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Diabetes Mellitus and Pancreatic Cancer: 
Investigation of Causal Pathways Through 
Mendelian Randomization Analysis
Zuliang Deng1,a, Wenxing Long2,a, Hanping Duan3,a, Xie Hui4,5,* and Tan Tao4,*

Introduction

Diabetes mellitus (DM), a metabolic disor-
der, arises from a combination of genetic 
and environmental factors [1]. Its endur-
ing complications, including renal failure, 
diabetic heart disease, stroke, foot ulcer, 
and diabetic retinopathy, pose substantial 
burdens on people worldwide, and are 
increasing in prevalence [2]. According to 
the International Diabetes Federation, the 
number of Chinese adults affected by dia-
betes mellitus is estimated to be 109 mil-
lion, whereas the worldwide prevalence is 
415 million [3].

Pancreatic cancer (PC), like DM, poses 
a major threat to human well-being. The 
prevalence of PC is progressively increas-
ing at an annual rate of 1%, and its fatal-
ity rate remains alarmingly elevated [4]. 
According to a 2020 report published 
by the World Health Organization, the 

prevalence of PC in Asia is approximately 
47.1%, surpassing that in Europe, which 
has the second-highest prevalence, at 
28.3% [5]. In the comprehensive tumor 
rankings for China, the incidence and mor-
tality rates of PC are eighth and sixth high-
est, respectively. These rates surpass the 
global average morbidity (12th) and mor-
tality (7th) levels. The challenging nature 
of early diagnosis for PC substantially 
affects patient prognosis. Reports have 
indicated that 80% of patients with PC are 
diagnosed in advanced stages involving 
tumor metastasis and invasion, thus result-
ing in lost opportunities for curative sur-
gery [6]. Hence, timely identification and 
diagnosis of PC, and immediate interven-
tion, are crucial to increase the likelihood 
of survival. The relationship between PC 
and DM has garnered substantial attention 
in the academic community. Extensive 
research has indicated that people with DM 
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Abstract

Objective: This study was aimed at investigating the association between diabetes mellitus and susceptibility 
to pancreatic cancer by using Mendelian randomization (MR) methods and an extensive human genome-
wide association study (GWAS) dataset.
Methods: The publicly accessible MR Base database was used to obtain the complete genome, relevant 
research findings, and summary data pertaining to diabetes mellitus and pancreatic cancer. Genetic variables, 
specifically single-nucleotide polymorphisms closely associated with diabetes mellitus, were selected for 
analysis. Four methods—inverse variance weighted (IVW) analysis, weighted median analysis, weighted 
mode, and MR-Egger regression—were used. Statistical analysis was conducted to explore the potential 
association between diabetes mellitus and susceptibility to pancreatic cancer.
Results: The results of the IVW analysis (OR = 11.56519319, 95% CI 1.275068624–104.8992116, 
P  =  0.0296) indicated a significant causal relationship between diabetes and elevated pancreatitis risk. 
Furthermore, the absence of horizontal pleiotropic effects (Egger intercept = 0.29, P = 0.384) and heter-
ogeneity (P = 0.126) suggested that the observed association was not influenced by confounding factors. 
Sensitivity analysis and other statistical methods also supported the conclusion that genetic pleiotropy did 
not introduce bias to the findings.
Conclusion: A causal relationship exists between diabetes mellitus and the occurrence of pancreatic cancer. 
People with diabetes mellitus are at high risk of pancreatic cancer and should receive early screening. The 
IGF signaling pathway may be a key mediator of the effects of diabetes on pancreatic cancer pathogenesis.
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and elevated blood glucose levels have elevated susceptibil-
ity to developing PC [7]. Furthermore, DM onset within 2–3 
years before PC diagnosis may be attributable to a parane-
oplastic phenomenon triggered by the release of inflamma-
tory mediators by cancerous cells [8]. In addition, a causal 
association has been demonstrated between PC and the onset 
of DM, thus refuting a causal connection between long-term 
DM and PC [9]. Therefore, the relationship between DM and 
PC is complex, and debates regarding its causality and direc-
tionality are ongoing.

Mendelian randomization (MR) is an epidemiological 
experimental method in which publicly available databases 
are used to analyze causal relationships between exposure 
factors and outcomes. Single-nucleotide polymorphisms 
(SNPs) are used as instrumental variables (IVs) to investi-
gate the presence of a causal association between an expo-
sure and outcome [10]. SNPs are the most common type of 
heritable variation in humans, accounting for more than 90% 
of all known polymorphisms. SNPs have been used to vary-
ing degrees in population genetics, ecology, the pharmaceu-
tical industry, forensic science, cancer, hereditary diseases, 
and even evolutionary studies [10]. The present investiga-
tion used aggregated data from a published genome-wide 
association study (GWAS) [11]. GWAS is a method for con-
ducting multi-center, large-sample, iterative validation of 
gene-disease association studies at the genome-wide level. 
Given that alleles are randomly assigned during meiosis, 
MR is comparable to a natural randomized controlled trial, 
thus enabling controlling for confounding factors. Moreover, 
genetic variants are present from birth, thereby mitigating 
reverse causation and offering robust evidence of causal 
inference. Therefore, this study used MR analysis to reeval-
uate the association between diabetes and PC risk, to provide 
insights to guide early PC diagnosis.

Materials and methods

The analyses conducted in this study relied on publicly 
accessible GWAS data; therefore, supplementary ethical 
approval and informed consent were not required. The flow-
chart describes the study process (Figure 1).

Data source

The exposure data used in the GWAS on DM were obtained 
from the publicly accessible MR Base database (http://app.
mrbase.org/), under accession ukb-b-18009. This dataset 
encompasses a substantial cohort of 249,710 people, con-
sisting of 43,244 cases and 206,466 controls. Within this 
dataset, a total of 9,185,867 genetic variants were ana-
lyzed. The outcome data for the GWAS on PC were like-
wise acquired from MR Base database accession ieu-a-822. 
This dataset included 3,835 participants, comprising 18,964 
cases and 1,939 controls, and encompassed a comprehen-
sive set of 521,863 genetic variants. However, importantly, 
both datasets consisted of participants from only European 
populations.

Research design

This study used a two-sample MR design to investigate the 
causal relationship between DM and PC, with DM serving 
as the exposure and PC serving as the outcome. The research 
methods comprised three steps: (1) examining the signifi-
cant associations between the IV and DM, (2) assessing the 
absence of any potential confounding factors associated with 
the IV, and (3) determining the lack of significant association 
between the IV and PC, as depicted in Figure 2.

A significance threshold of P < 1×10-8 was used to deter-
mine DM GWAS-identified loci demonstrating genome-wide 
significance. To ensure accuracy of the results, we ana-
lyzed SNPs with genetic significance across the entire set 
and excluded SNPs in linkage disequilibrium. In particular, 
SNPs with an r2 value > 0.01 in conjunction with the most 
prominent SNP within a 5000 kb span were omitted. Next, 
we used the Phenoscanner database (http://www.phenoscan-
ner.medschl.cam.ac.uk/) to sequentially retrieve information 
on each SNP. The retrieved information was then assessed 
to determine whether the SNP had previously been docu-
mented to be linked with metabolites and disease traits at 
significance levels of P < 5×10−8 and r2 > 0.8. The potency 
of each SNP was evaluated with the F-statistic, computed 
according to formula 1. Formula 2 outlines the calculation 
of the R2 value. Additionally, we assessed whether each SNP 
had previously been associated with a recognized risk factor 
for PC. If the SNP was found to be relevant, it was excluded, 

Figure 1  Flowchart of this study.
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to avoid violating the second assumption of IV analysis. 
Finally, in cases in which a SNP was unavailable, a surrogate 
SNP was used as a replacement, provided that the presence 
of a palindromic structure did not introduce any ambiguity.

	

2

2

( 2)

(1 )

R N
F Static

R

� ��� �� �
� � (1)

2
2

2 2

2 ( ) (1 )

2 ( ) (1 ) 2 ( ) (1 )

Beta EAF EAF
R

Beta EAF EAF SE N EAF EAF

� � � �
�
� � � � � � � � � �

� (2)

where N is the number of exposed samples included in 
GWAS studies, R2 is the degree to which IV explains expo-
sure (the determinant of the regression equation), beta is the 
effect size of each allele for each SNP and phenotypic asso-
ciation, SE is the standard deviation of beta, and EAF repre-
sents the effect allele frequency.

Mendelian randomization analysis

The inverse variance weighted (IVW) method was used to 
conduct two-sample MR analysis. The robustness of the IVW 
results was assessed through alternative approaches, includ-
ing MR-Egger regression, the weighted median (WM), and 
the weighted median method (WMM).

Horizontal pleiotropy analysis and 
heterogeneity testing
The intercept of the MR-Egger model can enable examina-
tion of the potential presence of horizontal pleiotropic effects 
associated with the IV [12]. Given that MR-Egger assumes 
the inclusion of an intercept term in the model, values near 
zero suggest minimal disparity between the causal effects 
estimated by MR-Egger and IVW, thereby indicating the 
absence of horizontal pleiotropy among the IVs. In contrast, 
a substantial deviation from zero for the intercept term may 
suggest the existence of horizontal pleiotropy among the 
IVs. Additionally, we used the Cochran Q statistic to assess 
the presence of heterogeneity. If the P-value of the Cochran 
Q test reached statistical significance, the findings were 

considered to exhibit heterogeneity. Additionally, a leave-
one-out analysis was conducted to determine the reliability 
of the overall effect. This analysis evaluated the influence of 
the remaining SNPs on the overall causal estimation, exclud-
ing individual SNPs in a sequential manner.

Statistical methods

The statistical tests used in this analysis were two-sided, 
with a significance threshold of P < 0.05. The results of the 
MR analysis are presented as odds ratios (OR) and 95% con-
fidence intervals (CIs). To visually represent the outcomes 
obtained with the coefficient ratio method, MR method, and 
leave-one-out analysis, we used forest plots and scatterplots. 
All statistical analyses were conducted in R software (ver-
sion 4.0) with the packages TwoSampleMR (version 0.5.5), 
readr (version 1.4.0), and data.table (version 1.13.2).

Results

Instrumental variables

On the basis of the screening criteria used in the two-sample 
MR investigation, we incorporated a comprehensive set of 
35 SNPs as IVs. Notably, each F-statistic associated with the 
instrumental exposure surpassed the threshold of 10, thereby 
indicating successful mitigation of the influence of weak IVs 
on the outcomes (Table 1).

Mendelian randomization results

Table 2 presents the results for four MR methods used to 
assess the causal relationship between DM and PC. The 
results obtained with the IVW method suggested that peo-
ple with DM might have elevated risk of developing PC 
(OR=1.808, 95% CI: 0.091–35.776, P=0.030). Similarly, 
the WM method yielded comparable results. Although the 
results of the WM method did not reach statistical signif-
icance because of limited statistical power, a consistent 
direction of effect was observed with the IVW method, 

Figure 2  Three assumptions for IVs in MR analysis.
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thus indicating a potential trend toward elevated PC risk 
in people with DM (OR=11.565, 95% CI: 1.000–1.264, 
P=0.9694).

Furthermore, we conducted computations and visual-
izations to determine both individual IV and combined 
causal effect estimates. The outcomes of the MR statistical 
approach and the causal effects derived from the individual 
IVs are summarized as a forest plot (Figure 3). The dots 
in the plot indicate the calculated beta values, and the hori-
zontal line represents the 95% CI of beta. The red line indi-
cates the estimated causal effect obtained through the MR 
method. Notably, the horizontal line corresponding to the 
IVW method in the figure did not intersect with the dotted 
line, thereby indicating statistical significance.

Figure 4 displays scatterplots illustrating the causal effect 
estimates for individual SNPs and the four MR methods. 
Each black dot corresponds to an IV, with the abscissa denot-
ing the SNP’s effect on DM and the ordinate representing 
its effect on PC. The extended vertical and horizontal lines 
depict the 95% CI of the IV’s causal effect on the respective 
disease. The slopes of the four colored lines indicate the esti-
mated values of the causal effects, as determined by the four 
MR methods.

Cochran’s Q test showed no heterogeneity in effect esti-
mates for all IVs (Q

Egger
=42.58, P

Egger
=0.1227, I2

Egger
=0.225; 

Q
IVW

=43.58, P
IVW

=0.1257, I2
IVW

=0.220; Table 3). In 
Cochran’s Q test, I2 > 25% and p < 0.05 indicated significant 
heterogeneity.

Table 2  Mendelian Randomization Results in Diabetes Mellitus and Pancreatic Cancer

Method   Nsnp   β   SE   OR   Lower 95%   Upper 95%   P

MR-Egger   35   −0.6772   3.719   0.508037508   0.000346912   743.9992301   0.8566

Weighted median   35   0.5922   1.523   1.807961559   0.09136617   35.7760974   0.6974

Inverse variance weighted   35   2.448   1.125   11.56519319   1.275068624   104.8992116   0.0296

Weighted mode   35   −0.2474   2.355   0.7808283   0.007725722   78.91726301   0.9169

Nsnp: number of SNPs; SE: standard error; OR: odds ratios; β: effect size of each allele for each SNP and phenotypic association.

All − Inverse variance weighted

All − MR Egger
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Figure 3  Forest plot of estimated causal effects of diabetes mellitus–associated SNPs on pancreatic cancer.
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The MR-Egger regression intercept indicated no direc-
tional pleiotropic effects in the relationship between DM and 
PC (MR-Egger intercept=0.029, P=0.384). Additionally, the 
funnel plot analysis demonstrated that the scatter points rep-
resenting the causal association effect were symmetrically 
distributed when SNPs were individually used as variables, 
thus suggesting an absence of potential bias in the findings 
(Figure 5).

The outcomes of leave-one-out analysis are presented as a 
forest plot (Figure 6). The black line indicates the effects of 
all SNPs remaining after exclusion of the respective SNP. In 
contrast, the red line illustrates the cumulative effect without 
elimination of any SNPs. The dots and horizontal lines rep-
resent the beta value of the effect and its 95% CI. The SNPs 
rs1401982, rs7701003, rs7220198, and rs57541197 were 

excluded. The remaining SNPs were situated to the right of the 
dashed line, thereby demonstrating the strength of the findings 
and their independence from the effect of a solitary SNP.

Discussion

PC is a profoundly malignant neoplasm affecting the 
digestive system. It is the fourth leading cause of cancer-
associated mortality in the United States and is projected to 
became the second leading cause by 2030 [13]. Early detec-
tion through screening is critical for mitigating mortality 
rates. However, because of the relatively low prevalence of 
PC, routine screening of asymptomatic patients through con-
ventional methods is not economically advantageous and has 
poor compliance. Numerous investigations have been aimed 
at identifying cohorts at high risk [14]. However, a family 
history of PC is currently the only indication considered for 
PC screening [15]. Therefore, better identification of high-
risk groups is necessary to enable early PC diagnosis and 
treatment.
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Figure 4  Scatterplot of estimated causal effects of diabetes mellitus–associated SNPs on pancreatic cancer.

Table 3  Cochran’s Q Test Results

Method   Q   df   I2   P
Inverse variance weighted   43.58   34   0.219825608   0.1257

MR-Egger   42.58   33   0.224988257   0.1227
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The association between DM and PC risk has been a 
longstanding topic of academic investigation. Recent DM 
onset has been demonstrated to serve as an indicator for 
certain diseases, particularly PC, and can aid in identifying 
patients with heightened susceptibility to this condition [16]. 
However, the relationship between DM and PC is further 
complicated by the ability of PC itself to induce DM devel-
opment. Consequently, risk studies must exclude any patients 
who have acquired diabetes as a consequence of PC, as well 
as those who have pre-existing DM. It is additionally worth 
investigating the potential resistance of patients diagnosed 
with DM towards being categorized as part of a high-risk 
cohort for early screening of PC.

The main aim of this study was to investigate the possi-
ble presence of a causal link between DM and PC. Previous 
research efforts have been impeded by the impracticability 
of conducting randomized controlled trials, thus limiting 
the ability to adequately control for confounding variables. 
Consequently, the findings from previous observational 
studies might have been influenced by confounding bias 
or reverse causality, thereby preventing consistent conclu-
sions from being drawn. Our research used a GWAS-based 
MR method to address potential confounding variables and 
reverse causality, thereby allowing for investigation of the 
causal relationship between DM and PC at the genetic level. 
In contrast to previous studies, our results provide supple-
mentary evidence that strengthens the argument that DM 
increases vulnerability to PC, thereby conclusively establish-
ing DM as a risk factor for PC. Elena et al. have conducted 

a retrospective study indicating an association between DM 
and PC risk. Additionally, clinical studies [17] have suggested 
that approximately 50% of patients with PC are diagnosed 
with DM, and the duration of DM correlates with PC. These 
investigations have provided valuable insights into potential 
epidemiological links between DM and PC. Nevertheless, 
caution is necessary when interpreting these observational 
findings. In the present study, we used a two-sample MR 
analysis to investigate the association between DM as the 
exposure factor and PC as the outcome event. Our analysis 
revealed no indications of horizontal pleiotropy and demon-
strated homogeneity among IVs. Consequently, we used the 
IVW method as the primary outcome measure, supplemented 
by the WM approach for additional analysis. The findings of 
this study provide substantial evidence supporting an elevated 
risk of PC in people with DM; establish a causal relationship 
between DM and PC; and suggest elevated PC susceptibility 
among people with DM.

The correlation between DM and PC continues to be a topic 
of ongoing scholarly discourse. Previous research has sug-
gested that insulin-like growth factor (IGF) and insulin play 
crucial roles in regulating energy metabolism and growth. 
In vitro studies have shown that excess insulin promotes the 
survival and proliferation of PC cells [18]. The IGF system, 
which includes IGF, its receptors, and associated binding 
proteins [19], is frequently characterized by elevated insulin 
and IGF-1 in people with type 2 DM [20]. In a prospective 
study conducted on European populations, researchers have 
observed a significant association between elevated IGF-1 or 
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Figure 5  Mendelian randomization funnel plot.
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diminished IGF-BP3 in the serum and susceptibility to PC 
[21]. Experimental investigations have further demonstrated 
that the introduction of exogenous insulin or IGF-1 stim-
ulates the proliferation of PC cell lines [22]. This prolifera-
tive effect is mediated by activation of the MAPK pathway 
through binding of insulin and IGF-1 to their receptors IR and 
IGF-1R, respectively [22]. Additionally, PI3K pathway acti-
vation enhances the anti-apoptotic capabilities of cancer cells 
[22]. Additional research has demonstrated that a ketogenic 
diet has the potential to mitigate transient feedback hypergly-
cemia in the context of tumor treatment involving PI3K inhib-
itors [23]. This finding has major implications for anti-tumor 
therapy in patients with insulin resistance or diabetes mellitus. 
Moreover, elevated metabolic stress protein TRB3 in tumor 
cells has multifaceted effects on insulin/IGF-mediated pro-
duction of reactive oxygen species, apoptosis, and tumor cell 
autophagy inhibition through its interaction with P62, thereby 
facilitating tumor initiation and progression [24]. Moreover, 
hyperglycemia may lead to oxidative stress, which is caused 
by an imbalance between reactive oxygen species and antiox-
idants [25]. Most patients diagnosed with DM have elevated 

blood glucose levels, which stimulate the generation of 
reactive oxygen species [26], thereby augmenting the inva-
siveness of cancerous cells and facilitating the initiation and 
progression of PC. Oxidative stress and inflammatory condi-
tions have been postulated to be early stages in the develop-
ment insulin resistance, accompanied by heightened levels of 
oxidative stress and inflammatory markers [27, 28], such as 
nuclear factor-κB and diverse signal transduction molecules 
and transcriptional activation proteins that activate signaling 
pathways and subsequently stimulate PC progression [29]. On 
the basis of the aforementioned analysis, we propose that inhi-
bition of the IGF signaling pathway might potentially mitigate 
susceptibility to PC in people with diabetes.

This study has several limitations that should be acknowl-
edged. First, the samples used in this study consisted of 
solely people of European ancestry. Thus, future studies 
must include samples from participants of other rases, such 
as those with Asian and African ancestry. Second, the data 
obtained in this study were derived from GWAS summaries, 
thereby precluding the exclusion of potential confounding 
factors such as alcohol consumption and smoking. Finally, 
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Figure 6  Results of leave-one-out analysis of diabetes mellitus and pancreatic cancer.
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the precise mechanism through which diabetes increases the 
likelihood of PC remains elusive; therefore, further investi-
gation is warranted to support our findings.

Conclusion

This study used MR research methods to establish a causal rela-
tionship between DM and the occurrence of PC. Individuals 
diagnosed with DM are a high-risk population requiring early 
screening for PC. The IGF signaling pathway potentially plays 
a crucial role in mediating the influence of DM on PC devel-
opment. Therefore, timely medication interventions must be 
prioritized to prevent PC progression in patients with DM.
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