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Polycystic ovary syndrome (PCOS) is one of the most common endocrine and metabolic diseases among women of reproductive age. Inflammation may be involved in the pathogenesis of PCOS, but its exact relationship with PCOS remains unclear. Herein, we investigate the causal association between systemic inflammatory regulators and PCOS risk through a two-sample Mendelian randomization (MR) approach based on the latest and largest genome-wide association study (GWAS) of 41 systemic inflammatory regulators in 8293 Finnish participants and a GWAS meta-analysis consisting of 10,074 PCOS cases and 103,164 controls of European ancestry. Our results suggest that higher levels of IL-17 and SDF1a, as well as lower levels of SCGFb and IL-4, are associated with an increased risk of PCOS (OR = 1.794, 95% CI = 1.150 – 2.801, P = 0.010; OR = 1.563, 95% CI = 1.055 – 2.315, P = 0.026; OR = 0.838, 95% CI = 0.712 – 0.986, P = 0.034; and OR = 0.637, 95% CI = 0.413 – 0.983, P = 0.042, respectively). In addition, genetically predicted PCOS is related to increased levels of IL-2 and VEGF (OR = 1.257, 95% CI = 1.022 – 1.546, P = 0.030 and OR = 1.112, 95% CI = 1.006 – 1.229, P = 0.038, respectively). Our results indicate the essential role of cytokines in the pathogenesis of PCOS. Further studies are warranted to assess the possibility of these biomarkers as targets for PCOS prevention and treatment.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine and metabolic disorder among women of reproductive age (1, 2). PCOS is a complex and multifaceted disorder that is often diagnosed based on hyperandrogenism, ovulatory dysfunction and polycystic ovaries (3). Newer diagnostic tools include serum anti-Müllerian hormone (AMH) (4), among others. Although PCOS can lead to many complications, including obesity, infertility, metabolic disorders and cardiovascular disease, and although it has a significant impact on the patient’s quality of life (3), the exact cause of PCOS remains uncertain, and current treatments for PCOS mainly target its symptoms. Many studies have investigated potential risk factors for PCOS, which include genetic factors, excess androgen and insulin resistance (IR) (3). In addition, several other risk factors have been identified, such as obesity, chronic disease and low-grade inflammation (2, 5). Regarding inflammation, observational, epidemiological studies have demonstrated that circulating levels of several cytokines may be involved in the pathogenesis of PCOS. Some studies have explored the pathophysiological roles of cytokines, such as interleukin-1β (IL-1β), interleukin-1 receptor antagonist (IL1Ra), interleukin-6 (IL-6), interleukin-17 (IL-17) and interleukin-18 (IL-18) in PCOS development (6, 7). The association of the pathogenesis of PCOS with growth factors, such as vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF) and pigment epithelium-derived factor (PEDF) has also been investigated by previous studies (8–10). Previous studies have also found that anti-inflammatory therapy can benefit patients with PCOS (11).

These associations are, however, derived from conventional observational studies and are thus susceptible to biases, such as small sample size, reverse causation and potential confounders (12). Based on the results of previous studies, it is sometimes difficult to reach a convincing conclusion because of these biases and the inevitable heterogeneity between different studies. Therefore, the causal effect of individual cytokines on the risk of PCOS remains uncertain. A Mendelian randomization (MR) study is less likely to be affected by reverse causality and potential environmental-social confounding factors because it uses genetic variants that are strongly and solely associated with exposure as instrumental variables (IVs) to establish causal association.

Hence, in the present study, we implemented a two-sample MR to investigate certain systemic inflammatory regulators as potential contributors to the pathogenesis of PCOS. In addition, the association between genetically predicted PCOS and systemic inflammatory regulators was also evaluated, offering a clear picture of the relationship between PCOS and inflammatory markers.



Materials and Methods


The Genetic Association Between Systemic Inflammatory Regulators and PCOS

Single nucleotide polymorphisms (SNPs) associated with cytokines and other systemic inflammatory regulators were obtained and selected from the summary statistics of the latest and largest genome-wide association study (GWAS) of 41 systemic inflammatory regulators in 8293 Finnish participants from three cohort studies, including the Cardiovascular Risk in Young Finns Study, the FINRISK1997 study and the FINRISK200225 study (13). Genetic associations were adjusted for age, sex, body mass index and the first ten genetic principal components. Genetic association data on PCOS in Europeans were selected from a GWAS meta-analysis of PCOS consisting of 10,074 PCOS cases and 103,164 controls of European ancestry (14). These genetic associations were adjusted for age in the cohort.



The Selection of Genetic Instruments

For each of the 41 cytokines and other systemic inflammatory regulators (Supplementary Table S1), we extracted the SNPs that strongly predicted exposures at the genome-wide significance level (P < 5 × 10–8). To avoid potential pleiotropy, SNPs associated with more than one systemic inflammatory regulator were removed. Linkage disequilibrium (LD) was checked for using the European 1000 G reference panel as a reference, and SNPs with r2 < 0.1 were selected to omit the superposition effect of correlated SNPs. After harmonizing the selected SNPs with PCOS GWAS data, only nine systemic inflammatory regulators had more than two independent SNPs at a genome-wide significance level (Supplementary Table S1). Thus, an alternative cut-off (P < 5 × 10–6) was adopted to obtain SNPs predicting systemic inflammatory regulators. Eventually, all 41 systemic inflammatory regulators were selected under this condition (Supplementary Table S2). To avoid weak IVs, average SNP-specific F-statistics were calculated (15, 16), and IVs with F-statistics > 10 were considered as strong IVs for MR analysis.

For selecting IVs of PCOS, LD (r2 < 0.01) and palindromes were tested for the 14 SNPs estimated to be correlated to PCOS at the genome-wide significance level (P < 5×10-8). Eventually, after harmonizing the selected SNPs with systemic inflammatory regulators GWAS data, ten SNPs in total were included to construct the genetic IVs for PCOS (Supplementary Table S3).



The Expression Level of Associated Systematic Inflammatory Regulators in Clinical Participants

In this study, we enrolled patients diagnosed with PCOS and age-matched healthy women in Reproductive Center, Department of obstetrics and gynecology, West China Second University Hospital from January, 2021 to August, 2021. PCOS was diagnosed according to the European Society for Human Reproduction and Embryology/American Society for Reproductive Medicine (ESHRE/ASRM) (Rotterdam criteria). Blood sample of each participant was collected and tested for the associated systematic inflammatory regulators using enzyme-linked immunosorbent assay (ELISA) kit (Shanghai Enzyme-linked Biotechnology Co., Ltd.). This study was approved by the Ethical Review Board of West China Second University Hospital, Sichuan University.



Statistical Analysis

To obtain a reliable foundation for MR analysis, three prerequisite assumptions must be satisfied (17): (i) the IVs are correlated with exposure; (ii) the IVs affect the outcome only through their effects on exposure; and (iii) the IVs are independent of any confounders for the association between exposure and outcome. The inverse-variance weighted (IVW) method with random effects was used as the primary MR analysis to test the association between systemic inflammatory regulators levels and PCOS. Odds ratios (OR) and 95% confidence intervals (CIs) for PCOS were estimated, and a P < 0.05 was considered as statistically significant. Regarding sensitivity analyses, MR-Egger regression, weighted median (18), simple mode (19) and weighted mode methods were applied. The MR-Egger regression aimed to test the potential pleiotropic bias (20). We also applied the MR-Pleiotropy Residual Sum and Outlier (MR-PRESSO) method to detect and correct the horizontal pleiotropy and potential outliers (21). Heterogeneity was tested for by applying Cochran’s Q test on the IVW and MR-Egger estimates. Moreover, we performed bidirectional MR analysis to test the association between genetically predicted PCOS and systemic inflammatory regulators. MR analyses and sensitivity analyses were performed in R (version 4.0.2) using the TwoSampleMR package (version 0.5.5) and the MRPRESSO package (version 1.0). For laboratory data, continuous variables were expressed as mean ± standard deviation (SD) and student’s t-test was adopted for the comparison between the two groups. Binary logistic regression analyses were used to determine the ORs and the corresponding 95% CIs. For all comparisons, a two-sided p value < 0.05 was considered statistically significant. And statistical analyses were performed using SPSS version 22.0 (IBM, Armonk, NY, USA).




Results


The Association Between Genetically Predicted Systemic Inflammatory Regulators and PCOS

Among the 41 systemic inflammatory regulators, 17 had at least one genome-wide significant SNP, whereas all 41 had at least one SNP when using the higher cut-off (P < 5 × 10–6). All these SNPs were included in the analyses. All F-statistics were above 10, indicating that the results were less likely to be affected by the weak instruments bias.

In the primary MR IVW analyses using 17 systemic inflammatory regulators with SNPs that strongly predicted exposures at the genome-wide significance level (P < 5 × 10–8), our results show that only the stem cell growth factor beta (SCGFb) level is inversely associated with PCOS (OR = 0.752, 95% CI = 0.605 – 0.934, P = 0.010). MR-Egger and MR-PRESSO do not detect potential horizontal pleiotropy for SCGFb (P = 0.516 and P = 0.926, respectively). Heterogeneity is not detected for SCGFb (Cochran P value = 0.838). In the MR analyses using the weighted median method, the SCGFb level remains inversely associated with PCOS (OR = 0.747, 95% CI = 0.576 – 0.970, P = 0.029), and the TNF-related apoptosis-inducing ligand (TRAIL) level is also inversely associated with PCOS (OR = 0.828, 95% CI = 0.708 – 0.968, P = 0.018). Also, other systemic inflammatory regulators, including cutaneous T-cell attracting chemokine (CTACK), growth-regulated protein alpha (GROa), hepatocyte growth factor (HGF), interleukin-12p70 (IL-12p70), interleukin-16 (IL-16), IL-18, IL1ra, interferon gamma-induced protein 10 (IP10), monocyte chemoattractant protein-1 (MCP1), macrophage inflammatory protein 1b (MIP1b), platelet-derived growth factor BB (PDGFbb), regulated on activation, normal T cell expressed and secreted (RANTES), stem cell factor (SCF), tumor necrosis factor beta (TNFb) and VEGF are not significantly associated with PCOS in any analyses (Figure 1 and Supplementary Table S4).




Figure 1 | The association of systemic inflammatory regulators with PCOS using SNPs at the genome-wide significance level (P < 5 × 10–8): the inverse-variance weighted (IVW) method was applied as the primary method for MR analysis. SNP, single nucleotide polymorphism; b, beta coefficient; se, standard error; OR, odds ratio; CI, confidence interval; MR-PRESSO, Mendelian randomization pleiotropy residual sum and outlier; CTACK, cutaneous T-cell attracting chemokine; GROa, growth-regulated protein alpha; HGF, hepatocyte growth factor; IP10, interferon gamma-induced protein 10; IL1ra, interleukin-1-receptor antagonist; IL-12p70, interleukin-12p70; IL-16, interleukin-16; IL-18, interleukin-18; MIP1b, macrophage inflammatory protein 1b; MCP1, monocyte chemoattractant protein-1; PDGFbb, platelet-derived growth factor BB; RANTES, regulated on activation, normal T cell expressed and secreted; SCF, stem cell factor; SCGFb, stem cell growth factor beta; TRAIL, TNF-related apoptosis-inducing ligand; TNFb, tumor necrosis factor beta; VEGF, vascular endothelial growth factor.



When using SNPs with a higher cut-off of significance P < 5 × 10–6, the SCGFb level and interleukin-4 (IL-4) level are inversely associated with PCOS (OR = 0.838, 95% CI = 0.712 – 0.986, P = 0.034 and OR = 0.637, 95% CI = 0.413 – 0.983, P = 0.042, respectively), whereas IL-17 and stromal-cell-derived factor 1 alpha (SDF1a) levels are associated with an increased risk of PCOS (OR = 1.794, 95% CI = 1.150 – 2.801, P = 0.010 and OR = 1.563, 95% CI = 1.055 – 2.315, P = 0.026, respectively) using IVW methods. MR-Egger and MR-PRESSO do not detect potential horizontal pleiotropy for SCGFb (P = 0.245 and P = 0.461, respectively), SDF1a (P = 0.105 and P = 0.055, respectively), IL-4 (P = 0.624 and P = 0.509, respectively) and IL-17 (PMR-PRESSO = 0.968). Also, heterogeneity is not detected for SCGFb (Cochran P value = 0.404), SDF1a (Cochran P value = 0.175), IL-4 (Cochran P value = 0.657) and IL-17 (Cochran P value = 0.983). In MR analyses using the weighted median method, the SCGFb level remains negatively associated with PCOS (OR = 1.879, 95% CI = 1.182 – 2.987, P = 0.008); the SDF1a level remains positively associated with PCOS (OR = 0.768, 95% CI = 0.617 – 0.956, P = 0.018), but the IL-4 level is not significantly associated with PCOS (OR = 0.722, 95% CI = 0.419 – 1.243, P = 0.240). The weighted median method is not suitable for IL-17 due to the limited number of SNPs. In addition, using the weighted median method, the TRAIL level is negatively associated with PCOS (OR = 0.832, 95% CI = 0.711 – 0.974, P = 0.021), and the monokine induced by the gamma interferon (MIG) level is positively associated with PCOS (OR = 1.293, 95% CI = 1.012 – 1.652, P = 0.040). Also, using the simple mode method, the macrophage inflammatory protein 1b (MIP1b) level is inversely related to PCOS (OR = 0.714, 95% CI = 0.517 – 0.986, P = 0.045). Other systemic inflammatory regulators, including beta-nerve growth factor (bNGF), Eotaxin, fibroblast growth factor basic (FGFBasic), granulocyte-colony stimulating factor (GCSF), interferon gamma (IFNg), interleukin-1-beta (IL-1b), interleukin-2 (IL-2), interleukin-2 receptor antagonist (IL2ra), interleukin-5 (IL-5), interleukin-6 (IL-6), interleukin-7 (IL-7), interleukin-8 (IL-8), interleukin-9 (IL-9), interleukin-10 (IL-10), interleukin-13 (IL-13), macrophage colony stimulating factor (MCSF), macrophage inflammatory protein 1a (MIP1a), macrophage migration inhibitory factor (MIF), monocyte chemoattractant protein-3 (MCP3) and tumor necrosis factor alpha (TNFa) are not associated with PCOS in any analyses (Figure 2 and Supplementary Table S5).




Figure 2 | The association of systemic inflammatory regulators with PCOS using SNPs reaching the P < 5 × 10–6 significance level: the inverse-variance weighted (IVW) method was applied as the primary method for MR analysis. SNP, single nucleotide polymorphism; b, beta coefficient; se, standard error; OR, odds ratio; CI, confidence interval; MR-PRESSO, Mendelian randomization pleiotropy residual sum and outlier; bNGF, beta-nerve growth factor; CTACK, cutaneous T-cell attracting chemokine; FGFBasic, fibroblast growth factor basic; GCSF, granulocyte-colony stimulating factor; GROa, growth-regulated protein alpha; HGF, hepatocyte growth factor; IFNg, interferon gamma; IP10, interferon gamma-induced protein 10; IL-1b, interleukin-1-beta; IL1ra, interleukin-1-receptor antagonist; IL-2, interleukin-2; IL2ra, interleukin-2 receptor antagonist; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-7, interleukin-7; IL-8, interleukin-8; IL-9, interleukin-9; IL-10, interleukin-10; IL-12p70, interleukin-12p70; IL-13, interleukin-13; IL-16, interleukin-16; IL-17, interleukin-17; IL-18, interleukin-18; MCSF, macrophage colony stimulating factor; MIP1a, macrophage inflammatory protein 1a; MIP1b, macrophage inflammatory protein 1b; MIF, macrophage migration inhibitory factor; MCP1, monocyte chemoattractant protein-1; MCP3, monocyte chemoattractant protein-3; MIG, monokine induced by gamma interferon; PDGFbb, platelet-derived growth factor BB; RANTES, regulated on activation, normal T cell expressed and secreted; SCF, stem cell factor; SCGFb, stem cell growth factor beta; SDF1a, stromal-cell-derived factor 1 alpha; TRAIL, TNF-related apoptosis-inducing ligand; TNFa, tumor necrosis factor alpha; TNFb, tumor necrosis factor beta; VEGF, vascular endothelial growth factor.





The Association Between Genetically Predicted PCOS and Systemic Inflammatory Regulator Levels

Using ten SNPs as IVs for PCOS, we demonstrated that genetically predicted PCOS is positively associated with IL-2 and VEGF levels through IVW (OR = 1.257, 95% CI = 1.022 – 1.546, P = 0.030 and OR = 1.112, 95% CI = 1.006 – 1.229, P = 0.038, respectively). Heterogeneity was not detected for VEGF (Cochran P value = 0.437) but was found for IL-2 (Cochran P value = 0.026). MR-Egger and MR-PRESSO did not detect potential horizontal pleiotropy for VEGF (P = 0.865 and P = 0.481, respectively). For IL-2, MR-Egger did not detect potential horizontal pleiotropy (P = 0.189), but MR-PRESSO detected pleiotropy (P = 0.033). After removing one outlier SNP (rs11225154), PCOS remained associated with increased IL-2 (OR = 1.199, 95% CI = 1.005 – 1.431, P = 0.044), and heterogeneity was also eliminated (Cochran P value = 0.169). In addition, PCOS was not associated with any other systemic inflammatory regulators in any analyses (Figure 3 and Supplementary Table S6).




Figure 3 | The association of PCOS with systemic inflammatory regulators using Mendelian randomization with SNPs reaching P < 5 × 10–8: the inverse-variance weighted (IVW) method was applied as the primary method for MR analysis. SNP, single nucleotide polymorphism; b, beta coefficient; se, standard error; OR, odds ratio; CI, confidence interval; MR-PRESSO, Mendelian randomization pleiotropy residual sum and outlier; bNGF, beta-nerve growth factor; CTACK, cutaneous T-cell attracting chemokine; FGFBasic, fibroblast growth factor basic; GCSF, granulocyte-colony stimulating factor; GROa, growth-regulated protein alpha; HGF, hepatocyte growth factor; IFNg, interferon gamma; IP10, interferon gamma-induced protein 10; IL-1b, interleukin-1-beta; IL1ra, interleukin-1-receptor antagonist; IL-2, interleukin-2; IL2ra, interleukin-2 receptor antagonist; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-7, interleukin-7; IL-8, interleukin-8; IL-9, interleukin-9; IL-10, interleukin-10; IL-12p70, interleukin-12p70; IL-13, interleukin-13; IL-16, interleukin-16; IL-17, interleukin-17; IL-18, interleukin-18; MCSF, macrophage colony stimulating factor; MIP1a, macrophage inflammatory protein 1a; MIP1b, macrophage inflammatory protein 1b; MIF, macrophage migration inhibitory factor; MCP1, monocyte chemoattractant protein-1; MCP3, monocyte chemoattractant protein-3; MIG, monokine induced by gamma interferon; PDGFbb, platelet-derived growth factor BB; RANTES, regulated on activation, normal T cell expressed and secreted; SCF, stem cell factor; SCGFb, stem cell growth factor beta; SDF1a, stromal-cell-derived factor 1 alpha; TRAIL, TNF-related apoptosis-inducing ligand; TNFa, tumor necrosis factor alpha; TNFb, tumor necrosis factor beta; VEGF, vascular endothelial growth factor.





Differences of Associated Systemic Inflammatory Regulators Levels Between PCOS Group and Control Group

A total of 30 patients were enrolled in this study, 15 in the PCOS group and 15 in the control group. Our findings suggested that PCOS patients had higher level of IL-2, SDF1-a, and VEGF, and lower level of IL-4, IL-17, and SCFGb, but the differences were not statically significant. And in the logistic regression analysis, IL-4 and IL-17 were associated with reduced risk of PCOS but none of the association was statically significant (Supplementary Table S7).




Discussion

In this study, we performed a two-sample MR to determine the association of systemic inflammatory regulators with PCOS using the largest GWAS dataset to date. Our findings suggest that higher levels of IL-17 and SDF1a, as well as lower levels of SCGFb and IL-4, are associated with an increased risk of PCOS. Also, genetically predicted PCOS is related to increased levels of IL-2 and VEGF. To the best of our knowledge, this study is the first MR study that comprehensively evaluates the causal relationship between genetically predicted systemic inflammatory regulators and PCOS, and vice versa. Additionally, the results of MR study were validated by the results of our observational study.

Remarkably, a higher circulating level of IL-17 was found to be related to an increased risk of PCOS (OR = 1.794, 95% CI = 1.150 – 2.801, P = 0.010). IL-17 is a member of the pro-inflammatory cytokines, which are attributed to many inflammation-related diseases (22). A previous study has found that IL-17A (the founding member of the IL-17 family) levels were significantly increased in women with PCOS compared to healthy controls (p < 0.05) and that PCOS can be predicted by IL-17A at a cut-off value of 8.37 pg/mL with 44% sensitivity and 83% specificity in receiver operating characteristics (ROC) curve analysis (23). Another Iranian study found that IL-17A might be related to patients with a predisposition for PCOS because one SNP (rs2275913) was significantly different between the PCOS and control group (24). Thus, our findings are in accordance with previous studies in that a higher level of IL-17 may be involved in the pathogenesis of PCOS. SDF1a was another cytokine associated with a higher risk of PCOS (OR = 1.563, 95% CI = 1.055 – 2.315, P = 0.026). SDF1a, also known as CXCL12, is a chemokine member of the intercrine family and plays an important role in inflammation, angiogenesis, hematopoiesis and embryogenesis due to the activation and/or migration of most leukocytes, endothelial cells, hematopoietic progenitors and stem cells (25). But there are hardly any studies investigating the role of SDF1a in PCOS. Circulating SCGFb was found to be negatively associated with PCOS risk (OR = 0.838, 95% CI = 0.712 – 0.986, P = 0.034). SCGFb is a hematopoietic growth factor that exerts its cellular activity during the early stages of hematopoiesis (26). Nonetheless, our literature review did not find any reports of observational studies on the association between SCGFb and PCOS. The possibility of using SCGFb as a potential biomarker for PCOS may require further study. Our clinical analysis revealed that PCOS patients had higher level of SDF1a and lower level of SCGFb than the control group but the difference was not statistically significant that probably due to the limited sample size. Therefore, further studies are needed to continue investigating the relationship between SDF1a and SCGFb and PCOS. Moreover, our results indicate that IL-4 is inversely associated with the risk for PCOS (OR = 0.637, 95% CI = 0.413 – 0.983, P = 0.042). IL-4, an important type-2 T helper (Th2) type cytokine, plays an essential role in inflammation, antibody production modulation and the development of effector T-cell responses (27). Several studies have explored the relationship between IL-4 and PCOS. One study found that levels of IL-4 in patients with PCOS were significantly lower than those in healthy women, irrespective of BMI (28). Another study investigated the profiles of the type-1 T helper (Th1) (IFNg, IL-2) and Th2 (IL-4, IL-10) cytokines of CD3+CD4+ T lymphocyte subsets in follicular fluid (FF) and discovered that serum levels of IL-4 in patients with PCOS were reduced compared with those of controls (29). Further studies of these systemic inflammatory regulators and PCOS are warranted to explore the mechanisms underpinning these relationships.

Intriguingly, using bidirectional MR analysis, we also found that PCOS may be related to changes in the circulating levels of some cytokines. In our study, PCOS is associated with higher IL-2 and VEGF levels (OR = 1.257, 95% CI = 1.022 – 1.546, P = 0.030 and OR = 1.112, 95% CI = 1.006 – 1.229, P = 0.038, respectively). Although horizontal pleiotropy and heterogeneity were detected, they were diminished after removing an outlier SNP (rs11225154). Additionally, PCOS remained associated with increased IL-2 (OR = 1.199, 95% CI = 1.005 – 1.431, P = 0.044). IL-2, a Th1-type cytokine, participates in maintaining immune homeostasis through regulating regulatory T (Treg) cells, as well as the optimizing and adjusting of effector lymphocyte responses (30). Researchers have investigated the association between PCOS and IL-2 and found that obese PCOS patients have significantly increased levels of IL-2 in both serum and FF compared to healthy controls (29, 31). They have also found that PCOS patients exhibit decreased levels of Treg cells due to an inherent hypo-responsiveness to IL-2 (32). VEGF, known as endothelial cell mitogen, is an angiogenic growth factor that also leads to increased vascular permeability, expansion and sprouting (33). A previous systematic review indicated that circulating levels of VEGF were increased in PCOS patients, and the immunohistochemical (IHC) staining of VEGF in the ovarian theca and stroma of a polycystic ovary (PCO) were strong (34). Another review also concluded that PCOS patients had elevated levels of VEGF along with mild, chronic inflammation (35). Together with the results of our clinical analysis, we provide evidence for the increased levels of circulating IL-2 and VEGF in women with PCOS, but further studies are needed to fully understand the underlying molecular pathways.

The main strength of our study is that we adopted the MR method to investigate the association between systematic inflammatory regulators and PCOS. Therefore, our findings are less likely to be affected by inverse causality and potential confounding factors. Also, we extracted the SNPs of systemic inflammatory regulators and PCOS using the largest GWAS dataset to date. Additionally, the GWAS data on systematic inflammatory regulators were adjusted for body mass index, thus the bias was minimized. And we also validated the MR results by a clinical cohort. Our study also has, however, several limitations. First, we used a cut-off at a significance of P < 5 × 10–6 to extract SNPs from the GWAS data on systematic inflammatory regulators because only 17 had at least one genome-wide significant SNP when using P < 5 × 10–8 as the cut-off value; all 41 had at least one SNP when using the higher cut-off. Also, the finding for TNFb was based on a single SNP, and those of several cytokines, such as IL-1b, IL1ra, IL-5, IL-6, IL-10, IL-17, MCP3, MCSF, MIF and TNFa were based on two SNPs, which might have resulted in lower precision. Additionally, as the GWAS data on systemic inflammatory regulators did not provide the effect allele frequency (EAF), we were unable to identify palindromic SNPs to confirm whether the SNPs were aligned in the same direction for exposure and outcome. We did, however, apply MR-Egger and MR-PRESSO analyses to test for horizontal pleiotropy. Another problem is that the present MR study was entirely based on European ancestry, thus it is unclear whether our findings are still applicable to other races or regions. Moreover, since the relevant data of each PCOS phenotype was not available, we only explored the associations between systemic inflammatory regulators and the risk of PCOS, and we failed to stratify our results according to the different phenotypes of PCOS. Also we were not able to detect the significant difference of the expression of associated systematic inflammatory regulator between PCOS group and control group due to the limited sample size of our clinical study. Further studies focused on the association of cytokines and growth factors with PCOS are still needed.

In conclusion, using a two-sample MR approach, we provided evidence that higher genetically predicted circulating levels of IL-17 and SDF1a, as well as lower levels of SCGFb and IL-4, are associated with an increased risk of PCOS. Moreover, genetically predicted PCOS was found to be causally associated with increased levels of IL-2 and VEGF. Our results demonstrate the crucial role of cytokines in the pathogenesis of PCOS. Further studies are warranted to evaluate the possibility of these biomarkers as targets for PCOS prevention and treatment.



Data Availability Statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.ebi.ac.uk/gwas/publications/27989323.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethical Review Board of West China Second University Hospital, Sichuan University. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

Conceptualization: LQ, YW, HC and YZ. Data curation and formal analysis: RG and KC. Funding acquisition: LQ. Software and visualization: HC, YZ and YT. Supervision: SL, WX and YY. Writing of the original draft: HC and YZ. Review and editing: LQ and YW. HC and YZ verified the underlying data. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Sichuan Science and Technology Program [2020YFS0127] and was a Research Project of the Science & Technology Department of Sichuan Province (YZ, Grant No. 2021YJ0416). This work was also supported by the National Natural Science Foundation of China (YZ, Grant No. 82001496) and the China Postdoctoral Science Foundation (YZ, Grant No. 2020M680149, 2020T130087ZX).



Acknowledgments

The authors thank all contributors for sharing the data involved in this study. Genetic variants associated with PCOS were obtained from the GWAS meta-analysis conducted by Day F. and colleagues. Summary-level data for 41 systematic inflammatory regulators were acquired from the GWAS conducted by Ahola-Olli A. V. and colleagues. The authors also thank Sheyu Li from the Department of Endocrinology and Metabolism of West China Hospital, Sichuan University, Chengdu, China.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2021.731569/full#supplementary-material



References

1. Abbott, DH, and Dumesic, DA. Passing on PCOS: New Insights Into Its Epigenetic Transmission. Cell Metab (2021) 33(3):463–6. doi: 10.1016/j.cmet.2021.02.008

2. Azziz, R, Carmina, E, Chen, Z, Dunaif, A, Laven, JS, Legro, RS, et al. Polycystic Ovary Syndrome. Nat Rev Dis Primers (2016) 2:16057. doi: 10.1038/nrdp.2016.57

3. Escobar-Morreale, HF. Polycystic Ovary Syndrome: Definition, Aetiology, Diagnosis and Treatment. Nat Rev Endocrinol (2018) 14(5):270–84. doi: 10.1038/nrendo.2018.24

4. Teede, H, Misso, M, Tassone, EC, Dewailly, D, Ng, EH, Azziz, R, et al. Anti-Müllerian Hormone in PCOS: A Review Informing International Guidelines. Trends Endocrinol Metab (2019) 30(7):467–78. doi: 10.1016/j.tem.2019.04.006

5. Qin, L, Chen, J, Tang, L, Zuo, T, Chen, H, Gao, R, et al. Significant Role of Dicer and miR-223 in Adipose Tissue of Polycystic Ovary Syndrome Patients. BioMed Res Int (2019) 2019:9193236. doi: 10.1155/2019/9193236

6. Rostamtabar, M, Esmaeilzadeh, S, Tourani, M, Rahmani, A, Baee, M, Shirafkan, F, et al. Pathophysiological Roles of Chronic Low-Grade Inflammation Mediators in Polycystic Ovary Syndrome. J Cell Physiol (2021) 236(2):824–38. doi: 10.1002/jcp.29912

7. Kuang, H, Duan, Y, Li, D, Xu, Y, Ai, W, Li, W, et al. The Role of Serum Inflammatory Cytokines and Berberine in the Insulin Signaling Pathway Among Women With Polycystic Ovary Syndrome. PloS One (2020) 15(8):e0235404. doi: 10.1371/journal.pone.0235404

8. Li, Y, Fang, L, Yu, Y, Shi, H, Wang, S, Li, Y, et al. Association Between Vascular Endothelial Growth Factor Gene Polymorphisms and PCOS Risk: A Meta-Analysis. Reprod BioMed Online (2020) 40(2):287–95. doi: 10.1016/j.rbmo.2019.10.018

9. Miller, I, Bar-Joseph, H, Nemerovsky, L, Ben-Ami, I, and Shalgi, R. Pigment Epithelium-Derived Factor (PEDF) Negates Hyperandrogenic PCOS Features. J Endocrinol (2020) 245(2):291–300. doi: 10.1530/joe-19-0603

10. Gateva, A, Tsakova, A, Hristova, J, and Kamenov, Z. Fibroblast Growth Factor 23 and 25(OH)D Levels Are Related to Abdominal Obesity and Cardiovascular Risk in Patients With Polycystic Ovarian Syndrome. Gynecol Endocrinol (2020) 36(5):402–5. doi: 10.1080/09513590.2019.1689550

11. González, F, Mather, KJ, Considine, RV, Abdelhadi, OA, and Acton, AJ. Salicylate Administration Suppresses the Inflammatory Response to Nutrients and Improves Ovarian Function in Polycystic Ovary Syndrome. Am J Physiol Endocrinol Metab (2020) 319(4):E744–52. doi: 10.1152/ajpendo.00228.2020

12. van der Laan, SW, Fall, T, Soumaré, A, Teumer, A, Sedaghat, S, Baumert, J, et al. Cystatin C and Cardiovascular Disease: A Mendelian Randomization Study. J Am Coll Cardiol (2016) 68(9):934–45. doi: 10.1016/j.jacc.2016.05.092

13. Ahola-Olli, AV, Würtz, P, Havulinna, AS, Aalto, K, Pitkänen, N, Lehtimäki, T, et al. Genome-Wide Association Study Identifies 27 Loci Influencing Concentrations of Circulating Cytokines and Growth Factors. Am J Hum Genet (2017) 100(1):40–50. doi: 10.1016/j.ajhg.2016.11.007

14. Day, F, Karaderi, T, Jones, MR, Meun, C, He, C, Drong, A, et al. Large-Scale Genome-Wide Meta-Analysis of Polycystic Ovary Syndrome Suggests Shared Genetic Architecture for Different Diagnosis Criteria. PloS Genet (2018) 14(12):e1007813. doi: 10.1371/journal.pgen.1007813

15. Bowden, J, Del Greco, MF, Minelli, C, Davey Smith, G, Sheehan, NA, and Thompson, JR. Assessing the Suitability of Summary Data for Two-Sample Mendelian Randomization Analyses Using MR-Egger Regression: The Role of the I2 Statistic. Int J Epidemiol (2016) 45(6):1961–74. doi: 10.1093/ije/dyw220

16. Burgess, S, and Thompson, SG. Avoiding Bias From Weak Instruments in Mendelian Randomization Studies. Int J Epidemiol (2011) 40(3):755–64. doi: 10.1093/ije/dyr036

17. VanderWeele, TJ, Tchetgen Tchetgen, EJ, Cornelis, M, and Kraft, P. Methodological Challenges in Mendelian Randomization. Epidemiology (2014) 25(3):427–35. doi: 10.1097/EDE.0000000000000081

18. Bowden, J, Davey Smith, G, Haycock, PC, and Burgess, S. Consistent Estimation in Mendelian Randomization With Some Invalid Instruments Using a Weighted Median Estimator. Genet Epidemiol (2016) 40(4):304–14. doi: 10.1002/gepi.21965

19. Hartwig, FP, Davey Smith, G, and Bowden, J. Robust Inference in Summary Data Mendelian Randomization via the Zero Modal Pleiotropy Assumption. Int J Epidemiol (2017) 46(6):1985–98. doi: 10.1093/ije/dyx102

20. Bowden, J, Davey Smith, G, and Burgess, S. Mendelian Randomization With Invalid Instruments: Effect Estimation and Bias Detection Through Egger Regression. Int J Epidemiol (2015) 44(2):512–25. doi: 10.1093/ije/dyv080

21. Verbanck, M, Chen, CY, Neale, B, and Do, R. Detection of Widespread Horizontal Pleiotropy in Causal Relationships Inferred From Mendelian Randomization Between Complex Traits and Diseases. Nat Genet (2018) 50(5):693–8. doi: 10.1038/s41588-018-0099-7

22. Yang, Z-Y, and Yuan, C-X. IL-17A Promotes the Neuroinflammation and Cognitive Function in Sevoflurane Anesthetized Aged Rats via Activation of NF-κb Signaling Pathway. BMC Anesthesiol (2018) 18(1):147–. doi: 10.1186/s12871-018-0607-4

23. Karakose, M, Demircan, K, Tutal, E, Demirci, T, Arslan, MS, Sahin, M, et al. Clinical Significance of ADAMTS1, ADAMTS5, ADAMTS9 Aggrecanases and IL-17a, IL-23, IL-33 Cytokines in Polycystic Ovary Syndrome. J Endocrinol Invest (2016) 39(11):1269–75. doi: 10.1007/s40618-016-0472-2

24. Hesampour, F, Namavar Jahromi, B, Tahmasebi, F, and Gharesi-Fard, B. Association Between Interleukin-32 and Interleukin-17a Single Nucleotide Polymorphisms and Serum Levels With Polycystic Ovary Syndrome. Iran J Allergy Asthma Immunol (2019) 18(1):91–9. doi: 10.18502/ijaai.v18i1.634

25. Janssens, R, Struyf, S, and Proost, P. The Unique Structural and Functional Features of CXCL12. Cell Mol Immunol (2018) 15(4):299–311. doi: 10.1038/cmi.2017.107

26. Amsallem, M, Sweatt, AJ, Arthur Ataam, J, Mercier, O, Lecerf, F, Rucker-Martin, C, et al. Targeted Immune and Growth Factor Proteomics of Right Heart Adaptation to Pulmonary Arterial Hypertension Reveals a Potential Role of the Hepatic Growth Factor. J Heart Lung Transplant (2020) 39(4, Supplement):S17. doi: 10.1016/j.healun.2020.01.1141

27. Brown, MA, and Hural, J. Functions of IL-4 and Control of Its Expression. Crit Rev Immunol (2017) 37(2-6):181–212. doi: 10.1615/CritRevImmunol.v37.i2-6.30

28. Benson, S, Janssen, OE, Hahn, S, Tan, S, Dietz, T, Mann, K, et al. Obesity, Depression, and Chronic Low-Grade Inflammation in Women With Polycystic Ovary Syndrome. Brain Behav Immun (2008) 22(2):177–84. doi: 10.1016/j.bbi.2007.07.003

29. Qin, L, Xu, W, Li, X, Meng, W, Hu, L, Luo, Z, et al. Differential Expression Profile of Immunological Cytokines in Local Ovary in Patients With Polycystic Ovarian Syndrome: Analysis by Flow Cytometry. Eur J Obstet Gynecol Reprod Biol (2016) 197:136–41. doi: 10.1016/j.ejogrb.2015.12.003

30. Arenas-Ramirez, N, Woytschak, J, and Boyman, O. Interleukin-2: Biology, Design and Application. Trends Immunol (2015) 36(12):763–77. doi: 10.1016/j.it.2015.10.003

31. Šimková, M, Vítků, J, Kolátorová, L, Vrbíková, J, Vosátková, M, Včelák, J, et al. Endocrine Disruptors, Obesity, and Cytokines - How Relevant are They to PCOS? Physiol Res (2020) 69(Suppl 2):S279–93. doi: 10.33549/physiolres.934521

32. Krishna, MB, Joseph, A, Subramaniam, AG, Gupta, A, Pillai, SM, and Laloraya, M. Reduced Tregs in Peripheral Blood of PCOS Patients - A Consequence of Aberrant Il2 Signaling. J Clin Endocrinol Metab (2015) 100(1):282–92. doi: 10.1210/jc.2014-2401

33. Vandoorne, K, Addadi, Y, and Neeman, M. Visualizing Vascular Permeability and Lymphatic Drainage Using Labeled Serum Albumin. Angiogenesis (2010) 13(2):75–85. doi: 10.1007/s10456-010-9170-4

34. Peitsidis, P, and Agrawal, R. Role of Vascular Endothelial Growth Factor in Women With PCO and PCOS: A Systematic Review. Reprod BioMed Online (2010) 20(4):444–52. doi: 10.1016/j.rbmo.2010.01.007

35. Dambala, K, Paschou, SA, Michopoulos, A, Siasos, G, Goulis, DG, Vavilis, D, et al. Biomarkers of Endothelial Dysfunction in Women With Polycystic Ovary Syndrome. Angiology (2019) 70(9):797–801. doi: 10.1177/0003319719840091




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Chen, Zhang, Li, Tao, Gao, Xu, Yang, Cheng, Wang and Qin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-12-731569-g003.jpg
Outcomes nSNP b
bNGF 10 0.028
CTACK 10 0.104
Eotaxin 10 -0.032
FGFBasic 10 0.019
GCSF 10 0.004
GROa 10 0.030
HGF 10 0.105
IFNg 10 -0.023
IP10 10 0.105
IL-1b 10 0.018
IL1ra 10 0.088
IL-2 10 0.229
IL2ra 10 -0.069
IL-4 10 0.045
IL-5 10 0.004
IL-6 10 0.075
IL-7 10 0.097
IL-8 10 0.051
IL-9 10 -0.077

IL-10 10 0.075
IL-12p70 10 0.077
IL-13 10 0.062
IL-16 10 0.078
IL-17 10 0.025
IL-18 10 0.001
MCSF 10 -0.043
MIP1a 10 0.142
MIPib 10 0.019

MIF 10 0.012
MCP1 10 0.079
MCP3 10 0.040
MIG 10 0.050
PDGFbb 10 0.092
RANTES 10 0.060
SCF 10 -0.011
SCGFb 10 0.093

SDF1a 10 0.028
TRAIL 10 -0.001
TNFa 10 0.049
TNFb 9 -0.064
VEGF 10 0.106

se
0.079

0.071
0.048
0.049
0.049
0.073
0.059
0.051
0.071
0.057
0.071
0.106
0.071
0.049
0.074
0.048
0.080
0.078
0.095
0.072
0.049
0.072
0.088
0.055
0.124
0.087
0.076
0.064
0.073
0.057
0.131
0.077
0.049
0.075
0.047
0.078
0.060
0.076
0.073
0.114
0.051

1

—_—l1.257

_

The estimates

OR (95% Cl) P
1.029 (0.881 - 1.201 ) 0.720
1.110 (0.965 - 1.276 ) 0.144
0.968 (0.882 - 1.063 ) 0.499
1.019 (0.925 - 1.122) 0.705
1.004 (0.912-1.104 ) 0.942
1.030 (0.894 - 1.188) 0.681
1.111 (0.990 - 1.246 ) 0.073
0.978 (0.885 - 1.080 ) 0.658
1.111 (0.967 - 1.276 ) 0.137
1.019 (0.912- 1.138) 0.744
1.092 (0.950 - 1.255) 0.217
1.022 - 1.546 ) 0.030
0.812-1.073) 0.335
0.951 - 1.151) 0.357
0.868 - 1.161 ) 0.957
0.981-1.183) 0.118
0.942 - 1.289) 0.226
0.904 - 1.226) 0.511
0.926 (0.769 - 1.115) 0.417
1.078 (0.936 - 1.242) 0.296
1.080 (0.981 - 1.188) 0.116

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(
(
(
(
(
(
(
(
(
(
(
0.934 (
(

(

(

(

(

(

(

(

1.064 ( 0.924 - 1.226 ) 0.389

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

1.046
1.004
1.077
1.102
1.053

1.081 (0.910-1.284 ) 0.374
1.025 (0.921 - 1.141
1.001 (0.786 - 1.276
0.958 ( 0.808 - 1.136
1.1563 (0.993 - 1.339
1.019 (0.899 - 1.154
1.012 (0.878 - 1.167
1.082 (0.968 - 1.211
1.041 ( 0.805 - 1.346
1.051 ( 0.905 - 1.222
1.096 ( 0.995 - 1.207
1.062 (0.917 - 1.230
0.989 (0.902 - 1.085
1.098 (0.942 - 1.280
1.028 (0.915-1.156
0.999 ( 0.860 - 1.161
1.050 (0.910 - 1.212
0.938 (0.751-1.172
1.112 ( 1.006 - 1.229

0.651
0.994
0.622
0.062
0.771
0.868
0.166
0.759
0.514
0.063
0.423
0.820
0.232
0.639
0.994
0.502
0.572
0.038





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/fendo-12-731569-g001.jpg
Outcomes NnSNP b
CTACK 3 0.022
GROa 4 0.009
HGF 2 0.091
IP10 1 0.170

IL1ra 1 0.599

IL-12p70 1 -0.350

IL-16 1 0.184

IL-18 3 0.037

MIP1b 32 -0.015

MCP1 3 0.004

PDGFbb 5 -0.007

RANTES 1 0.392

SCF 1 -0.383

SCGFb 4 -0.285

TRAIL 15 -0.142

TNFb 1 -0.094

VEGF 9 0.097

se

0.084
0.099
0.289
0.224
0.354
0.361

0.214
0.186
0.051

0.270
0.199
0.266
0.333
0.111

0.085
0.127
0.172

0.5

1.5

2
The estimates

25

3.5

OR (95% Cl) P
1.022 (0.867 - 1.204 ) 0.796
1.009 ( 0.832 - 1.224 ) 0.927
1.095 (0.621 - 1.932) 0.753
1.185 (0.764 - 1.838 ) 0.448
1.821 (0.910 - 3.644 ) 0.091
0.705 ( 0.348 - 1.429 ) 0.332
1.202 (0.791 - 1.828 ) 0.389
1.038 (0.721 - 1.494 ) 0.841
0.985 (0.891 - 1.089) 0.767
1.004 (0.592 - 1.703 ) 0.989
0.993 (0.672 - 1.467 ) 0.973
1.481 (0.880 - 2.492) 0.140
0.682 ( 0.355 - 1.309 ) 0.250
0.752 ( 0.605 - 0.934 ) 0.010
0.867 (0.735 - 1.024 ) 0.092
0.910 (0.710 - 1.166 ) 0.456
1.101 (0.787 - 1.541) 0.573





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Association Between Genetically Predicted Systemic Inflammatory Regulators and Polycystic Ovary Syndrome: A Mendelian Randomization Study

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            The Genetic Association Between Systemic Inflammatory Regulators and PCOS

          



          		

            The Selection of Genetic Instruments

          



          		

            The Expression Level of Associated Systematic Inflammatory Regulators in Clinical Participants

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            The Association Between Genetically Predicted Systemic Inflammatory Regulators and PCOS

          



          		

            The Association Between Genetically Predicted PCOS and Systemic Inflammatory Regulator Levels

          



          		

            Differences of Associated Systemic Inflammatory Regulators Levels Between PCOS Group and Control Group

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-12-731569-g002.jpg
Outcomes nSNP b se OR (95% Cl) P

bNGF 5 -0.181 0.187 0.834 (0.578 - 1.204 ) 0.333
CTACK 8 0.054 0.089 1.056 ( 0.887 - 1.256 ) 0.542
Eotaxin 15 0.012 0.141 1.012 (0.768 - 1.335) 0.930
FGFBasic 3 0.155 0.303 1.167 (0.645 - 2.114) 0.610
GCSF 3 -0.262 0.340 0.769 ( 0.396 - 1.497 ) 0.440
GROa 6 -0.211 0.115 0.809 (0.646 - 1.015) 0.067
HGF 8 0.042 0.143 1.043 (0.787 - 1.380 ) 0.771
IFNg 4 0.170 0.285 1.185 (0.677 - 2.072 ) 0.552
IP10 7 -0.044 0.144 0.957 (0.722 - 1.269 ) 0.761
IL-1b 2 -0.466 0.303 0.627 (0.346 - 1.137 ) 0.124
IL1ra 2 -0.293 0.216 0.746 (0.489 - 1.139) 0.174
IL-2 7 -0.179 0.126 0.836 (0.653 - 1.071) 0.156
IL2ra 6 -0.152 0.196 0.859 ( 0.585 - 1.261 ) 0.439
IL-4 3 -0.451 0.222 +—— 0.637 (0.413 - 0.983 ) 0.042
IL-5 2 -0.435 0.224 0.647 (0.418 - 1.003 ) 0.052
IL-6 2 0.370 0.263 1.447 (0.863 - 2.425) 0.161
IL-7 8 -0.184 0.139 0.832 (0.633 - 1.093 ) 0.187
IL-8 3 0.049 0.154 1.050 (0.777 - 1.419) 0.751
IL-9 3 -0.052 0.175 0.949 (0.673 - 1.338 ) 0.765
IL-10 2 -0.273 0.280 0.761 (0.440 - 1.317 ) 0.329
IL-12p70 3 -0.121 0.358 0.886 (0.439 - 1.787 ) 0.735
IL-13 8 0.038 0.150 1.039 (0.774 - 1.395) 0.798
IL-16 7 0.045 0.119 1.046 (0.829 - 1.321) 0.702
IL-17 2 0.585 0.227 —————————————— 1.794(1.150 - 2.801) 0.010
IL-18 10 -0.009 0.096 0.991 (0.821 - 1.196 ) 0.924
MCSF 2 0.323 0.195 1.381 (0.943 - 2.023 ) 0.097
MIPia 5 -0.112 0.228 0.894 (0.572 - 1.397 ) 0.623
MIP1b 67 0.032 0.049 1.033 (0.939 - 1.136) 0.510
MIF 2 0.007 0.215 1.007 ( 0.661 - 1.536 ) 0.973
MCP1 12 0.116 0.122 1.123 (0.885 - 1.427 ) 0.340
MCP3 2 0.055 0.217 1.056 ( 0.691 - 1.616) 0.801
MIG 10 0.178 0.117 1.195 (0.949 - 1.504 ) 0.130
PDGFbb 11 -0.003 0.154 0.997 (0.736 - 1.349 ) 0.984
RANTES 9 -0.112 0.097 0.894 (0.739 - 1.082) 0.251
SCF 5 -0.309 0.168 0.734 (0.528 - 1.021 ) 0.066
SCGFb 12 -0.176 0.083 0.838 (0.712 - 0.986 ) 0.034
SDFia 8 0.446 0.200 —_— 1.563 (1.055 - 2.315) 0.026
TRAIL 23 -0.132 0.068 0.877 (0.767 - 1.003 ) 0.055
TNFa 2 0.167 0.157 1.181 (0.869 - 1.605 ) 0.287
TNFb 1 -0.094 0.127 0.910 (0.710 - 1.166 ) 0.456
VEGF 22 -0.103 0.090 0.902 ( 0.757 - 1.076 ) 0.254

0.5 1 15 2 25 3
The estimates





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2021.731569_cover.jpg
’ frontlers
n Endocrinology

The Association Between Genetically
Predicted Systemic Inflammatory
Regulators and Polycystic Ovary

Syndrome: A Mendelian
Randomization Study





