was chosen as the condition, but a lower 
threshold may make the data less precise. Secondly the 
populations used in the analyses were all European popu-
lations and the symptoms of PCOS vary between races 
and individuals, it is not clear how inflammatory factors 
are associated with PCOS in other ancestries. Finally, 
reverse MR analysis did not demonstrate an association 
between PCOS and inflammatory factors, possibly due to 
insufficient sample size, and in summary, the association 
between inflammatory factors and PCOS requires fur-
ther analysis in multicenter, larger populations.
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