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Background: It is well known that the occurrence and development of ovarian
cancer are closely related to the patient’'s weight and various endocrine factors in
the body.

Aim: Mendelian randomization (MR) was used to analyze the bidirectional
relationship between insulin related characteristics and ovarian cancer.

Methods: The data on insulin related characteristics are from up to 5567 diabetes
free patients from 10 studies, mainly including fasting insulin level, insulin
secretion rate, peak insulin response, etc. For ovarian cancer, UK Biobank data
just updated in 2021 was selected, of which the relevant gene data was from
199741 Europeans. Mendelian randomization method was selected, with inverse
variance weighting (IVW) as the main estimation, while MR Pleiotropy, MR Egger,
weighted median and other methods were used to detect the heterogeneity of
data and whether there was multi validity affecting conclusions.

Results: Among all insulin related indicators (fasting insulin level, insulin secretion
rate, peak insulin response), the insulin secretion rate was selected to have a
causal relationship with the occurrence of ovarian cancer (IVW, P < 0.05), that is,
the risk of ovarian cancer increased with the decrease of insulin secretion rate. At
the same time, we tested the heterogeneity and polymorphism of this indicator,
and the results were non-existent, which ensured the accuracy of the analysis
results. Reverse causal analysis showed that there was no causal effect between
the two (P>0.05).

Conclusion: The impairment of the insulin secretion rate has a causal effect on
the risk of ovarian cancer, which was confirmed by Mendel randomization. This
suggests that the human glucose metabolism cycle represented by insulin
secretion plays an important role in the pathogenesis of ovarian cancer, which
provides a new idea for preventing the release of ovarian cancer.
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1 Introduction

Ovarian cancer is a kind of cancer that occurs in female ovarian
tissue. There are many pathological subtypes, among which high-
grade serous ovarian cancer (1) is the most common. In developed
countries, ovarian cancer is the main cause of death among all
gynecological cancers (2). Due to the lack of specific signs and
symptoms at the early stages of the disease, ovarian cancer is usually
found in late stage, with extensive peritoneal (Phase III) or
extraperitoneal (Phase IV) spread. Tumor reduction surgery and
platinum and taxane drug chemotherapy could make 75% of
patients achieve clinical remission. At present, the 5-year survival
rate of ovarian cancer patients is roughly less than 30% (3-5). There
are many risk factors for ovarian cancer, including age, reproductive
history, changeable lifestyle factors, family history and gene
mutation (6).

Insulin (7) is the main regulator of glucose, lipid and protein
metabolism. When oral glucose load or mixed meal is ingested,
plasma glucose concentration increases, and islets of B Cells are
stimulated to secrete insulin. Insulin can inhibit the production of
endogenous glucose (the main target organ is the liver), stimulate
the uptake and storage of glucose by muscle, liver and fat cells, and
inhibit the decomposition of fat, leading to a decrease in plasma free
fatty acids concentration (8), which helps to inhibit the production
of glucose in the liver and increase the uptake of glucose in the
muscle, and can relax muscle vessels, which helps to enhance
muscle glucose disposal.

The incidence rate of various cancers is higher in patients with
insulin secretion disorder (especially in patients with type 2
diabetes). Many studies and observations in the field of overseas
studies have confirmed this view. It is reported that among patients
with type 2 diabetes, the relative risk of endometrial cancer, liver
cancer and pancreatic cancer is more than 2 times, while the relative
risk of bladder cancer, breast cancer and colorectal cancer is as high
as 1.5 times (9-12). In addition to the increase in incidence rate, the
overall mortality rate of diabetes patients when diagnosed with
cancer is higher (13) than that of the non-disease group. Systematic
reviews (14, 15) could suggest that overweight people have a higher
risk of ovarian cancer, and the risk of ovarian cancer increases with
obesity. The increase and abnormality of obesity or body mass
index often could lead to the disorder of endocrine system in the
human body, such as insulin resistance, estrogen level change and
other characteristics, which are factors that cannot be ignored in the
role of obesity factors in weight related cancer.

TABLE 1 Description of relevant GWAS data.

10.3389/fendo.2023.1131767

Therefore, it is important to understand the hormone specific
relationship between metabolism and cancer (16). In this paper,
bidirectional mendelian randomization analysis was used to
confirm the causal relationship between insulin related
characteristics and ovarian cancer risk.

2 Materials and methods

2.1 GWAS statistics of insulin-related traits

This study included six insulin related indicators from three
studies, including Fasting blood insulin, Fasting blood insulin
adjusted for BMI, Insulin secret rate, Peak insulin response, Acute
insulin response and Insulin disposition index. The specific
description of relevant data can be shown in Table 1.

2.1.1 Fasting blood insulin

The GWAS data (17) came from Genome wide association
studies for fast glucose (FG) and fast insulin (FI), which analyzed
the exon array data of 33231 non-diabetes patients of European
origin. The data and SNP of fasting insulin came from this study.

2.1.2 Fasting blood insulin adjusted for BMI

The data of this indicator (18) came from a study of “Genome
wide method considering body mass index determines genetic
variation affecting fasting blood glucose characteristics and insulin
resistance”, which includes 96496 non diabetes patients. The fasting
insulin data here were adjusted by body mass index.

2.1.3 Insulin secretion rate

This study explored the genome-wide association study based on
IVGTT’s first phase insulin secretion measurement, which refined the
potential physiology of type 2 diabetes variation. Insulin secretion
rate (ISR) is the estimated insulin secretion rate (ISR) (19) based on
the measured serum C-peptide concentration at 0, 2, 4, 6,8 and 0, 2,
3,4,5,6,7,8,10,12, 14, 16 and 19 (FAMILY) minutes. ISEC software
(20) is used to calculate the secretion rate according to predefined C-
peptide kinetic parameters, including each person’s weight, height,
age Gender and clinical status (glucose tolerance and obesity status)
were determined in a population-based study (21). The ISR provides
an estimate of the rate of insulin secretion before hepatic
insulin clearance.

Traits Population Sample size Year Number of SNPs
Fasting blood insulin European 51,750 2012 2,598,774
Fasting blood insulin adjusted for BMI European 30,825 2015 103,869
Insulin secretion rate European 527 2017 6,919,421
Peak insulin response European 2,337 2017 9,694,532
Acute insulin response European 2,087 2017 9,663,724
Insulin disposition index Hispanic or Latin American 2,345 2017 9,652,444
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2.1.4 Peak insulin response

Peak insulin response was measured as peak insulin minus
baseline insulin. Determine the peak insulin time point of each
study according to the time point when the average insulin value of
all individuals is the highest.

2.1.5 Acute insulin response

The acute insulin response (AIR) was measured as the
incremental area under the insulin curve in the first 10 minutes.
Or if the 10 minutes measurement is not available, the minimum
insulin value at 0, 2, 4, 6 and 8 minutes during the IVGTT using the
trapezoidal equation during the first 8 minutes. Incremental insulin
was calculated by subtracting fasting insulin levels.

2.1.6 Insulin disposition index

Insulin disposition index was calculated as the product of AIR,
and insulin sensitivity index was calculated by the MINMOD (22),
which took into account the level of background insulin resistance.

2.2 GWAS statistics of ovarian cancer

Through IEU Open GWAS (MR Base) (23) public database
(https://gwas.mrcieu.ac.uk/)to retrieve and obtain data on ovarian
cancer. The data of ovarian cancer patients are from UK Biobank.
According to the data, the latest update is 2021, which includes
9822229 SNPs from 199741 Europeans. The classification of data is
binary data, that is, whether ovarian cancer has occurred. The
website shows that 1218 patients were included, while 198523
patients were included in the control group.

2.3 Mendelian randomization
statistical analysis

Two-sample bidirectional MR was used to test the causal
relationship between insulin-related traits and tumors. In order to
determine whether insulin-related traits could be a risk factor for
various tumors, we first selected closely related SNPs from ovarian
cancers’s GWAS results. In this process, insulin-related traits acted
as exposure and ovarian cancer occurs as a result. In order to verify
whether ovarian tumors cause insulin-related traits, SNPs related to
various tumors are selected as the instrumental variable in the
reverse MR analysis process, with ovarian tumors as the exposure,
and insulin-related traits as the result.

Three different MR methods, including inverse variance weighted
random effects (IVW), MR Egger and weighted median, were used to
evaluate heterogeneity and test multiple effects. SNPs and outliers of
insulin related traits identified by MR-PRESSO were removed. In the
face of Mendelian randomization, IVW was used as the main analysis
method, which was widely accepted. The threshold for screening
exposure variables was 107-6. MR Egger (24) was often a test that
allows all genetic variations to have pleiotropic effects, but requires
pleiotropic effects to be independent of the exposure association
between variations. For Mendelian randomization pleiotropy test,
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MR Egger intercept test and retention analysis were used to further
evaluate the level pleiotropy. Cochran’s Q test was implemented in each
MR analysis to detect data heterogeneity between exposure and
outcome, which was an important indicator affecting the reliability of
final results. In the final visualization part, the funnel chart was used to
evaluate the possible directional pleiotropy, similar to the evaluation of
publication bias in meta-analysis, and also to observe the data
distribution. The forest map is used to show the results of each SNP
and the final MR, which was a convenient and intuitive method for
visualizing the results.

All bidirectional mendelian randomization statistical analysis and
data visualization used “TwoSampleMR” (https://github.com/
MRCIEU/TwoSampleMR) in R software version 4.1.1. RStudio
(https://posit.co/products/open-source/rstudio/) was used as a
platform tool for opening and analysis, which was an integrated
development environment for R and Python. It included a console,
syntax highlighting editor that supports direct code execution, and
tools for drawing, history, debugging, and workspace management.
Bilateral P value less than 0.05 was considered statistically significant.

3 Results

Six insulin related indicators, including Fasting blood insulin,
Fasting blood insulin adjusted for BMI, Insulin secret rate, Peak
insulin response, Acute insulin response and Insulin disposition
index, went Two-sample bidirectional MR with ovarian cancer. We
conducted a total of 12 statistical tests in 6 groups.

As shown in Table 2, we summarize all positive MR results into
this table. The insulin secretion rate was statistically significant
(IVW, p<0.05).

On the contrary, the other five insulin related indicators
(Fasting blood insulin, Fasting blood insulin adjusted for BMI,
Peak insulin response, Acute insulin response and Insulin
disposition index) did not show any correlation with the risk of
ovarian cancer (Supplementary Figures S1-S5).

When taking insulin secretion rate as the exposure factor, we
found that impaired insulin secretion was associated with an
increased risk of ovarian cancer (OR 0.9991305 (0.9984108,
0.9998507), p=0.017968, Figure 1), which was confirmed in the
positive MR analysis (Figure 2). There were 9 SNPs related to the
above results (rs10830963, rs10983538, rs11135317, rs138478706,
rs1779638, 1s58858201, 157756992, rs9425530, rs9479886), and
the details were shown in S-Table 1 of Supplementary Materials.
For the pleiotropy test of MR analysis, no obvious pleiotropy was
found (p>0.05, Table 2). The retention analysis of the above results
shows that all SNPs are generally stable (Figure 3), and the funnel plot
did not show significant heterogeneity (Supplementary Figure S6).

However, we still got statistically significant results (IVW, p<0.05)
when we performed reverse MR analysis on the insulin secret rate. That
was to say, with ovarian cancer as the exposure factor and the insulin
secret rate as the outcome variable, we still got the causal relationship of
the above two parties (OR 3.092427¢-13 (3.816945e-23, 2.505434e-03),
p=0.013, Figure 4), which was confirmed in the inversive MR analysis
(Figure 5). The above results indicate that ovarian cancer had a causal
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TABLE 2 Description of MR result.

10.3389/fendo.2023.1131767

Traits IVW-derived P OR (95% Confidence Cochran’s Q-derived P MR-Egger intercept-derived
value intervals) value P value

Fasting blood insulin 0.62030831 0.9976788 (0.9885484, 0.2304561 0.02442566
1.0068936)

Fasting blood insulin adjusted 0.4649689 0.9965644 (0.9874069, 1.005807) 0.4126454 0.9639076

for BMI

Insulin secretion rate 0.0179683 0.9991305 (0.9984108, 0.8227378 04466693
0.9998507)

Peak insulin response 0.6999933 1.000156 (0.9993622, 1.000951) 0.5413675 0.9516094

Acute insulin response 0.4477386 0.9996450 (0.9987289, 1.000562) 0.8945821 0.6796435

Insulin disposition index 0.4849515 0.9996270 (0.9985809, 1.000674) 0.11898331 0.6133764

relationship with human insulin secret rate. In order to test the
reliability of the above results, we conducted Cochran’s Q test
(p=0.4528141) and pleiotropy test (p=0.6568936). However, these
test results indicate that the above results do not have the pleiotropy
and heterogeneity of imaging conclusions. There were 10 SNPs related
to the above results (rs114858887, rs1358253, rs1687403, rs2143612,
rs28678815, rs35486093, rs4443540, rs76264086, rs78231145,
rs79693379), and the details were shown in S-Table 2 of
Supplementary Materials. The retention analysis of the above results
showed that all SNPs were generally stable (Figure 6), and the funnel
plot did not show significant heterogeneity (Supplementary Figure S7).

4 Discussion

This study is a Bidirectional Mendelian Randomization Study,
which used MR to analyze the two-way causal relationship between
insulin related traits and the risk of ovarian cancer. We found that
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FIGURE 1
Mendelian randomization results of the association of the insulin
secretion rate on ovarian cancer (Forward).
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the insulin secretion rate has a two-way causal relationship with
ovarian cancer, which is rarely reported.

Insulin is an important hormone in mammalian homeostasis
regulation, which regulates metabolism together with glucagon
antagonism. The insulin secretion rate provides an estimate of the
insulin secretion rate before hepatic insulin clearance (25). The
main physiological stimulation of insulin secretion is the increase of
circulating glucose concentration in the postprandial state.
Impaired insulin secretion is often associated with high body
mass index, and a large number of statistics have proved the
association between overweight and ovarian cancer (15, 26). As
mentioned in the introduction of this article, impaired insulin status
is associated with the risk or survival of many cancers.

By analyzing the MR results in this paper, we could easily find
that impaired insulin secretion was associated with an increased
incidence of ovarian cancer. We will analyze the influence of insulin
secretion on ovarian cancer from the following aspects. First, from
the perspective of insulin and tumor cell energetics, compared with
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FIGURE 2
The pleiotropy test of MR analysis (Forward).
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The retention analysis of the SNPs (Forward).

healthy cells, ovarian cancer tumor cells have a huge energy demand
to support the abnormal proliferation and metastasis of tumors.
Compared with normal human cells, tumor cells tend to change
their metabolic mode, such as the transformation of primary
glucose utilization pathway from oxidative phosphorylation to
glycolysis, namely Warburg effect (27). Insulin also controls
systemic and intracellular metabolism through substrate (glucose)
distribution (28). However, tumors have changes in PI3K mTOR
signaling pathway, and mTOR also changes the availability of

MR Test
Inverse variance weighted / Weighted median

02-
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0004
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FIGURE 4
Mendelian randomization results of the association of ovarian
cancer on the insulin secretion rate (Reverse).
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FIGURE 5
The pleiotropy test of MR analysis (Reverse).

glucose in tumor cells by regulating glucose uptake and glycogen
decomposition (29). At the same time, anti-tumor drugs targeting
systemic glucose homeostasis and tumor growth regulation have
also entered the clinical trial stage (30). Second, impaired insulin
secretion is associated with glucagon. Hyperinsulinemia is
associated with the increased risk of breast cancer (31),
endometrial cancer (32), ovarian cancer (33) and prostate cancer
(34), and is closely related to the increased mortality of pancreatic
cancer and breast cancer (35, 36), and some studies indicate that
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FIGURE 6
The retention analysis of the SNPs (Reverse).
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glucagon increases the overall mortality of cancer (37). However, it
should be noted that many studies have pointed out that the
postmenopausal serum insulin level is not related or is very weak
to ovarian cancer after adjustment and correction (33, 38), which is
consistent with the negative results of this study. However, we
found that the significant results are insulin secretion rather than
simple serum levels. At the same time, there is no denying that
insulin and glucagon, which are hormones, are closely related to
lipid peroxidation and metabolism (39), fibroblast growth factor
receptor-1 (40), and inflammatory cytokines (41), and these factors
undoubtedly play a key role in the progress of cancer. Third, the
repeated mention of obesity or overweight is undoubtedly related to
impaired insulin secretion. Ovarian cancer cells use fat cells as a
source of energy for growth and migration (42). At the same time,
as metabolic disorders, their internal metabolism affects each other.
Because of changes in lifestyle factors, the prevalence of metabolic
disorders is increasing year by year worldwide, just as obesity, type
IT diabetes and metabolic syndrome are all associated with ovarian
cancer (43-46). A recent meta-analysis (47) showed that the risk of
diabetes and OC was weak but still related, and many studies had
many bias or confounding factors. It has also been pointed out that
despite normal BMI, people with unhealthy metabolism or central
obesity have a higher risk of cancer (48). Fourth, insulin is also
related to immunity. Insulin (49) is related to regulating different
immune phenotypes and responses, and the expression of insulin
receptors on T cells, B cells and macrophages proves this view (50).

At the same time, another study showed that the existence of
ovarian cancer was related to insulin secretion. The mechanism
involved in this is very complex, because the metabolism of tumor
variant fish is very complex. We speculate that the anaerobic
glycolysis of tumors occupies the main form of metabolism, and
pentose phosphate shunt pathway and its nucleotide products (51)
play a certain role in the regulation of insulin secretion. Among
them, glucose-6-phosphate dehydrogenase (G6PDH) (52) can
explain the impairment of insulin secretion by islet cells through
the impairment of NADPH production, and the 6-
phosphogluconate dehydrogenase (6PGDH) (53) negative impact
is attributed to the accumulation of intermediate metabolites of this
pathway, leading to the activation of extracellular regulated kinase
(ERK). Currently, it is known that ERK (53) can promote insulin
transcription in response to acute signals, but its continuous
activation may lead to 3 Cell dysfunction and apoptosis.

These studies have many defects and deficiencies, as follows: (1)
Avoiding the pleiotropy of SNPs selected as instrumental variables
is an important principle to ensure the accuracy of MR analysis.
Usually, MR Egger intercept and MR-PRESSO methods are used to
detect horizontal pleiotropy to reduce bias, but the method is not
absolute for detection of pleiotropy. The MR analysis results of this
study did not find heterogeneity and level pleiotropy, which proved
the robustness of the results, but still could not completely rule out
the interference of potential pleiotropy. This limitation is due to the
existing analysis methods, and there are also some works (54)
exploring other multiple validity testing methods. (2) The Insulin
related Trains included in this study may lack some indicators.
When selecting indicators, we selected open and common
indicators. For the selection of databases, we also selected
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databases based on the same species, recent time and large
number of people. However, this may not fully represent the
function and release of insulin. We try to avoid these limitations,
but it is undeniable that they may still exist. (3) There is also the race
problem in the database. In order to control the same race, we try to
select European samples, which will undoubtedly affect the
conclusion to be extended to other colored people. (4) The
sample size of some indicators may not be enough to avoid bias,
which is also caused by database restrictions.

5 Conclusion

Through the Bidirectional Mendelian Randomization analysis,
we obtained the two-way causal relationship between the insulin
secret rate and ovarian cancer, that is, the reduction of the insulin
secret rate is related to the risk of ovarian cancer, and the
occurrence of ovarian cancer also has an impact on the insulin
secret rate. When this research needs large sample data research in
the real world, we hope to have research to further verify
this conclusion.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

Author contributions

XW wrote the main manuscript. JL and LC developed the
model, WL and JS collected and analyzed the data. ZY reviewed and
revised the manuscript. ZW and HL designed the study. Other
personnel participate in discussion and article revision. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by Grant 61931013 (ZW), 62171297
(HL) 82202258 (WL) from the National Natural Science
Foundation of China, Beijing Hospitals Authority Clinical
Medicine Development of Special Funding Support NO:
ZYLX202101, the Beijing Municipal Science and Technology
Commission [Grant Number Z201100005620009].

frontiersin.org


https://doi.org/10.3389/fendo.2023.1131767
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

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

References

1. Kohn EC, Ivy SP. Whence high-grade serous ovarian cancer. Am Soc Clin Oncol
Educ book. (2017) 37:443-8. doi: 10.1200/EDBK_174718

2. Vergote I, Gonzalez-Martin A, Ray-Coquard I, Harter P, Colombo N, Pujol P,
et al. European Experts consensus: BRCA/homologous recombination deficiency
testing in first-line ovarian cancer. Ann oncol: Off ] Eur Soc Med Oncol (2022)
33:276-87. doi: 10.1016/j.annonc.2021.11.013

3. Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian cancer: A review.
Cancer Biol Med (2017) 14:9-32. doi: 10.20892/j.iss1n.2095-3941.2016.0084

4. Miller KD, Nogueira L, Devasia T, Mariotto AB, Yabroff KR, Jemal A, et al.
Cancer treatment and survivorship statistics, 2022. CA: Cancer J Clin (2022) 72:409-36.
doi: 10.3322/caac.21731

5. Wang X, Xu C, Grzegorzek M, Sun H. Habitat radiomics analysis of pet/ct
imaging in high-grade serous ovarian cancer: Application to ki-67 status and
progression-free survival. Front Physiol (2022) 13:948767. doi: 10.3389/
fphys.2022.948767

6. Lele S ed. Ovarian cancer. Brisbane (AU: Exon Publications Copyright© 2022
Exon Publications. (2022).

7. Norton L, Shannon C, Gastaldelli A, DeFronzo RA. Insulin: The master regulator
of glucose metabolism. Metab: Clin Exp (2022) 129:155142. doi: 10.1016/
j.metabol.2022.155142

8. Patti AM, Giglio RV, Papanas N, Serban D, Stoian AP, Pafili K, et al.
Experimental and emerging free fatty acid receptor agonists for the treatment of type
2 diabetes. Medi (Kaunas Lithuania) (2022) 58(1): 109. doi: 10.3390/medicina58010109

9. Catsburg C, Gunter MJ, Chen C, Cote ML, Kabat GC, Nassir R, et al. Insulin,
estrogen, inflammatory markers, and risk of benign proliferative breast disease. Cancer
Res (2014) 74:3248-58. doi: 10.1158/0008-5472.CAN-13-3514

10. Gurney J, Stanley J, Teng A, Krebs J, Koea J, Lao C, et al. Cancer and diabetes co-
occurrence: A national study with 44 million person-years of follow-up. PloS One
(2022) 17:€0276913. doi: 10.1371/journal.pone.0276913

11. Barone BB, Yeh HC, Snyder CF, Peairs KS, Stein KB, Derr RL, et al. Long-term
all-cause mortality in cancer patients with preexisting diabetes mellitus: A systematic
review and meta-analysis. Jama (2008) 300:2754-64. doi: 10.1001/jama.2008.824

12. Garcia-Jiménez C, Gutiérrez-Salmeron M, Chocarro-Calvo A, Garcia-Martinez
JM, Castafio A, de la Vieja A. From obesity to diabetes and cancer: Epidemiological
links and role of therapies. Br ] Cancer (2016) 114:716-22. doi: 10.1038/bjc.2016.37

13. Currie CJ, Poole CD, Jenkins-Jones S, Gale EA, Johnson JA, Morgan CL.
Mortality after incident cancer in people with and without type 2 diabetes: Impact of
metformin on survival. Diabetes Care (2012) 35:299-304. doi: 10.2337/dc11-1313

14. Ding N, Zhan J, Shi Y, Qiao T, Li P, Zhang T. Obesity in children and
adolescents and the risk of ovarian cancer: A systematic review and dose-response
meta-analysis. PloS One (2022) 17:¢0278050. doi: 10.1371/journal.pone.0278050

15. Foong KW, Bolton H. Obesity and ovarian cancer risk: A systematic review. Post
Reprod Health (2017) 23:183-98. doi: 10.1177/2053369117709225

16. Leitner BP, Siebel S, Akingbesote ND, Zhang X, Perry R]. Insulin and cancer: A
tangled web. Biochem ] (2022) 479:583-607. doi: 10.1042/BCJ20210134

17. Mahajan A, Sim X, Ng HJ, Manning A, Rivas MA, Highland HM, et al.
Identification and functional characterization of G6PC2 coding variants influencing
glycemic traits define an effector transcript at the G6PC2-ABCB11 locus. PloS Genet
(2015) 11:21004876. doi: 10.1371/journal.pgen.1004876

18. Manning AK, Hivert MF, Scott RA, Grimsby JL, Bouatia-Naji N, Chen H, et al.
A genome-wide approach accounting for body mass index identifies genetic variants
influencing fasting glycemic traits and insulin resistance. Nat Genet (2012) 44:659-69.
doi: 10.1038/ng.2274

Frontiers in Endocrinology

10.3389/fendo.2023.1131767

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2023.
1131767/full#supplementary-material

19. Wood AR, Jonsson A, Jackson AU, Wang N, van Leewen N, Palmer ND, et al. A
genome-wide association study of IVGTT-based measures of first-phase insulin
secretion refines the underlying physiology of type 2 diabetes variants. Diabetes
(2017) 66:2296-309. doi: 10.2337/db16-1452

20. Hovorka R, Soons PA, Young MA. ISEC: A program to calculate insulin
secretion. Comput Methods prog biomed (1996) 50:253-64. doi: 10.1016/0169-2607
(96)01755-5

21. Hovorka R, Koukkou E, Southerden D, Powrie JK, Young MA. Measuring pre-
hepatic insulin secretion using a population model of c-peptide kinetics: accuracy and
required sampling schedule. Diabetologia (1998) 41:548-54. doi: 10.1007/
5001250050945

22. Pacini G, Bergman RN. MINMOD: A computer program to calculate insulin
sensitivity and pancreatic responsivity from the frequently sampled intravenous
glucose tolerance test. Comput Methods prog biomed (1986) 23:113-22. doi: 10.1016/
0169-2607(86)90106-9

23. Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, et al. The
MR-base platform supports systematic causal inference across the human phenome.
eLife (2018) 7. doi: 10.7554/eLife.34408

24. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through egger regression. Int |
Epidemiol (2015) 44:512-25. doi: 10.1093/ije/dyv080

25. Van Cauter E, Mestrez F, Sturis ], Polonsky KS. Estimation of insulin secretion
rates from c-peptide levels. comparison of individual and standard kinetic parameters
for c-peptide clearance. Diabetes (1992) 41:368-77. doi: 10.2337/diab.41.3.368

26. Nagle CM, Dixon SC, Jensen A, Kjaer SK, Modugno F, deFazio A, et al. Obesity
and survival among women with ovarian cancer: Results from the ovarian cancer
association consortium. Br J Cancer (2015) 113:817-26. doi: 10.1038/bjc.2015.245

27. Vander Heiden MG, Cantley LC, Thompson CB. Understanding the warburg
effect: the metabolic requirements of cell proliferation. Sci (New York N.Y.) (2009)
324:1029-33.

28. Magkos F, Wang X, Mittendorfer B. Metabolic actions of insulin in men and
women. Nutr (Burbank Los Angeles County Calif.) (2010) 26:686-93.

29. Emami Nejad A, Najafgholian S, Rostami A, Sistani A, Shojaeifar S,
Esparvarinha M, et al. The role of hypoxia in the tumor microenvironment and
development of cancer stem cell: A novel approach to developing treatment. Cancer
Cell Int (2021) 21:62. doi: 10.1186/s12935-020-01719-5

30. Blow T, Hyde PN, Falcone JN, Neinstein A, Vasan N, Chitkara R, et al. Treating
alpelisib-induced hyperglycemia with very low carbohydrate diets and sodium-glucose
Co-transporter 2 inhibitors: A case series. Integr Cancer therapies (2021)
20:15347354211032283. doi: 10.1177/15347354211032283

31. Lee], Chang Y, Kim Y, Park B, Ryu S. Insulin resistance and the development of
breast cancer in premenopausal women: The kangbuk Samsung health study. Breast
Cancer Res Treat (2022) 192:401-9. doi: 10.1007/s10549-022-06513-7

32. Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Manson JE, Li J, et al. A
prospective evaluation of insulin and insulin-like growth factor-I as risk factors for
endometrial cancer. Cancer epidemiol Biomarkers prevention: Publ Am Assoc Cancer
Research cospons by Am Soc Prev Oncol (2008) 17:921-9. doi: 10.1158/1055-9965.EPI-
07-2686

33. Kabat GC, Kim MY, Lane DS, Zaslavsky O, Ho GYF, Luo J, et al. Serum glucose
and insulin and risk of cancers of the breast, endometrium, and ovary in
postmenopausal women. Eur ] Cancer prevention: Off ] Eur Cancer Prev Organisat
(ECP) (2018) 27:261-8. doi: 10.1097/CEJ.0000000000000435

34. Pandeya DR, Mittal A, Sathian B, Bhatta B. Role of hyperinsulinemia in
increased risk of prostate cancer: A case control study from Kathmandu valley.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1131767/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1131767/full#supplementary-material
https://doi.org/10.1200/EDBK_174718
https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.20892/j.issn.2095-3941.2016.0084
https://doi.org/10.3322/caac.21731
https://doi.org/10.3389/fphys.2022.948767
https://doi.org/10.3389/fphys.2022.948767
https://doi.org/10.1016/j.metabol.2022.155142
https://doi.org/10.1016/j.metabol.2022.155142
https://doi.org/10.3390/medicina58010109
https://doi.org/10.1158/0008-5472.CAN-13-3514
https://doi.org/10.1371/journal.pone.0276913
https://doi.org/10.1001/jama.2008.824
https://doi.org/10.1038/bjc.2016.37
https://doi.org/10.2337/dc11-1313
https://doi.org/10.1371/journal.pone.0278050
https://doi.org/10.1177/2053369117709225
https://doi.org/10.1042/BCJ20210134
https://doi.org/10.1371/journal.pgen.1004876
https://doi.org/10.1038/ng.2274
https://doi.org/10.2337/db16-1452
https://doi.org/10.1016/0169-2607(96)01755-5
https://doi.org/10.1016/0169-2607(96)01755-5
https://doi.org/10.1007/s001250050945
https://doi.org/10.1007/s001250050945
https://doi.org/10.1016/0169-2607(86)90106-9
https://doi.org/10.1016/0169-2607(86)90106-9
https://doi.org/10.7554/eLife.34408
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.2337/diab.41.3.368
https://doi.org/10.1038/bjc.2015.245
https://doi.org/10.1186/s12935-020-01719-5
https://doi.org/10.1177/15347354211032283
https://doi.org/10.1007/s10549-022-06513-7
https://doi.org/10.1158/1055-9965.EPI-07-2686
https://doi.org/10.1158/1055-9965.EPI-07-2686
https://doi.org/10.1097/CEJ.0000000000000435
https://doi.org/10.3389/fendo.2023.1131767
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

Asian Pacific ] Cancer prevention: APJCP (2014) 15:1031-3. doi: 10.7314/
APJCP.2014.15.2.1031

35. Kim NH, Chang Y, Lee SR, Ryu S, Kim HJ. Glycemic status, insulin resistance,
and risk of pancreatic cancer mortality in individuals with and without diabetes. Am |
Gastroenterol (2020) 115:1840-8. doi: 10.14309/ajg.0000000000000956

36. Pan K, Chlebowski RT, Mortimer JE, Gunter MJ, Rohan T, Vitolins MZ, et al.
Insulin resistance and breast cancer incidence and mortality in postmenopausal women
in the women’s health initiative. Cancer (2020) 126:3638-47. doi: 10.1002/cncr.33002

37. Wargny M, Balkau B, Lange C, Charles MA, Giral P, Simon D. Association of
fasting serum insulin and cancer mortality in a healthy population - 28-year follow-up
of the French TELECOM study. Diabetes Metab (2018) 44:30-7. doi: 10.1016/
j.diabet.2017.03.006

38. Michels KA, McNeel TS, Trabert B. Metabolic syndrome and risk of ovarian and
fallopian tube cancer in the United States: An analysis of linked SEER-Medicare data.
Gynecol Oncol (2019) 155:294-300. doi: 10.1016/j.ygyno.2019.08.032

39. Marino N, German R, Rao X, Simpson E, Liu S, Wan J, et al. Upregulation of
lipid metabolism genes in the breast prior to cancer diagnosis. NPJ Breast Cancer
(2020) 6:50. doi: 10.1038/s41523-020-00191-8

40. Wellberg EA, Kabos P, Gillen AE, Jacobsen BM, Brechbuhl HM, Johnson §J,
et al. FGFR1 underlies obesity-associated progression of estrogen receptor-positive
breast cancer after estrogen deprivation. JCI Insight (2018) 3. doi: 10.1172/
jci.insight.120594

41. Padmanabhan S, Gaire B, Zou Y, Uddin MM, Vancurova I. IFNy-induced PD-
L1 expression in ovarian cancer cells is regulated by JAK1, STAT1 and IRF1 signaling.
Cell signal (2022) 97:110400. doi: 10.1016/j.cellsig.2022.110400

42. Nieman KM, Kenny HA, Penicka CV, Ladanyi A, Buell-Gutbrod R, Zillhardt
MR, et al. Adipocytes promote ovarian cancer metastasis and provide energy for rapid
tumor growth. Nat Med (2011) 17:1498-503. doi: 10.1038/nm.2492

43. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA: Cancer J Clin (2018)
68:7-30. doi: 10.3322/caac.21442

44. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K. Body
fatness and cancer-viewpoint of the TARC working group. New Engl ] Med (2016)
375:794-8. doi: 10.1056/NEJMsr1606602

Frontiers in Endocrinology

08

10.3389/fendo.2023.1131767

45. Shah MM, Erickson BK, Matin T, McGwin GJr., Martin JY, Daily LB, et al. 3rd,
diabetes mellitus and ovarian cancer: More complex than just increasing risk. Gynecol
Oncol (2014) 135:273-7. doi: 10.1016/j.ygyno.2014.09.004

46. Akhavan S, Ghahghaei-Nezamabadi A, Modaresgilani M, Mousavi AS,
Sepidarkish M, Tehranian A, et al. Impact of diabetes mellitus on epithelial ovarian
cancer survival. BMC Cancer (2018) 18:1246. doi: 10.1186/s12885-018-5162-3

47. Wang L, Zhong L, Xu B, Chen M, Huang H. Diabetes mellitus and the risk of
ovarian cancer: A systematic review and meta-analysis of cohort and case-control
studies. BMJ Open (2020) 10:¢040137. doi: 10.1136/bmjopen-2020-040137

48. Park YM, White AJ, Nichols HB, O’Brien KM, Weinberg CR, Sandler DP. The
association between metabolic health, obesity phenotype and the risk of breast cancer.
Int J Cancer (2017) 140:2657-66. doi: 10.1002/ijc.30684

49. van Niekerk G, Christowitz C, Conradie D, Engelbrecht AM. Insulin as an
immunomodulatory hormone. Cytokine Growth fact Rev (2020) 52:34-44. doi:
10.1016/j.cytogfr.2019.11.006

50. Andreone L, Gimeno ML, Perone M]J. Interactions between the neuroendocrine
system and T lymphocytes in diabetes. Front Endocrinol (2018) 9:229. doi: 10.3389/
fendo.2018.00229

51. Campbell JE, Newgard CB. Mechanisms controlling pancreatic islet cell function
in insulin secretion. Nat Rev Mol Cell Biol (2021) 22:142-58. doi: 10.1038/s41580-020-
00317-7

52. Spegel P, Sharoyko VV, Goehring I, Danielsson AP, Malmgren S, Nagorny CL,
et al. Time-resolved metabolomics analysis of B-cells implicates the pentose phosphate
pathway in the control of insulin release. Biochem J (2013) 450:595-605. doi: 10.1042/
BJ20121349

53. Goehring I, Sauter NS, Catchpole G, Assmann A, Shu L, Zien KS, et al.
Identification of an intracellular metabolic signature impairing beta cell function in
the rat beta cell line INS-1E and human islets. Diabetologia (2011) 54:2584-94. doi:
10.1007/s00125-011-2249-7

54. Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from mendelian randomization
between complex traits and diseases. Nat Genet (2018) 50:693-8. doi: 10.1038/
s41588-018-0099-7

frontiersin.org


https://doi.org/10.7314/APJCP.2014.15.2.1031
https://doi.org/10.7314/APJCP.2014.15.2.1031
https://doi.org/10.14309/ajg.0000000000000956
https://doi.org/10.1002/cncr.33002
https://doi.org/10.1016/j.diabet.2017.03.006
https://doi.org/10.1016/j.diabet.2017.03.006
https://doi.org/10.1016/j.ygyno.2019.08.032
https://doi.org/10.1038/s41523-020-00191-8
https://doi.org/10.1172/jci.insight.120594
https://doi.org/10.1172/jci.insight.120594
https://doi.org/10.1016/j.cellsig.2022.110400
https://doi.org/10.1038/nm.2492
https://doi.org/10.3322/caac.21442
https://doi.org/10.1056/NEJMsr1606602
https://doi.org/10.1016/j.ygyno.2014.09.004
https://doi.org/10.1186/s12885-018-5162-3
https://doi.org/10.1136/bmjopen-2020-040137
https://doi.org/10.1002/ijc.30684
https://doi.org/10.1016/j.cytogfr.2019.11.006
https://doi.org/10.3389/fendo.2018.00229
https://doi.org/10.3389/fendo.2018.00229
https://doi.org/10.1038/s41580-020-00317-7
https://doi.org/10.1038/s41580-020-00317-7
https://doi.org/10.1042/BJ20121349
https://doi.org/10.1042/BJ20121349
https://doi.org/10.1007/s00125-011-2249-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.3389/fendo.2023.1131767
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Bidirectional Mendelian randomization study of insulin-related traits and risk of ovarian cancer
	1 Introduction
	2 Materials and methods
	2.1 GWAS statistics of insulin-related traits
	2.1.1 Fasting blood insulin 
	2.1.2 Fasting blood insulin adjusted for BMI
	2.1.3 Insulin secretion rate
	2.1.4 Peak insulin response
	2.1.5 Acute insulin response
	2.1.6 Insulin disposition index

	2.2 GWAS statistics of ovarian cancer
	2.3 Mendelian randomization statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


