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Abstract
Causal inference is one of the challenges in epidemiologic studies. Gynecologic dis-
eases have been reported to have association with obesity, however the causality 
remained controversial except for uterine endometrial cancer. We conducted two-
sample Mendelian randomization (MR) analysis using the large-scale genome-wide 
association study (GWAS) results of gynecologic diseases and body mass index (BMI) 
in the Japanese population to assess causal effect of BMI on gynecologic diseases. 
We first conducted GWAS of ovarian cancer, uterine endometrial cancer, uterine cer-
vical cancer, endometriosis, and uterine fibroid (n = 647, 909, 538, 5236, and 645 
cases, respectively, and 39 556 shared female controls), and BMI (81 610 males and 
non-overlapping 23 924 females). We then applied two-sample MR using 74 BMI-
associated variants as instrumental variables. We observed significant causal effect 
of increased BMI on uterine endometrial cancer (β  =  0.735, P  =  .0010 in inverse 
variance-weighted analysis), which is concordant with results of European studies. 
Causal effect of obesity was not apparent in the other gynecologic diseases tested. 
Our MR analyses provided strong evidence of the causal role of obesity in gyneco-
logic diseases etiology, and suggested a possible preventive effect of intervention 
for obesity.

K E Y W O R D S

BMI, GWAS, gynecologic diseases, Mendelian randomization, obesity

www.wileyonlinelibrary.com/journal/cas
https://orcid.org/0000-0002-2826-4396
mailto:﻿
https://orcid.org/0000-0002-0311-8472
http://creativecommons.org/licenses/by-nc/4.0/
mailto:yokada@sg.med.osaka-u.ac.jp


     |  4647MASUDA et al.

1  | INTRODUC TION

Ovarian cancer (OC), uterine endometrial cancer (UEC), uterine 
cervical cancer (UCC), uterine fibroma (UF), and endometriosis are 
all common proliferative diseases arising from gynecologic organs. 
They are complex heterogeneous diseases, and both genetic and 
environmental factors contribute to their development.1 Recent ad-
vancement in the field of genome-wide association studies (GWAS) 
has identified population-specific significantly associated loci asso-
ciated with gynecologic diseases.2 As implicated in epidemiological 
studies, obesity may play an important role in the development of 
gynecologic diseases, especially in UEC.1,3,4 Obesity is thought to 
increase the risk of UCC by decreased detection of precancerous 
lesions.5 Obesity is thought to affect UF through hormonal activity, 
proinflammatory effect, and hyperinsulinemia.6 Obesity inversely 
affects endometriosis, which is thought to be due to hormonal dif-
ferences between heavy and lean women.7 However, their relation-
ships remain largely controversial due to difficulty in epidemiologic 
studies in inferring causal associations.

Recently, novel approaches using genomic data to infer causal-
ity have been developed.8,9 Mendelian randomization (MR) is an 
approach in which genetic variants serve as instrumental variables 
to estimate the causal effect of exposure phenotypes on outcome 
phenotypes of interest. The genetic variants are allocated randomly 
at conception in nature, similar to random allocation in randomized 
controlled trials, and generate variation in exposure phenotypes that 
should be unaffected by confounding.8 Recent achievement in large-
scale GWAS2,10-12 and development of advanced analytical methods 
of MR8 enabled a robust estimation of causal effect, therefore MR 
is widely used for inferring causality and has an impact on clinical 
medicine.8,9

Here, we conducted an MR analysis to estimate causality of 
obesity, assessed by measurement of body mass index (BMI), on 
the 5 gynecologic diseases in the Japanese population. Previous 
reports in Europeans have identified causal effect of obesity on 
UEC and several histological subtypes of OC,13-16 however other 
gynecologic diseases have not been widely studied. Also, there has 
been no study performed in the Japanese population. Therefore, 
we performed MR analyses using all available gynecologic disease 
GWAS data in the Japanese biobank, and aimed to provide stron-
ger evidence.

2  | MATERIAL S AND METHODS

2.1 | Gynecologic and BMI GWAS in Japanese

Gynecologic disease GWAS was conducted as previously de-
scribed.2 Briefly, we enrolled OC, UEC, UCC, UF, and endometriosis 
cases, and shared female controls without gynecologic, malignant, 
and MHC-related diseases from the BioBank Japan Project (BBJ), 
then performed association analyses under the generalized linear 
model.2 BMI GWAS data were adopted from a previous report,17 and 

we re-conducted the analysis using genetic data of non-overlapping 
BBJ individuals without gynecologic diseases under the generalized 
linear model. These studies were established, published, and was 
the largest GWAS among Japanese. In the original BMI GWAS, as-
sociations of the lead variants were replicated in multiple biobank 
cohorts, suggesting their robustness. BMI was measured by weight 
(kg), divided by squared height (m2), and not adjusted by waist-hip 
ratio. Both males and females were included in the BMI GWAS to 
ensure a valid estimation of BMI-associated variants by increasing 
the sample size, which then avoids bias in MR analysis. Among the 
lead variants previously reported in the Japanese BMI GWAS,17 
we selected ones available in both BMI and gynecologic GWAS. 
We confirmed that the association of the BMI-related variants was 
strong enough (P-value < 5.0 × 10−8) to be utilized as instrumental 
variables in MR analysis. When the lead variants were not available 
in gynecologic GWAS, proxy variants in linkage disequilibrium (LD) 
(r2 ≥ 0.5 in east Asian subjects of 1000 Genome Project phase 3v5) 
were selected. This study was approved by the ethical committee of 
Osaka University Graduate School of Medicine. Genotype data are 
deposited at National Bioscience Database Center, with the acces-
sion number of hum0014 at https://ddbj.nig.ac.jp/jga/viewe​r/view/
study/​JGAS0​00000​00114.

2.2 | MR analysis

We adopted the two-sample MR method implemented in the 
package TwoSampleMR (http://www.mrbase.org/) of R statisti-
cal software (v.3.5.1). We applied 2 types of MR analyses, inverse 
variance-weighted (IVW) and MR-Egger methods. We estimated the 
effect of BMI as an exposure on gynecologic diseases as outcomes, 
by adopting the variants significantly associated (P < 5.0 × 10−8) with 
BMI as instrumental variables. We applied Bonferroni correction to 
assess the significance of association, both in the discovery and rep-
lication analyses; significance threshold was calculated as a type 1 
error rate α = .05 divided by the number of methods and phenotypes 
tested in the analysis. As the sensitivity test, we applied a hetero-
geneity test, leave-one-out analysis, and funnel plots implemented 
in the TwoSampleMR package. We also applied the Mendelian rand-
omization pleiotropy residual sum and outlier (MR-PRESSO) method 
implemented in the R package mr-presso and assessed pleiotropic 
effect.

2.3 | Replication study in UK Biobank Europeans

We applied the same methods to the publicly available summary 
statistics of the European population. We obtained the gyneco-
logic disease GWAS summary statistics from the UK Biobank 
(UKBB) (http://www.neale​lab.is/uk-biobank, Phenotype Codes: 
C56, C54, C53, D25, and N80). The summary statistics of the BMI 
GWAS conducted among the subjects not overlapping with those 
in UKBB were obtained from the GIANT consortium (https://porta​

https://ddbj.nig.ac.jp/jga/viewer/view/study/JGAS00000000114
https://ddbj.nig.ac.jp/jga/viewer/view/study/JGAS00000000114
http://www.mrbase.org/
http://www.nealelab.is/uk-biobank
https://portals.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_data_files
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ls.broad​insti​tute.org/colla​borat​ion/giant/​index.php/GIANT_conso​
rtium_data_files).18

3  | RESULTS

3.1 | Gynecologic and BMI GWAS in Japanese

The numbers of the subjects for each gynecologic disease are 
listed in Table 1. We enrolled 647, 909, 538, 5236, and 645 cases 
of OC, UEC, UCC, UF, and endometriosis, respectively, and 39 556 
shared female controls.2 Whole genome sequencing-based geno-
type imputation yielded more than 7 000 000 variants available 
for MR analysis.19 For BMI, independent 105 534‬ subjects were 
included in the analysis. These GWAS were the largest Japanese 
studies available to date, which would provide the highest statisti-
cal power to estimate causal effect. Several variants were missing 
in the GWAS due to extremely low allele frequency among the 
case subjects, we thus removed these variants from the instru-
mental variables. As a result, we incorporated the 73 lead variants 
for OC and endometriosis, and 74 lead variants for UEC, UCC and 
UF, including proxy variants in LD.

3.2 | MR analysis

MR analysis results are shown in Table 1, Figure 1, and Figure S1. 
Estimated causal effect size (β) per standard deviation (SD) unit in-
crease of BMI was 0.409, 0.735, 0.062, 0.081, and −0.062 respec-
tively for OC, UEC, UCC, UF, and endometriosis in IVW (P  =  .12, 
.0010, .83, .54, and .83, respectively), and 1.093, 1.625, 0.157, 
0.054, and −0.262, respectively in MR-Egger (P  =  .12, .0068, .84, 
.88, and .73, respectively). While the MR-Egger analysis result was 
marginally significant, the BMI effect on UEC in IVW analysis re-
mained significant (P = .0010) after Bonferroni's correction consid-
ering the number of phenotypes and methods (P < .05/10 = .005). 
The results of heterogeneity tests, including leave-one-out analysis, 
funnel plots, and mr-presso analysis, were not significant (results not 
shown), which led us to the conclusion that the potential bias con-
ferred by the pleiotropic variants was negligible in our analysis. We 
did not inversely conduct MR analysis assessing UEC effect on obe-
sity, as no variants were identified in the UEC GWAS.

3.3 | Replication study in UKBB Europeans

The number of cases and controls in the gynecologic GWAS was not 
specified, but 194 174 subjects in total were analyzed. The number 
of subjects in BMI GWAS was 449 889. In total, 131 lead variants 
associated with BMI were also available in gynecologic GWAS. MR 
analysis results are shown in Table S1, Figure S2, and Figure S3. BMI 
effect on UEC was nominally significant with directional concord-
ance with that in Japanese (β = 4.04 × 10−3, P = .010 in IVW analysis).TA
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4  | DISCUSSION

In this study, we utilized the large-scale GWAS results of gyneco-
logic diseases in the Japanese population and demonstrated that 
obesity had a causal effect on UEC that was replicated with the same 
directional effect in UKBB Europeans.

Epidemiologic studies have suggested that obesity affects 
the likelihood of gynecologic diseases.1,3,4 MR-Egger analysis in 
European population did not reach statistical significance, possibly 
due to the conservative nature of the method. However, observa-
tions that IVW results both in Japanese and European populations 
were concordant with conventional epidemiological studies should 
support previous epidemiological findings.1,3,4 Direct comparison of 
the effect size between current study and the previous MR and ep-
idemiological studies is difficult because the studies were designed 
differently and the effect sizes were described in different scales 
and units.3,15,20,21 The direction of effects was concordant among 
multiple MR and epidemiological studies, suggesting that our MR 
analysis provided further evidence of a causal effect of obesity on 
UEC. These observations suggested that intervention for obesity 

itself could be a potential prevention, leading to a better manage-
ment strategy for this malignancy, as well as identifying novel drug 
targets.

Although the direction of BMI effect on OC was concordant with 
that in the previous European studies,14,16 our results failed to reach 
statistical significance (P  =  .12 in IVW analysis). Furthermore, the 
results of our analysis among the European population were direc-
tionally discordant between IVW and MR-Egger methods and also 
failed to reach statistical significance. The discrepant results were 
probably caused by pleiotropic effects, 1 variant with outstanding 
effect, and/or the difference in the proportion of histologic subtypes 
in the cohorts. However, all of the heterogeneity test, leave-one-
out analysis, funnel plots, and MR-PRESSO failed to show a signifi-
cant pleiotropic effect (data not shown), leading us to conclude that 
the pleiotropic effect might exist but be negligible in our analysis. 
Since MR-Egger uses two-step least squares, the result might have 
been strongly affected by outstanding effect. Also, it is well known 
that high-grade serous subtype is prevalent in Europeans, but clear 
cell carcinoma is also common in Japanese. Either way, it is diffi-
cult to obtain a definitive conclusion from the current study. The 

F I G U R E  1   Scatter plots of Mendelian randomization (MR) tests assessing the effect of body mass index (BMI) on each gynecologic 
disease. Each dot represents effect sizes of each single nucleotide polymorphism (SNP) on BMI (x-axis) and gynecologic diseases (y-axis), and 
regression slopes show the estimated causal effect of BMI on gynecologic diseases. For all plots, inverse variance-weighted (IVW) results 
are shown in blue and MR-Egger regression results are shown in red
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association of obesity and OC still remains controversial, and further 
studies are thus warranted.

Conversely, we reported the first MR analysis of other gyneco-
logic diseases (UCC, UF, and endometriosis), which suggested a non-
causal association of BMI with them. The discrepant results shown in 
MR-Egger analysis among Europeans might suggest population spec-
ificity and/or pleiotropic effect. We considered that from our analysis 
alone it would be difficult to make conclusions. These associations 
are also controversial in epidemiologic studies, however, our obser-
vation suggested causal effect of obesity on these diseases is limited. 
Further application of MR approaches on a wider range of risk factors, 
as well as validation studies in different cohort, should be warranted.

It is well known that age at menopause is related to gynecologic 
malignancies and obesity. We thought that it is possible that meno-
pausal status might affect our results. Further study is needed in 
the future including, for example, stratified analysis based on meno-
pausal status, multivariable MR analysis, and/or interaction-based 
MR analysis.

Also, discrepant results among different gynecologic diseases 
might be attributed to menopausal status, obesity, estrogenic hor-
monal effect, and the immune system. Further investigation is 
warranted.

Although our study utilized the largest GWAS in the Japanese 
population, possible limitations of our study include the relatively 
small number of case subjects in the gynecologic GWAS, lack of rep-
lication and validation studies especially for non-UEC gynecologic 
diseases, and consideration on age at menopause and hormonal ef-
fect. However, we observed a causal relationship of obesity with 
UEC. To explore reverse causality, as well as to assess the robust-
ness by replication and validation, and to incorporate considerations 
for other variables, further investigation on different cohorts with 
larger sample sizes and with detailed phenotypic information is 
warranted.

5  | CONCLUSIONS

In summary, our MR analysis identified that obesity had a signifi-
cant causal effect on UEC, which was observed both in Japanese and 
European populations. Our results provided strong evidence of the 
causal association and suggested that intervention for obesity could 
be a potential management strategy against UEC.
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