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Aim: High serum uric acid (UA) levels have been linked to cancer development through chronic inflammation and oxidative damage. 
Traditional epidemiological studies have shown inconsistent results regarding the relationship between uric acid and gynecological 
cancers. This study uses Mendelian randomization (MR) to explore the potential association between serum UA levels and various 
gynecological cancers.
Methods: In this two-sample MR study, summary statistical data of the genome-wide association studies (GWASs) on serum UA 
levels were extracted from the UK Biobank (UKB), and those on gynecological cancers were obtained from the FinnGen consortium, 
the Epidemiology of Endometrial Cancer Consortium (E2C2), and the Ovarian Cancer Association Consortium (OCAC). Inverse 
variance weighted (IVW), weighted median, MR-Egger, weighted mode, MR-Pleiotropy RESidual Sum and Outlier (MR-PRESSO), 
and MR-Radial methods were utilized to investigate the bidirectional causal associations of serum UA levels with gynecological 
cancers. The evaluation indexes were odds ratios (ORs) and confidence intervals (CIs). Tests for horizontal pleiotropism and 
heterogeneity of instrumental variables (IVs) were performed, respectively using MR-Egger test and Cochran’s Q statistics. In 
addition, leave-one-out and MR scatter plots were employed for sensitivity analyses.
Results: IVW estimates suggested that serum UA levels elevated 1 unit had a potential causal association with higher odds of both 
cervical cancer (CC) (OR=1.147, 95% CI: 1.020–1.290) and invasive mucinous ovarian cancer (IMOC) (OR=1.199, 95% CI: 
1.033–1.393). Also, endometrial carcinoma (EC) had a potential causal association with it (OR=1.012, 95% CI: 1.000–1.024). 
Additionally, sensitivity analyses showed the potential causal associations between UA and CC/IMOC were relatively robust.
Conclusion: An elevated serum UA level had potential associations with CC and IMOC, whereas patients with EC should pay 
attention to it in clinical practice, which may reduce the potential risk of gynecological cancers. However, further evidence is needed to 
clarify the true relationships between UA and gynecological cancers.
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Introduction
Gynecological cancers, including ovarian cancer (OC), cervical cancer (CC), and endometrial cancer (EC), pose 
a significant health challenge on a global scale.1 According to the estimates of GLOBOCAN 20202 on cancer incidence 
and mortality, out of the roughly 19.3 million new cancer cases and nearly 10 million cancer-related deaths worldwide in 
2020, these three types of cancer make up approximately 7% of both new cases and deaths.2 Ovarian cancer is one of the 
most common cancers affecting women globally and has the highest mortality rate among all reproductive system 
cancers.3 Gynecological cancers pose a serious risk to women’s health. More research is focused on finding specific 
biomarkers and developing effective treatment methods for early detection and monitoring of the disease. The goal is to 
improve patient survival rates by better understanding of the causes and early warning signs of these cancers.
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In addition to genetic susceptibility, metabolism-related factors are modifiable and influence cancer risk.4 Uric acid 
(UA) is the end product of purine metabolism in human, and both endogenous and exogenous purines are degraded to 
UA by xanthine oxidase. Serum UA has been considered as a substitute marker for metabolic disorders.5 Existing 
evidence suggests that high serum UA levels may contribute to the development of cancer through inducing chronic 
inflammation and increasing the production of reactive oxygen species (ROS).6 A previous cohort study found that high 
serum UA levels are positively associated with the risk of gynecological cancer but negatively associated with that of 
breast cancer (BC).7 A case-control study showed that hyperuricemia is an important factor in differentiating endometrial 
carcinoma (EC) from endometrial hyperplasia.8 It was suggested that uric acid levels may play a role in the diagnosis, 
severity assessment, and prognosis of various types of tumor, including gynecological cancers.9 At present, because of 
varieties in study design, data handling, and technical methods, conclusions on association between UA and cancer, 
based on observational studies, are still inconsistent. In addition, traditional epidemiological studies are susceptible to 
confounding factors and causal inversion, thus the true association of serum UA levels with the risk of gynecological 
cancer is unclear.

Mendelian randomization (MR), which exploits the single nucleotide polymorphisms (SNPs) as unconfounded 
instrumental variants (IVs), has been widely applied to investigate causal relationships of exposures with diseases.10 

Due to Mendel’s law of separation and independent classification, it allows for a more comprehensive examination of 
cause and effect relationships compared to traditional observational studies, while also reducing the impact of bias caused 
by external factors.11,12 Meanwhile, MR is less susceptible to bias caused by reversed causation because the genetic code 
is not influenced by environmental factors or preclinical diseases. So far, the MR method has been utilized to explore the 
causal association between UA and the risk of BC, prostate cancer, and other cancers, and also found that UA has 
a significant positive correlation with the overall risk of cancer.13–15 Nevertheless, no study has discussed causal 
association of serum UA level with gynecological cancer on the basis of MR.
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Herein, this two-sample MR study aims to investigate causal associations of serum UA levels with different 
gynecological cancers: OC, EC, corpus uteri cancer (CUca), and CC. OC included endometrioid carcinomas of ovary 
(ENOC), epithelial ovarian cancer (EOC), invasive mucinous ovarian cancer (IMOC), clear cell ovarian cancer (CCOC), 
low grade serous ovarian cancer (LGSOC), and high grade serous ovarian cancer (HGSOC). We analyzed the possible 
reversed causal associations in order to provide some evidence-based foundation for the prevention and treatment of 
gynecological cancers and risk stratification management.

Methods
Data Sources
In this two-sample MR analysis, summarized data of UA and gynecological cancers were extracted from the 
genome-wide association studies (GWASs). Table 1 shows the data source of study variables. In brief, serum UA 
level data (437,354 samples) were obtained from the UK Biobank (UKB), with the unit of measurement μmol/L. 
More details are shown elsewhere: https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=30880. The study involved 
participants from diverse origins. EC data were collected by an expanded GWAS meta-analysis of 13 studies of 
endometrial cancer, the Epidemiology of Endometrial Cancer Consortium (E2C2)16 of 45 separate studies, and the 
UKB, and contained 12,906 cases and 108,979 controls. CC, CUca, and ENOC data were mainly accessed from the 
FinnGen consortium (https://www.finngen.fi/en/access_results). In addition, EOC data were extracted from the 
Ovarian Cancer Association Consortium (OCAC), and EOC with five major histotypes: HGSOC, LGSOC, MOC, 
ENOC, and CCOC.17

Data from the involved GWASs are de-identified and fully open access. Informed consent from all the participants has 
been obtained. Since these GWASs have obtained ethical approval by the respective institutions, ethical approval has 
been waived by Ruijin Hospital, School of Medicine, Shanghai Jiao Tong University.

Single Nucleotide Polymorphisms Selection
Potential IVs were SNPs significantly associated with serum UA levels, with the selected threshold of P<5.0×10−8, and 
those with linkage disequilibrium (LD) need to be removed (LD threshold was r2 =0.001 and clumping distance of 
10,000 kb). Also, SNPs being palindromic with intermediate allele frequencies should be deleted according to the MR 

Table 1 Data Source of Study Exposure and Outcomes

Variables Data Source Sample Size IEU Open GWAS ID PMID

Cases Controls

Exposures

Serum UA levels UKB 437,354 ebi-a-GCST90025965 34594039

Outcomes
CC FinnGen 369 167,189 C3_CERVIX_UTERI_EXALLC

CUca FinnGen 1967 167,189 C3_CORPUS_UTERI_EXALLC

ENOC FinnGen 222 167,189 C3_OVARY_ENDOMETROID_EXALLC
EC ECAC, E2C2, and UKB 12,906 108,979 ebi-a-GCST006464 30093612

EOC OCAC 25,509 40,941 ieu-a-1234 28346442

IMOC OCAC 1417 40,941 ieu-a-1123 28346442
CCOC OCAC 1366 40,941 ieu-a-1124 28346442

LGSOC OCAC 1012 40,941 ieu-a-1122 28346442

HGSOC OCAC 13,037 40,941 ieu-a-1236 28346442

Abbreviations: UA, uric acid; UKB, UK Biobank; CC, cervical cancer; CUca, corpus uteri cancer; ENOC, endometrioid carcinomas of ovary; EC, 
endometrial carcinoma; EOC, epithelial ovarian cancer; IMOC, invasive mucinous ovarian cancer; CCOC, clear cell ovarian cancer; LGSOC, low 
grade serous ovarian cancer; HGSOC, high grade serous ovarian cancer; ECAC, the Endometrial Cancer Association Consortium; E2C2, the 
Epidemiology of Endometrial Cancer Consortium; OCAC, the Ovarian Cancer Association Consortium.
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principle that to ensure a same allele corresponds the effects between SNPs and the exposure, and that on the outcome. In 
addition, MR-Egger regression test, as one of the MR methods, was utilized to monitor potential horizontal pleiotropy 
effect, namely the confounding effect resulting from other diseases, which may violate the second assumption in MR 
analysis, and significant intercept item of MR-Egger represents the existence of pleiotropy (P<0.05).

The Assumptions of MR Analysis
MR study must conform to three assumptions to minimize the impact of bias on the results. The primary approach 
utilized was the IVW, selected for its ability to offer more cautious and dependable estimates in specific circumstances 
when compared to alternative methods.18 The other methods were used for validation purposes to confirm the reliability 
of the results. Firstly, IVs should be independent of confounders associated with exposures and outcomes. Secondly, IVs 
must be significantly linked to exposure, and the association strength was estimated via the following formulas: r2 = 2 × 
EAF × (1-EAF) × b × b / SE2; F = ((N - K - 1) / K) × (r2 / (1 - r2)), in which EAF represents effect allele frequency, b is 
the regression coefficient for serum UA levels and IVs, SE means standard error, K is the number of IVs, and N is sample 
size. When F<10, a weak association of IVs with exposure is recognized. Last, IVs only affect outcomes through 
exposures; this means no horizontal pleiotropy effect of IVs on outcome.

Statistical Analysis
Inverse variance weighted (IVW), weighted-median, MR-Egger,19 weighted mode,20 MR-Pleiotropy RESidual Sum and 
Outlier (MR-PRESSO), and MR-Radial21 methods were utilized to calculate causal effect values between serum UA 
levels and gynecological cancers. Specifically, IVW is the primary method to obtain unbiased estimates when horizontal 
pleiotropy was absent. Weighted-median can provide a relatively robust and consistent estimate of the causal effect, even 
if approximately 50% of genetic variants were invalid instruments. MR-Egger regression estimates generally exhibited 
low precision and might be influenced by outlying genetic variants. Weighted mode, which is also named the mode-based 
estimate (MBE), requires that the most common causal effect estimate is a consistent estimate of the true causal effect, 
even if the majority of instruments are invalid. In addition, MR-PRESSO analyses and MR-Radial detect and attempt to 
reduce horizontal pleiotropy by removing significant outliers. The effect size was expressed by odds ratios (ORs) with 
95% confidence intervals (CIs). P<0.05 represents the statistical significance of evidence for potential causal effect. Test 
for heterogeneity used Cochran's Q test, IVs with P<0.05 were recognized heterogeneous.22 Furthermore, we conducted 
a “leave-one-out” analysis to evaluate the reliability of the findings. This involved systematically excluding one SNP at 
a time to determine if any individual SNP significantly influenced the conclusions regarding causal relationships.23 The 
statistical analyses were performed using R version 4.2.0 (Institute for Statistics and Mathematics, Vienna, Austria) with 
R package “TwoSampleMR”.

Results
Instrumental Variables Selection
Figure 1 is the flowchart of the study process. Table 2 shows the selection of IVs and tests on horizontal pleiotropy, 
heterogeneity, and strength. We initially identified 6933 SNPs just associated with gynecological cancers. After omitting 
LD and palindromic SNPs, there were respectively 301 SNPs for CC, 289 SNPs for EC, 288 SNPs for CUca, 278 SNPs 
for EOC, 286 SNPs for IMOC, 284 SNPs for CCOC, 280 SNPs for LGSOC, 286 SNPs for HGSOC, and 293 SNPs for 
ENOC as IVs. MR-Egger regression and MR-PRESSO outlier test, designed to assess potential bias, showed there was 
no horizontal pleiotropy or heterogeneity (all P>0.05). These findings strengthened confidence that the observed 
exposure-outcome association reflected a true causal effect.

Bidirectional Causal Association Between Serum UA Level and Gynecological Cancers
To examine potential reverse causal effects, we further explored bidirectional causal associations of serum UA levels 
with different gynecological cancers. Figure 2 shows the IVW results of associations between serum UA levels with 
gynecological cancers. The odds of CC and IMOC respectively increased 1.147 (95% CI: 1.020–1.290) and 1.199 (95% 
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CI: 1.033–1.393) along with serum UA elevated 1 μmol/L. More details on results of other MR methods are shown in 
Table S1 which confirms same results. Similarly, more details of the reversed causal association between UA and 
gynecological cancers are shown elsewhere (Table S2). It was a critical step to ensure the validity of causal inferences. 
Besides, as it is shown in Figure 3, we only observed that EC had a potential causal association with serum UA level 
(OR=1.012, 95% CI: 1.000–1.024).

Sensitivity analyses were performed on the potential causal associations of serum UA levels with CC and IMOC 
through the leave-one-out method (Figure S1). This method further supported that none of the identified causal 
associations was driven by any single IV. Figure S2 shows the MR scatter plots of the causal associations between 
serum UA levels and CC and IMOC respectively. According to these test results, no significant outliers have been found, 
indicating serum UA levels had a relatively robust potential causal association with CC and IMOC, which were stable 
results confirmed by different MR methods.

In summary, an increase of 1 μmol/L in serum UA levels was found to be potentially linked to higher odds of 
developing cervical cancer and invasive mucinous ovarian cancer. There was a potential causal association between UA 
levels and endometrial carcinoma.

Figure 1 Flowchart of the research process.

Table 2 IV Selection and Test of Horizontal Pleiotropy and Heterogeneity

Outcomes Selected 
SNP 

(P<5×10−8)

Omitted 
LD SNP

Deleted All 
Palindromic

MR-PRESSO Horizontal 
Pleiotropy 

Test

Heterogeneity 
Test

Strength

Global 
TEST

P MR 
Egger 

Intercept

P MR 
Egger 

Q

P IVW 
Q

P F R2 (%)

CC 6933 325 301 199.65 1.000 0.004 0.269 196.89 1.000 198.11 1.000 216 51.61

EC 6933 325 289 258.65 0.902 0.001 0.544 256.04 0.906 256.41 0.910 218 43.71

CUca 6933 325 288 247.41 0.961 −0.002 0.495 245.15 0.962 245.61 0.963 221 50.82

EOC 6933 325 278 210.70 1.000 −0.001 0.493 209.51 0.999 209.99 0.999 224 24.75

IMOC 6933 325 286 238.60 0.975 0.002 0.608 236.35 0.982 236.61 0.983 220 40.37

CCOC 6933 325 284 228.29 0.998 0.002 0.628 227.15 0.993 227.38 0.993 222 35.64

LGSOC 6933 325 280 204.04 1.000 −0.001 0.797 203.07 1.000 203.13 1.000 219 25.27

HGSOC 6933 325 286 218.41 0.998 −0.002 0.314 216.23 0.999 217.24 0.999 220 19.35

ENOC 6933 325 293 218.77 1.000 0.000 0.987 217.16 1.000 217.16 1.000 220 46.49

Abbreviations: IV, instrumental variant; LD, linkage disequilibrium; MR, Mendelian randomization; IVW, inverse variance weighted; CC, cervical cancer; EC, 
endometrial carcinoma; CUca, corpus uteri cancer; EOC, epithelial ovarian cancer; IMOC, invasive mucinous ovarian cancer; CCOC, clear cell ovarian cancer; 
LGSOC, low grade serous ovarian cancer; HGSOC, high grade serous ovarian cancer; ENOC, endometrioid carcinomas of ovary.
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Discussion
In the current study, we conducted a two-sample MR analysis to investigate the potential bidirectional causal associations 
of serum UA levels with gynecological cancers. The results showed that serum UA levels elevated for 1 μmol/L had 
a potential causal association with increased odds of both CC and IMOC. In addition, patients with EC seemed to have 
a higher level of serum UA.

In fact associations between serum UA levels and gynecological cancers are still unclear, and few studies have focused 
on associations of serum UA levels with CC or IMOC so far. A previous AMORIS study showed that a higher serum UC 
level was positively linked to the risk of gynecological cancer, but negatively associated with BC.7 In the present research, 
we observed potential causal associations between elevated serum UA levels and CC and IMOC based on MR methods, 
which aligns with Yiu and co-workers’ findings. Although underlying mechanisms that UA had potential causal associa
tions with gynecological cancers are unclear, possible mechanisms that serum UA is involved in development of cancers 
have been reported. UA is a major product of purine metabolism catalyzed by xanthine oxidoreductase. Therefore, due to 

Figure 2 Potential causal associations of serum UA levels with different gynecological cancers. The P value of association between UA and CCOC is 0.050392.

Figure 3 Reversed potential causal association of serum UA levels with different gynecological cancers.
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influencing the oxidation-reduction process in female reproductive disorders, UA may be involved in the pathogenesis of 
cancer by influencing oxidative stress.24,25 Besides, high levels of UA affect mitochondrial function, increase superoxide 
production, and then lead to lipid metabolism disorders, promoting the production of pro-inflammatory factors, which may 
further induce the development of cancers.26,27 There is a literature gap regarding the potential mechanism that UA had 
a causal association with CC. Basu et al28 found that plasma-reduced UA (PRUA) levels in women with cervical 
intraepithelial neoplasia (CIN) were significantly lower compared with controls, and the PRUA level was inversely linked 
to the histopathological graded severity of CIN. CIN is a precancerous condition of CC. A possible speculation was that 
during the progression of CIN to CC, along with the progression of inflammation and oxidative stress, the regulatory 
mechanism of the body’s clearance of peroxide or serum UA may be disturbed, thus further resulting in increased UA 
levels. The molecular structure of uric acid in its reduced state (PRUA) revealed its role as an antioxidant and increased 
alongside serum UA. As the end metabolic product of purine metabolism in vivo,29 UA has recently been found to have 
powerful antioxidant effects and can remove oxygen free radicals, singlet oxygen, and peroxynitrite. UA is also found in the 
follicular fluid of the female ovary.30 Hyperuricemia could promote the progress of hyperandrogenemia, insulin resistance, 
abnormal lipid metabolism, and complications in PCOS.31 Also, in patients with endometriosis (EM), interleukin (IL)-1β is 
produced when UA forms inflammatory bodies, which can induce the aggregation of inflammatory cells and activate the 
Th2-type immune response to produce local inflammation by promoting the activation of normal T cell expression and 
secretion factor mRNA expression.32–34 A MR analysis showed there was an association of genetic liability to EM with 
IMOC.35 In our study, women with EC had higher levels of serum UA, indicating that UA may be involved in the 
association between EM/EC and IMOC. However, the potential causal association between EC and serum UA level was not 
robust, and further studies are needed to clarify this relationship.

As mentioned before, MR is a relatively superior study design to observational researches on investigating the causal 
effect of potential risk factors on diseases of interest. Through exploring the bidirectional causal associations of serum 
UA levels with different gynecological cancers, this MR study may provide some reference for facilitating the 
recommendation of public health policies and clinical interventions, which could effectively reduce the incidence and 
social burden of gynecological cancers. We performed sensitivity analyses via leave-one-out and MR scatter plots to 
further explore the robustness of the potential causal associations of serum UA levels with CC and IMOC. Increased 
production of serum UA may follow consumption of diets high in purines, acute alcohol consumption, chronic fructose 
consumption, and severe exercise.29 Other chronic diseases, such as metabolic syndrome (MetS) is also associated with 
the aforementioned dietary factors that cause increased production of serum UA.36 Thus, in addition to timely screening 
for gynecological tumors, following a healthy dietary pattern, participating in appropriate physical activity, maintaining 
normal body mass index levels, and management of chronic diseases are also significant for maintaining normal serum 
UA levels and reducing the subsequent risk of gynecological cancers in clinical practice.

This study with two samples of MR suggested potential causal associations of serum UA levels with gynecological 
tumors, which to some extent overcame interference of confounding factors and reversed causal inference. GWAS data 
were obtained from large public databases of representative populations in Europe, and the selected IVs of study 
exposure were highly explanatory and representative. However, there are still some limitations of interpretation of the 
study results. Potential associations of serum UA levels with gynecological cancers were based on the European 
population, and whether these findings can be generalizable to other populations requires further evidence. The lack of 
individual data prevented the assessment of potential non-linear associations between UA and gynecological cancers 
because we used aggregated data from GWASs. In addition, data on lifestyle factors such as alcohol consumption, 
smoking status, and diet, which potentially impact UA levels,37 are lacking in existing databases. These variables should 
be accounted for in future research to ensure accurate analyses. Therefore, true relationships between UA and 
gynecological cancers need to be further validated.

This study suggests that targeting UA could be a promising strategy, but more research is needed to confirm its 
effectiveness before it can be used in clinical settings. UA modulation may be a valuable addition to current prevention 
strategies. It is important to focus on lowering UA in high-risk women and conducting mechanistic studies to understand 
its role before moving on to pilot trials. Collaboration between epidemiologists, oncologists, and pharmacologists will be 
essential for further advancement in this area.
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Conclusion
Serum UA had a potential causal association with gynecological cancer risk, especially CC and IMOC, whereas EC was 
linked to a higher serum UA level. However, these potential causal relationships and underlying mechanisms still need 
further exploration. Limitations include lifestyle factors, population stratification, and histotype aggregation. Addressing 
these in the results and discussion would strengthen causal inference.
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