
Page 1 of 12

© Annals of Pancreatic Cancer. All rights reserved. Ann Pancreat Cancer 2024;7:1 | https://dx.doi.org/10.21037/apc-23-15

Introduction

Pancreatic cancer is a common malignancy of the digestive 
system. Due to its concealed incidence, rapid metastasis of 
cancer cells, poor treatment effects, and poor prognosis, 
the 5-year survival rate is only 10% (1). In recent years, 
the morbidity and mortality of pancreatic cancer have 

substantially increased, and pancreatic cancer is expected to 
become the second leading cause of cancer-related deaths 
in the United States by 2030 (2). Therefore, there is an 
urgent need to identify its causes and implement preventive 
measures. Chronic pancreatitis, smoking, drinking and 
family genetic history are risk factors for pancreatic cancer 
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(3-5). The continuous discussion of the pathogenesis of 
pancreatic cancer led to an increasing number of studies 
that suggested an imbalance in gut microbiota homeostasis 
also leads to the pathogenesis of pancreatic cancer.

The gut microbiota is the largest microecosystem in 
the human body and is closely related to human health 
and disease (6). The gut microbiota maintains various 
physiological functions and plays a positive role in the host 
immune system by maintaining immune homeostasis. Once 
the gut microbiota is in a state of metabolic disorder, the 
imbalance and functional regulation of intestinal bacteria 
leads to a variety of diseases (7), such as obesity, diabetes, 
immune diseases, cardiovascular diseases, and nervous 
system diseases (8-12). In recent years, several studies have 
revealed that the gut microbiota is closely related to many 
malignant tumours (13,14). Intestinal flora imbalance can 
activate the immune system, promote the proliferation of 
inflammatory cells, inhibit apoptosis, and induce DNA 
chain damage, oxidative stress, and tumorigenesis. Although 
some observational studies have revealed a relationship 
between the gut microbiota and pancreatic cancer, it is 
difficult to confirm a causal relationship between the gut 
microbiota and pancreatic cancer through observational 
studies due to potential confounding factors and reverse 
causality.

In 1986, Katan proposed the Mendelian randomisation 
(MR) (15). It is used to estimate the causal relationship 
between exposure and outcomes by means of gene 
variations, such as single nucleotide polymorphisms (SNPs), 

as instrumental variables (IVs) for exposure factors. During 
human gametogenesis, specific SNP alleles are randomly 
assigned to ooplasm/sperm cells; therefore, genetic variation 
is not related to potential mixed environmental exposures. 
Additionally, genetic variation is not affected by the disease 
throughout its life cycle, which avoids the possibility of 
a reverse causal association. In this study, a two-sample 
MR method was used to study the role of gut microbiota 
in the occurrence and development of pancreatic cancer. 
The purpose of this study was to explore the potential 
causal relationship between gut microbiota and pancreatic 
cancer and to provide a theoretical basis for the aetiology 
of pancreatic cancer to prevent its occurrence. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://apc.amegroups.com/article/
view/10.21037/apc-23-15/rc).

Methods

MR

A two-sample MR method was used to extract SNPs 
related to the gut microbiota as IVs to explore the causal 
relationship between gut microbiota and pancreatic cancer. 
The selected IVs needed to meet the following three key 
assumptions (Figure 1): (I) relevance assumption: IVs must 
have a strong correlation with exposure. (II) Independence 
assumption: IVs are unrelated to confounding factors and 
those related to confounding factors have to be removed. 
(III) Exclusivity assumption: IVs can only affect the 
outcome through exposure but cannot be directly related to 
the outcome (16).

Data source of exposure and outcome

The complete genome-wide association studies (GWAS) 
summary of the gut microbiota was based on the MiBioGen 
consortium meta-analysis of 18,340 people in 24 queues, 
most of whom were of European origin (n=13,266). A total 
of 211 gut microbiota and 122,110 related SNPs were 
recorded (17). The European population was selected 
and analysed using the Open GWAS database (https://
gwas.mrcieu.ac.uk/). The GWAS number for pancreatic 
cancer was derived from the latest Finn Gen Union R9 
Distribution data (18) (https://www.finngen.fi/en), which is 
also based on the European population, including 287,829 
subjects; 692 patients with pancreatic cancer and 287,137 
healthy controls.
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The selection of IVs

The IVs for analysis must be closely related to the exposure 
factors. There were few results in which the SNP of each 
level of the gut microbiota reached the genome-wide 
statistical significance threshold (P<5×10−8), therefore, to 
ensure the full screening of IVs, the SNP with a P value 
less than the whole locus significance level (P<1×10−5) was 
selected. F-statistics were used to evaluate the strength of 
IVs (19,20). F-value formula: F = (beta/se)2 (21). IVs with 
an F-value of less than 10 were excluded to ensure the 
intensity of the association between the IV and exposure. 
The selected IVs needed to satisfy the independence test, 
and to avoid the influence of linkage disequilibrium in SNP 
on the analysis results, the PLINK clustering method was 
used to set the linkage disequilibrium parameter (R2) of 
SNP to 0.001 and the genetic distance to 10,000 kB (22).  
In addition, to only include SNPs that are relevant to 
the outcome through exposure, we passed the screened 
phenotypes that were significantly associated with SNPs 
according to the library through PhenoScanner (V2) 
(https://ldlink.nci.nih.gov/?tab=ldtrait) and determined 
whether these phenotypes were confounding factors for 
pancreatic cancer based on previously published studies. 
Glycosuria, chronic pancreatitis, smoking, alcohol 
consumption, and familial genetic history are risk factors for 
pancreatic adenocarcinoma (4,5). The SNPs associated with 
these risk factors were excluded. Finally, to avoid distortion 
of chain direction or allele coding, SNPs with a palindromic 
structure were automatically excluded during the analysis, 
and ambiguous and duplicated SNPs were deleted during 
the coordination process. The selection of these IVs ensures 
the reliability of the results.

MR analysis

This study used various two-sample MR methods, including 
inverse variance weighted (IVW), MR-Egger, weighted 
median, and weighted modes. IVW is considered the 
standard method for collecting data in MR (23,24). This 
method uses the Wald ratio to estimate the progressive 
causal effect of each included tool SNP and then performs 
a weighted summary analysis (25). The MR-Egger method 
is used based on the hypothesis that the multiple effects of 
IVs on exposure factors are independent of each other. The 
method can be used to test causality and estimate causal 
effects. However, the statistical efficiency of the causal 
estimation of the MR-Egger method is lower than that of 
the IVW mode, and the confidence interval is wider. If the 
above assumptions are not satisfied, the weighted mode 
has greater ability to detect causal effects, with a smaller 
deviation and lower class I error rate than the MR-Egger 
method. However, this method provides statistically weaker 
results than the IVW and weighted median modes. The 
weighted median mode, which uses the median estimated 
by the IVW ratio, is more robust for outliers than the IVW 
mode and the MR-Egger method, and requires that at least 
50% of the weights contributed by genetic variation are 
valid for statistical calculation (26). If the results of these 
methods are inconsistent, priority should be given to IVW 
as the primary result. However, it is necessary for the beta 
values of the results from these methods to follow the same 
direction. 

The intercept terms of the MR-Egger regression 
and MR-PRESSO tests were used to test the horizontal 
multiplicity and outliers of SNP. If P>0.05, it indicates that 
significant horizontal pleiotropy does not exist. Compared 

Figure 1 Three main assumptions of Mendelian randomisation. SNPs, single nucleotide polymorphisms. 
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with MR-Egger, MR-PRESSO has a higher precision. It 
not only calculates the horizontal range of IVs, but can 
also calculate the effect between exposure and outcome 
after removing outliers and test the results before and after 
correction (27). Cochran’s Q statistics were calculated 
using IVW and MR-Egger regressions. No significant 
heterogeneity was indicated by P>0.05. The leave-one-
out method was used to eliminate the SNPs individually to 
observe whether they had an impact on the analysis results, 
and draw a forest map (25). All statistical analyses were 
performed using R (version 4.3.0) through the two-sample 
MR package (28) and MRPRESSO (27). A flowchart of the 
study is shown in Figure 2.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). No additional 
ethics approval or informed consent was required due to 
our study was based on public databases.

Results

The selection of IVs

After the PLINK clustering process of unbalanced 

interlocking, the linkage imbalance effect of specific flora was 
eliminated, and a series of quality controls, such as weakly 
related variables (F <10) of exposure factors were removed, 
2,559 SNPs were identified as IVs (tables available at https://
cdn.amegroups.cn/static/public/apc-23-15-1-5.zip). These 
SNPs were divided into phylum, class, family, order, and 
genus according to five levels, with 125, 224, 280, 434, 
and 1,496 SNPs respectively. To ensure that the effects 
of SNPs on exposure correspond to the same alleles as 
those obtained via the results, and to avoid distortions in 
chain direction or allele coding, we deleted palindromic 
SNPs (for example, alleles with A/G/T or G/C) through 
the code. We then compared the alleles with the human 
genome reference sequence (construction 37) during the 
coordination process and deleted ambiguous and duplicated 
SNPs. Finally, a new set of data that integrates the relevant 
SNPs of exposure and outcome was obtained (tables 
available at https://cdn.amegroups.cn/static/public/apc-
23-15-6-10.zip). Using the PhenoScanner (V2) database, 
rs11979110 was related to diabetes, rs79535861 was related 
to self-reported malignant melanoma, and rs4680035 was 
related to lymphoid malignancies, and the confounding 
factors were removed and re-analysed. Palindromic SNPs 
were removed simultaneously.

Two-sample MR analysis

IVW assessment showed a causal relationship between nine 
types of intestinal bacteria and pancreatic cancer (Figure 3). 
Among them, the Erysipelotrichia class [odds ratio (OR) 
=2.33; 95% confidence interval (CI): 1.26–4.30; P=0.007], 
Erysipelotrichaceae family (OR =2.33; 95% CI: 1.26–4.30; 
P=0.007), Veillonellaceae family (OR =1.53; 95% CI: 
1.01–2.31; P=0.05), Alloprevotella genus (OR =1.64; 95% 
CI: 1.05–2.54; P=0.03), and Odoribacter genus (OR =2.46; 
95% CI: 1.15–5.25; P=0.02). The Parabacteroides genus (OR 
=3.18; 95% CI: 1.32–7.66; P=0.01), and Erysipelotrichales 
order (OR =2.33; 95% CI: 1.26–4.30; P=0.007) were 
associated with increased risk of pancreatic cancer. The 
Bacteroidales family S24-7 group (OR =0.61; 95% CI: 
0.38–0.98; P=0.04) and Lactococcus genus (OR =0.63; 95% 
CI: 0.41–0.98; P=0.04) were associated with reduced risk 
of pancreatic cancer. Additionally, three methods, MR-
Egger, weighted median, and weighted mode, were used to 
assess the causal impact of the gut microbiota on pancreatic 
cancer. The results were similar to the IVW results (Table 1).

The results of the MR-Egger intercept and MR-PRESSO 
global tests showed that there was no horizontal pleiotropy 

GWAS summary data for gut microbiome (exposure)

Select IVs (P<1×10−5) 
Perform LD clumping (R2<0.001, window size =10,000 kb)

GWAS summary data for pancreatic cancer (outcome) 
Extract the IVs (after LD)

Data harmonization 
Harmonize effect size of the IVs on the exposure and outcome date

MR analysis 
IVW, MR-Egger, weighted median, and weighted mode

Horizontal pleiotropy, heterogeneity and outliers test

Figure 2 Study design and workflow. GWAS, genome-wide 
association studies; IVs, instrumental variables; LD, linkage 
disequilibrium; MR, Mendelian randomisation; IVW, inverse 
variance weighted. 
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Figure 3 Forest plot of the association between gut microbiome and pancreatic cancer. SNP, single nucleotide polymorphism; OR, odds 
ratio; CI, confidence interval. 
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in the IV of the nine gut microbiota groups associated with 
pancreatic cancer (pMR-Egger intercept >0.05 and global 
pMR-PRESSO >0.05). Additionally, the results of Cochran’s 
Q test showed no significant heterogeneity in the selected 
SNP (P>0.05) (Table 2). Furthermore, the scatter plot  
(Figure 4) revealed the effect of gut microbiota on pancreatic 
cancer. The leave-one-out methods (Figure 5) showed that 
in addition to Erysipelotrichia, Erysipelotrichaceae, and 
Erysipelotrichales, some single SNPs may have dominated 
the positive results.

Discussion

Based on a new large GWAS database, to our knowledge, 
this study used the MR method for the first time to 
explore the causal relationship between gut microbiota 
and pancreatic cancer. Seven types of gut microbiota were 
associated with an increased risk of pancreatic cancer, and 
two types were associated with a lower risk of pancreatic 
cancer.

The pancreas is generally considered a sterile organ, 
which contains many proteases and is highly alkaline; most 
microorganisms cannot survive in the pancreatic juice. 
However, using a 16SrRNA fluorescence probe and real-
time quantitative polymerase chain reaction (qPCR), it was 
found that the number of bacteria in the pancreas of patients 
with pancreatic cancer increased 1,000 times compared to 
that in normal pancreatic tissue (29). Pushalkar et al. (30)  
analysed the bacterial composition of faecal samples from 
63 individuals, including 32 patients with pancreatic cancer 
and 31 healthy controls. The top three bacteria in the faeces 
of patients with pancreatic cancer were Proteus species, 

synergistic flora, and archaea, whereas the faeces of the 
healthy control group were mainly composed of Bacteroides, 
Clostridium, and actinomycetes. Additionally, Half et al. (31)  
had a considerable decrease in the number of bacteria 
belonging to the Pleurobacterium genus in the faeces of 
patients with pancreatic cancer. These findings suggest 
that the gut microbiota of patients with pancreatic cancer 
substantially differs from that of healthy controls. The 
ecological imbalance of the gut microbiota, interference 
of normal metabolic function, and toxic metabolites are 
closely related to the occurrence of pancreatic cancer and 
even affect the prognosis (32). However, these studies 
mainly collected faeces from patients with pancreatic 
cancer, and the results obtained by histological analysis 
were based on cross-sectional studies. Differences in faecal 
or rectal bacterial abundance and composition between 
pancreatic cancer patients and healthy controls could not 
explain the causal relationship between the two. This MR 
study found that Erysipelotrichia, Erysipelotrichaceae, 
Veillonellaceae, Alloprevotella, Odoribacter, Parabacteroides, 
and Erysipelotrichales were associated with an increased risk 
of pancreatic cancer. The Bacteroidales S24-7 group and 
Lactococcus were associated with a lower risk of pancreatic 
cancer. The results were consistent with those of the IVW, 
weighted median method, and MR-Egger regression. The 
data used in this study came from two large-scale GWAS 
studies, and the included IVs were screened using the 
PhenoScanner database; their F statistics were all greater 
than 10, and there was no obvious heterogeneity or multiple 
effects among IVs. These conditions ensured the robustness 
of the MR results.

This study confirmed the role of Bacteroides in reducing 
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Table 1 MR results of causal effects between gut microbiome and pancreatic cancer

Exposure SNP, n Methods Beta Se OR (95% CI) P

Class Erysipelotrichia 13 IVW 0.85 0.31 2.33 (1.26–4.30) 0.007 

13 MR-Egger 2.27 1.35 9.67 (0.69–135.24) 0.12 

13 Weighted median 0.72 0.43 2.06 (0.88–4.82) 0.10 

13 Weighted mode 0.84 0.71 2.32 (0.57–9.39) 0.26 

Order 
Erysipelotrichales 

13 IVW 0.85 0.31 2.33 (1.26–4.30) 0.007 

13 MR-Egger 2.27 1.35 9.67 (0.69–135.24) 0.12 

13 Weighted median 0.72 0.43 2.06 (0.89–4.77) 0.09 

13 Weighted mode 0.84 0.67 2.32 (0.62–8.65) 0.23 

Family Bacteroidales 
S24-7 group 

8 IVW −0.49 0.24 0.61 (0.38–0.98) 0.04 

8 MR-Egger −0.29 0.98 0.75 (0.11–5.07) 0.78 

8 Weighted median −0.38 0.30 0.68 (0.38–1.24) 0.21 

8 Weighted mode −0.32 0.45 0.72 (0.30–1.74) 0.49 

Family 
Erysipelotrichaceae 

13 IVW 0.85 0.31 2.33 (1.26–4.30) 0.007 

13 MR-Egger 2.27 1.35 9.67 (0.69–135.24) 0.12 

13 Weighted median 0.72 0.43 2.06 (0.89–4.74) 0.09 

13 Weighted mode 0.84 0.71 2.32 (0.58–9.35) 0.26 

Family Veillonellaceae 17 IVW 0.43 0.22 1.53 (1.01–2.31) 0.05 

17 MR-Egger 0.66 0.43 1.54 (1.00–2.35) 0.05 

17 Weighted median 0.42 0.31 1.93 (0.83–4.47) 0.15 

17 Weighted mode 0.66 0.39 1.52 (0.83–2.79) 0.18 

Genus Alloprevotella 4 IVW 0.49 0.22 1.64 (1.05–2.54) 0.03 

4 MR-Egger 0.85 2.30 2.35 (0.03–213.28) 0.75 

4 Weighted median 0.47 0.27 1.60 (0.95–2.70) 0.08 

4 Weighted mode 0.34 0.38 1.40 (0.67–2.93) 0.44 

Genus Lactococcus 8 IVW −0.46 0.22 0.63 (0.41–0.98) 0.04 

8 MR-Egger −0.01 1.09 0.99 (0.12–8.39) >0.99 

8 Weighted median −0.43 0.26 0.65 (0.39–1.08) 0.09 

8 Weighted mode −0.42 0.37 0.66 (0.32–1.36) 0.29 

Genus Odoribacter 7 IVW 0.90 0.39 2.46 (1.15–5.25) 0.02 

7 MR-Egger 1.84 1.26 6.27 (0.53–73.54) 0.20 

7 Weighted median 0.71 0.51 2.04 (0.75–5.52) 0.16 

7 Weighted mode 0.59 0.72 1.81 (0.44–7.46) 0.45 

Genus 
Parabacteroides

5 IVW 1.16 0.45 3.18 (1.32–7.66) 0.01 

5 MR-Egger 4.51 2.80 91.19 (0.38–21,991.68) 0.21 

5 Weighted median 1.49 0.57 4.43 (1.45–13.49) 0.009 

5 Weighted mode 1.62 0.74 5.05 (1.18–21.61) 0.10 

MR, Mendelian randomisation; SNP, single nucleotide polymorphism; Se, standard error; OR, odds ratio; CI, confidence interval; IVW, 
inverse variance weighted. 
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Table 2 Sensitivity analyses of MR

Exposure

Horizontal pleiotropy Heterogeneity

MR PRESSO MR-Egger IVW MR-Egger

RSSobs P value
Egger_

intercept
Se P value Q Q_df Q_pval Q Q_df Q_pval

Class Erysipelotrichia 14.458 0.44 −0.089 0.082 0.30 12.099 12 0.44 10.921 11 0.45 

Order 
Erysipelotrichales

14.458 0.43 −0.089 0.082 0.30 12.099 12 0.44 10.921 11 0.45 

Family Bacteroidales 
S24-7 group

2.798 0.95 −0.021 0.096 0.84 2.161 7 0.95 2.115 6 0.91 

Family 
Erysipelotrichaceae

14.458 0.44 −0.089 0.082 0.30 12.099 12 0.44 10.921 11 0.45 

Family Veillonellaceae 16.014 0.60 −0.021 0.034 0.55 14.193 16 0.58 13.822 15 0.54 

Genus Alloprevotella 1.480 0.86 −0.053 0.331 0.89 0.814 3 0.85 0.789 2 0.67 

Genus Lactococcus 12.132 0.26 −0.063 0.150 0.69 9.843 7 0.20 9.560 6 0.14 

Genus Odoribacter 9.387 0.38 −0.073 0.093 0.47 6.923 6 0.33 6.162 5 0.29 

Genus 
Parabacteroides

3.156 0.76 −0.295 0.242 0.31 2.059 4 0.73 0.582 3 0.90 

MR, Mendelian randomisation; IVW, inverse variance weighted; RSSobs, MR-PRESSO globe test; MR-PRESSO, MR pleiotropy residual 
sum and outlier; Se, standard error; df, degree of freedom.

the risk of pancreatic cancer because Bacteroides can produce 
large amounts of butyrate, which can achieve anti-tumor 
effects by inhibiting histone deacetylase and telomerase 
activity. In addition, butyrate can induce regulatory T-cell 
proliferation, produce anti-inflammatory cytokines, reduce 
DNA oxidative damage, induce apoptosis of DNA-damaged 
cells, and prevent tumor cell growth. Regulating the level 
of butyric acid by interfering with the intestinal flora may 
be helpful in the prevention and treatment of pancreatic 
cancer. However, some of the results of this study differ 
from those of previous studies, probably because most of 
the previous studies were case-control studies, in which 
the time and results of exposure are difficult to confirm. In 
addition, in observational studies, the association between 
the intestinal flora and pancreatic cancer is easily affected 
by confounding factors such as age, environment, dietary 
patterns, and lifestyle, which are difficult to control. These 
conditions limit causal inferences with respect to the 
intestinal flora and pancreatic cancer.

However,  the complex mechanism between gut 
microbiota and pancreatic cancer requires further 
exploration. In recent years, some studies have shown that 
gut microbiota imbalance produces related inflammatory 
mediators, which activate the body’s immune function 

and related signalling pathways, induce DNA chain 
damage and oxidative stress response (33,34), thus further 
inducing tumourigenesis. Therefore, the intervention of 
gut microbiota in the occurrence of pancreatic tumours 
is not a direct effect of gut microbiota on the pancreas, 
but an indirect intervention through inflammation and 
immune response (35,36). However, injured acinar cells 
promote inflammatory response and produce inflammatory 
mediators by releasing digestive enzymes and inflammatory 
mediators, and cytokines activate inflammatory cytokines 
TNF-α and IL-1β produced by macrophages, which 
further aggravate cell injury and induce tumour cells to  
produce (37). TNF-α also promotes PD-L1 expression 
in pancreatic cancer cells mediated by NF-κB. This leads 
to poor prognosis for pancreatic cancer (38). Overall, 
the immune system maintains a steady state with the 
gut microbiota, and an imbalance in the gut microbiota 
activates the immune system, promotes the proliferation of 
inflammatory cells, and inhibits apoptosis. As our research 
was mainly based on correlation analysis, we cannot prove 
the underlying mechanisms by which bacteria affect 
pancreatic cancer, and these mechanisms need to be further 
studied.

This study has limitations as follows: (I) the database 
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Figure 4 Scatter plots for the causal association between gut microbiota and pancreatic cancer. (A) The scatter plot of the causal effect of 
class Erysipelotrichia on pancreatic cancer risk. (B) The scatter plot of the causal effect of order Eeysipelotrichales on pancreatic cancer risk. 
(C) The scatter plot of the causal effect of family Bacteroidales S24-7 groups on pancreatic cancer risk. (D) The scatter plot of the causal 
effect of family Erysipelotrichaceae on pancreatic cancer risk. (E) The scatter plot of the causal effect of family Veillonellaceae on pancreatic 
cancer risk. (F) The scatter plot of the causal effect of geuns Alloprevotella on pancreatic cancer risk. (G) The scatter plot of the causal effect 
of genus Lactococcus on pancreatic cancer risk. (H) The scatter plot of the causal effect of genus Odoribacter on pancreatic cancer risk. (I) 
The scatter plot of the causal effect of genus Parabacteroides on pancreatic cancer risk. Analyses were conducted using the inverse-variance 
weighted, MR-Egger, weighted median,  and weighted mode methods. The slope of each line corresponding to the causal estimates for each 
method. MR, Mendelian randomisation; SNP, single nucleotide polymorphism. 
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Figure 5 Leave-one-out plots for the causal association between gut microbiota and pancreatic cancer. (A) MR leave-on-out sensitivity 
analysis for class Erysipelotrichia on pancreatic cancer. (B) MR leave-on-out sensitivity analysis for order Eeysipelotrichales on pancreatic 
cancer. (C) MR leave-on-out sensitivity analysis for family Bacteroidales S24-7 groups on pancreatic cancer. (D) MR leave-on-out sensitivity 
analysis for family Erysipelotrichaceae on pancreatic cancer. (E) MR leave-on-out sensitivity analysis for family Veillonellaceae on pancreatic 
cancer. (F) MR leave-on-out sensitivity analysis for geuns Alloprevotella on pancreatic cancer. (G) MR leave-on-out sensitivity analysis for 
genus Lactococcus on pancreatic cancer. (H) MR leave-on-out sensitivity analysis for genus Odoribacter on pancreatic cancer. (I) MR leave-on-
out sensitivity analysis for genus Parabacteroides on pancreatic cancer. MR, Mendelian randomisation. 
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included in this study is based on a European population, 
which may produce demographic bias, and the results may 
not be applicable to other races or populations without 
further stratification analysis based on sex, age, menopausal 
status, and other factors; (II) a small number of IVs that 
met the strict threshold (P<5×10−8), therefore, a relatively 
loose threshold (P<1×10−5) was used to filter the IVs; (III) 
the number of pancreatic cancer cases was relatively small; 
therefore, it is necessary to analyse GWAS summary data 
based on a larger sample size in the future to increase 
the credibility of the results; and (IV) only the causal 
relationship between exposure factors and the final disease 
was inferred, and no basic research was conducted to 
explore its mechanism or pathophysiological basis.

Conclusions

Overal l ,  nine potential  causal  relat ionships were 
identified by the MR analysis in 211 gut microbiota and 
pancreatic cancer. Erysipelotrichi, Erysipelotrichaceae, 
Veillonellaceae, Alloprevotella, Odoribacter, Parabacteroides, 
and Erysipelotrichales are associated with an increased risk 
of pancreatic cancer. The Bacteroidales S24-7 group and 
Lactococcus are associated with a reduced risk of pancreatic 
cancer. The causal relationship between some exposure 
factors and pancreatic cancer remains controversial 
due to some inconsistent results with previous studies 
compared with this study. Therefore, further studies with 
larger sample sizes, boarder population demographics, 
pathophysiological factors are required. Nevertheless, 
this study will have an important, positive impact on the 
prevention and treatment of pancreatic cancer, not only in 
public health, but also in clinical practice.
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