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Abstract
Background  Existing cohort studies show no association between insulin use and cancers of the digestive system, 
while numerous meta-analyses suggest that insulin use increases the risk of digestive system tumours. This study uses 
two-sample Mendelian randomization (MR) to further investigate the causal relationship between the two.

Methods  We selected single nucleotide polymorphisms (SNPs) strongly associated with insulin use as instrumental 
variables and used aggregated statistics on digestive system neoplasms as the outcome event. The primary method 
of analysis was inverse variance weighting (IVW), supplemented by weighted median, MR-Egger regression, weighted 
mode and simple mode methods. The reliability of the study was assessed by heterogeneity testing, pleiotropy 
analysis and sensitivity analysis.

Result  A total of 8 SNPs associated with insulin use were included as instrumental variables. Random-effects 
IVW analysis showed an association between insulin use and increased risk of colorectal cancer (OR = 1.1037, 
95%CI = 1.0183–1.1962, P = 0.016). No statistically significant association was found between insulin use and the 
development of other digestive system tumours. The results were unaffected by pleiotropy and heterogeneity, and 
the reliability of the findings was confirmed by sensitivity analysis.

Conclusion  Our Mendelian randomization study suggests an association between insulin use and an increased 
risk of CRC, with no clear association observed for other digestive system tumours. However, further MR studies with 
larger sample sizes from genome-wide association study (GWAS) data are needed to verify this association.
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Introduction
Digestive system cancers are are a leading global health 
problem, with high morbidity and mortality rates that 
present significant challenges. In 2020, there will be 
more than 5 million new cases and more than 3.5 million 
deaths, accounting for more than a quarter of all cancer-
related mortality [1], representing not only a major threat 
to human health, but also an enormous socio-economic 
burden [2, 3]. The aetiology of these cancers includes 
both genetic factors and lifestyle-related risks such as 
increased BMI, Helicobacter pylori infection, high alco-
hol consumption, smoking and poor dietary habits [4–6]. 
Early diagnosis and treatment are important, but so are 
preventive measures such as adopting healthy lifestyle 
habits and reducing alcohol consumption.

In recent years, rapid advances in science, technol-
ogy and socioeconomics have significantly changed 
people’s diets and lifestyles. Decreased physical activity 
and increased consumption of foods high in sugar have 
contributed to an annual increase in the incidence of dia-
betes, leading to a corresponding increase in the use of 
exogenous insulin [7]. A number of studies suggest that 
insulin use may increase the risk of cancer in people with 
diabetes [8–10]. In particular, a prospective study by 
Campbell et al. showed that men with type 2 diabetes had 
an increased risk of CRC compared with the non-dia-
betic population (RR: 1.24; 95%CI: 1.08–1.44). This risk 
was further increased in diabetic patients using insulin 
(RR: 1.36; 95%CI: 1.05–1.78), although insulin use was 
not associated with an increased risk of CRC in female 
patients [11]. Conversely, other studies have found no 
association between insulin use and the risk of digestive 
system tumours [12, 13].

The conflicting conclusions of existing studies may 
be due to limited sample sizes and potential confound-
ing factors. Therefore, more clinical trials are needed to 
determine whether there is a causal relationship between 
insulin use and gastrointestinal cancers.

Mendelian randomization (MR), a widely utilized 
method in recent years, offers a valuable approach to infer 
causal relationships between exposures and diseases. MR 
employs SNPs as IVs to ascertain these causal links. By 
leveraging the random allocation of alleles from parents, 
akin to randomized controlled trials, MR significantly 
mitigates the impact of confounding variables on study 
outcomes [14]. Moreover, MR circumvents the influ-
ence of environmental and behavioral factors on genetic 
variants, thus avoiding confounding biases and reverse 
causality issues. This method provides a more precise 
tool for evaluating the causal associations between expo-
sures and diseases [15, 16]. Given the inconsistencies in 
prior research findings, this study employs a two-sample 
Mendelian randomization approach to investigate the 

potential causal relationship between insulin use and 
digestive system cancer.

Materials and methods
Study design
In this research, we employed a two-sample MR study to 
explore the potential causal link between insulin use and 
digestive system cancers, with a particular focus on CRC. 
The MR method was selected for its capacity to utilize 
genetic variants as IVs, which minimizes confounding 
and reverse causation biases typically present in obser-
vational studies.The MR approach is underpinned by 
the concept that genetic variants, such as SNPs, are ran-
domly allocated, akin to a randomized controlled trial, 
thus reducing the impact of various confounding factors. 
This study is founded on three key assumptions essential 
for the validity of MR methods: the relevance assump-
tion, which demands a significant correlation between 
the IVs and insulin use; the exclusivity assumption, which 
stipulates that the IVs should not be associated with any 
confounders between insulin use and cancer outcomes; 
and the independence assumption, which asserts that 
IVs influence cancer outcomes solely through insulin use, 
without other biological pathways involved. The study 
design process for this trial and the three key assump-
tions for Mendelian randomization are shown in Fig. 1.

Data sources
Exposure and outcome data for our study were sourced 
from the OpenGWAS database, which is accessible at 
https://gwas.mrcieu.ac.uk/. We utilized the Neale Lab 
GWAS dataset (ukb-a-153), encompassing 337,159 Euro-
peans, with 3,319 insulin users as cases and 333,840 
non-users as controls. Insulin use was evaluated through 
questionnaires, medical records, and prescription data, 
all of which were subjected to stringent quality con-
trol for accuracy and reliability. For our primary out-
come, CRC, we extracted data from the UK Biobank 
(ieu-b-4965), comprising 377,673 Europeans, includ-
ing 5,657 CRC patients and 372,016 without CRC. CRC 
was defined using EFO terminology: EFO:0005842 for 
“colorectal cancer” and EFO:1,001,951 for “colorectal car-
cinoma,” both referring to adenocarcinomas of the colon 
or rectum. To mitigate sample overlap bias, our digestive 
system cancer dataset was compiled from various con-
sortia, including IEU, UKB, EBI, and FinnGen, and was 
based on genetic information from the European popu-
lation. Further details and GWAS data sources for the 
variables are presented in Table 1. To prevent bias from 
population stratification, our study exclusively included 
individuals of European descent. The GWAS IDs can be 
queried at the OpenGWAS database, which offers open-
access, unrestricted data.

https://gwas.mrcieu.ac.uk/
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Sample size
In genome-wide association studies (GWAS), deter-
mining an adequate sample size is essential for ensur-
ing adequate statistical power. We estimated the effect 
size between insulin use and CRC risk, assuming a lin-
ear relationship and setting our statistical power at 80% 
(1-β) and a significance level (α) of 0.05, which aligns 

with common research standards.Using the formula 
n=( Z1−α /2+Z1−β

Effect size )2× 1
Var . To ensure adequate statistical 

power in our GWAS, we calculated the required sample 
size using established parameters: a critical value of 1.96 

for a two-tailed test at α = 0.05 and a corresponding value 
of 0.84 for achieving 80% power. We aimed to detect the 
smallest effect size, determined from prior meta-anal-
yses [17–20], which yielded an average odds ratio (OR) 
of 1.59. Using the formula Effect Size = ln(OR), we found 
a minimum effect size of 0.47. We considered the vari-
ances of insulin use (0.00974) and CRC (0.01478), opting 
for the larger variance of 0.01478 to ensure a sufficiently 
large sample size. Applying these values to the sample 
size formula, we estimated a need for approximately 
2401 samples to detect the effect size between insu-
lin use and CRC risk. However, our actual datasets far 

Table 1  Detailed information and sources of GWAS datea for the included variables
Exposure/
Outcome

GWAS ID Sample 
size

Case 
group

Control 
group

Consortium Population 
source

Data 
source 
link

Exposure https://
gwas.
mrcieu.
ac.uk/

  Insulin use ukb-a-153 337,159 3,319 333,840 Neale Lab European
Outcome
  CRC ieu-b−4965 377,673 5,657 372,016 UK Biobank European
  Small 
intestine

ukb-a-56 337,159 156 337,003 Neale Lab European

  Gastric ebi-a-GCST90018849 476,116 1,029 475,087 EBI European
  Liver finn-b-C3_LIVER_INTRAHEPATIC_BILE_DUCTS 218,792 304 218,488 FinnGen European
  Esophagus ieu-b-4960 372,756 740 372,016 UK Biobank European
  Pancreas ebi-a-GCST90018893 476,245 1,196 475,049 EBI European
NA: Not available; CRC: Colorectal cancer

Fig. 1  The design process and three assumptions of the TSMR Study
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exceeded this requirement: the insulin use dataset (ukb-
a-153) comprised 337,159 samples, and the CRC dataset 
(ieu-b-4965) included 377,673 samples. These substantial 
sample sizes provide ample statistical power to identify 
associations between insulin use and CRC risk.

IVs selection and evaluation
We initially identified SNPs significantly linked to insu-
lin use as instrumental variables (IVs) from the IEU Open 
GWAS database, adhering to a stringent criterion of 
p < 5 × 10− 8 for significance. To mitigate linkage disequi-
librium and ensure IV independence, we applied param-
eters r2 < 0.001 and kb > 10,000  kb. Furthermore, we 
utilized the MR-PRESSO method to detect and exclude 
outliers and palindromic sequences, thereby bolstering 
the study’s reliability. The F-statistic for each SNP was 
calculated using the formula F = β2exposure/SE2expo-
sure, with those below a threshold of 10, indicating weak 
instruments, being excluded to prevent bias. By rigor-
ously applying these criteria, we enhanced the reliabil-
ity of our MR study, with the selected SNPs detailed in 
Table 2.

Mendelian randomization analyses
To increase the reliability of our study, we used five dif-
ferent MR methods to investigate the causal relation-
ship between insulin use and digestive cancers. Our 
primary method was Inverse Variance Weighting (IVW), 
which uses a linear regression model to estimate causal 
effects under the assumption that all SNPs are valid IVs 
that influence cancer outcomes solely through insulin 
use, with no horizontal pleiotropy. Given the potential 

for pleiotropy to bias results, we complemented IVW 
with four additional MR methods. The weighted median 
method provides a robust causal effect estimate by pre-
dicting the effect of each SNP on exposure and outcome, 
and assigning weights based on the variance of these pre-
dictions. The MR-Egger method accounts for possible 
heterogeneity among IVs, provides a corrected causal 
effect estimate, and detects pleiotropy through its inter-
cept; a value close to zero indicates minimal pleiotropy, 
while deviations indicate its presence. The results of 
these tests for heterogeneity and pleiotropy are shown 
in Table  3. We also used simple and weighted models 
to strengthen our MR results. By using MR methods 
with different assumptions, rather than relying on IVW 
alone, we improved the stability and reliability of our 
causal inferences between insulin use and digestive sys-
tem tumours. This comprehensive approach deepens our 
understanding of how insulin use in people with diabetes 
might affect the risk of digestive system tumours.

Sensitivity analysis
To ensure the robustness and consistency of the results 
of our Mendelian randomisation study, and to identify 
potential biases, we implemented a number of quality 
control measures. First, we meticulously cleaned each 
dataset, removing missing data, outliers and erroneous 
records to improve data quality and analytical preci-
sion. Heterogeneity among genetic variants was assessed 
using Cochran’s Q test, with a P value of less than 0.05 
indicating significant variation among SNPs serving 
as IVs. We also used the MR Egger intercept and MR-
PRESSO to detect horizontal pleiotropy in SNPs. The MR 

Table 2  Detailed information and intensity evaluation of SNPs were included in this study
SNP EA OA BETA SE P N chr Position R2 F-statistic
rs1064173 A G 0.00824 0.00028 7.46E-193 337,159 6 32,627,480 9.67E-04 879
rs114355928 T G 0.00818 0.00071 1.56E-30 337,159 6 32,265,881 1.99E-05 132
rs3129886 C T 0.00414 0.00028 3.70E-50 337,159 6 32,410,576 2.20E-04 222
rs6679677 A C 0.00387 0.00040 1.42E-22 337,159 1 114,303,808 4.66E-05 96
rs689 T A 0.00292 0.00027 6.08E-28 337,159 11 2,182,224 1.31E-04 120
rs7744001 A G -0.00269 0.00026 4.27E-25 337,159 6 32,626,086 1.21E-04 107
rs7903146 T C 0.00238 0.00026 2.42E-19 337,159 10 114,758,349 8.83E-05 81
rs9380190 C T -0.00204 0.00034 1.85E-09 337,159 6 30,769,565 2.41E-05 36

Table 3  Pleiotropy and heterogeneous analysis of the causal relationship between insulin use and digestive system malignancy
Outcomes Heterogeneity test Pleiotropy test

MR-Egger IVW MR-Egger

Q Q_df Q_pval Q Q_df Q_pval Intercept SE P
CRC 13.91 6 0.03 14.55 7 0.04 −2.11E−04 4.00E−04 0.617
Small intestine 5.17 6 0.52 7.01 7 0.43 −6.88E−05 4.93E−05 0.224
Gastric 16.18 6 0.01 29.42 7 0.01 −5.89E−02 2.66E−02 0.686
Liver 6.57 5 0.25 7.49 6 0.28 −0.116 0.138 0.439
Esophagus 5.82 6 0.44 6.09 7 0.52 5.12E−05 9.69E−05 0.616
Pancreas 17.17 6 0.01 17.24 7 0.02 0.009 0.059 0.873
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Egger intercept, which is designed to detect pleiotropy, 
approaches zero with a lower probability of pleiotropy. 
Conversely, the MR-PRESSO method was instrumen-
tal in identifying and removing outliers and pleiotropic 
SNPs that could bias our results by examining the cor-
relation between genetic variants and excluding those 
that unduly influence the MR results. We also used the 
MR Egger intercept and MR-PRESSO to detect horizon-
tal pleiotropy in SNPs. The MR Egger intercept, which 
is designed to detect pleiotropy, approaches zero as the 
probability of pleiotropy decreases. Conversely, the MR-
PRESSO method was instrumental in identifying and 
removing outliers and pleiotropic SNPs that could bias 
our results by examining the correlation between genetic 
variants and excluding those that unduly influence the 
MR results. For our two-sample Mendelian randomisa-
tion analysis, we used the R programming environment 
(version 4.3.3), R Studio (version 3.6.1), and the Two 
Sample MR package (version 0.5.11), with P values less 
than 0.05 considered statistically significant.

Results
Characteristics and results of selected SNP
To enhance the validity of our SNP selection, we adhered 
to stringent criteria. We identified SNPs associated 
with insulin use at a genome-wide significance level 
P < 5 × 10 − 8) and excluded those not meeting the link-
age disequilibrium threshold of r2 < 0.01. The remain-
ing SNPs served as our initial instrumental variables. 
We then calculated the F-statistic using the formula F = 
β2exposure/SE2exposure, where F-values greater than 10 
indicated sufficient statistical power to mitigate bias from 
the instrumental variables. The formula for calculating 
R2 is 2 × (1-EAF)×EAF×

(
β

SE×
√

N

)
2, considering the 

sample size (N), minor allele frequency (MAF), effect size 
(β), and standard error (SE) from the exposure GWAS 
study. Data for these calculations were sourced from the 
original literature or comprehensive GWAS summary 
files. Furthermore, to account for potential confound-
ing factors, we utilized the PhenoScanner V2 database 
to identify SNPs related to digestive system tumor risk 
factors, including smoking, alcohol consumption, inflam-
matory bowel disease, low fiber diet, and BMI. These 
SNPs, which could affect outcomes through alternative 
pathways, were excluded to maintain the integrity of our 
Mendelian randomization assumptions. After thorough 
screening, we selected a total of 47 SNPs as our final 
instrumental variables, with specific details presented in 
Table 2.

Causal associations of insulin use with CRC and other 
digestive system cancers
In our Mendelian randomization study, we investigated 
the causal associations between insulin use and CRC, as 
well as other cancers of the digestive system. A total of 
eight SNPs were rigorously selected as IVs to fulfil the 
three main hypotheses of the MR study, details of which 
are given in Table 2.

For CRC, the IVW approach showed a significant asso-
ciation with insulin use (OR = 1.1037, 95%CI = 1.0183–
1.1962, P = 0.016), suggesting an increased risk of CRC in 
diabetic patients using insulin. This finding was corrob-
orated by additional MR methods, all indicating a posi-
tive association, as detailed in Table  4 and visualised in 
Fig. 2. To ensure the reliability of our findings, we used 
MR-PRESSO (p = 0.36) and MR Egger intercept to detect 
pleiotropy and found no evidence of it, supporting the 
robustness of our results. Cochran’s Q test suggested 
that our study had some heterogeneity, which indicated 
that there were differences in the prediction effect size of 
single SNPs on the outcome, but this did not affect the 
reliability of the final results. The leave-one-out method 
further confirmed the stability and reliability of our 
results, as shown in Fig. 3.

To extend our investigation to other digestive cancers, 
we applied the same stringent criteria for SNP selection 
and used IVW as the primary method of analysis, sup-
plemented by four other methods. The results, shown 
in Table  4, indicated no significant causal association 
between insulin use and cancers of the stomach, small 
intestine, liver, oesophagus or pancreas, except for CRC. 
Heterogeneity and pleiotropy tests using Cochran’s Q test 
and MR-PRESSO confirmed the stability of these find-
ings, as shown in Fig. 4.

In conclusion, our study suggests a positive association 
between insulin use and the risk of CRC, with no signifi-
cant associations found for other cancers of the digestive 
system.

Discussion
In the present study, a two-sample Mendelian random-
ization approach was employed, utilising data from the 
OPEN GWAS database, to investigate the potential 
causal relationship between insulin use and digestive sys-
tem tumours.The findings suggest a notable association 
between insulin use and an elevated risk of CRC; how-
ever, they do not provide unequivocal evidence of causal-
ity for other types of digestive system cancers.

The rapid progression of the global economy and the 
development of technological innovations have pre-
cipitated profound lifestyle modifications, resulting in 
a proliferation of sugar-rich diets and, consequently, a 
marked escalation in the prevalence of diabetes [21]. 
This condition has become a critical global public health 
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issue due to its high incidence and costly treatments, 
significantly threatening public health [22]. Data indi-
cates that in 2017, the global prevalence of diabetes was 
approximately 425 million, a figure that climbed to 9.3% 
in 2019. Projections indicate that by 2045, the number 
of affected individuals will rise to 629 million, represent-
ing a 50% increase from 2017 [23]. Diabetes mellitus, a 
prevalent endocrine disorder, is primarily classified into 
type 1 (T1D) and type 2 (T2D), with T2D constituting 
approximately 90% of all diabetes cases [24]. T1D, which 
frequently manifests in adolescence, is typified by an 

autoimmune attack on the pancreatic β-cells, resulting in 
inadequate insulin production to satisfy the body’s meta-
bolic requirements. T2D, prevalent among middle-aged 
and elderly individuals, is typically linked to impaired 
β-cell function, necessitating the use of exogenous insu-
lin for nearly all diabetic patients. The American Diabetes 
Association’s glycemic control guidelines and numerous 
cohort studies [25–27] suggest that the initiation of insu-
lin therapy early in the course of the disease can reduce 
the risk of microangiopathy. Consequently, the reliance 

Table 4  MR results of the causal relationship between insulin and digestive system tumors
Outcomes Methods Nsnp β Se OR(95%CI) P-value FDR-corrected

P-value
Colorectal MR Egger 8 0.141 0.091 1.151 (1.018, 1.295) 0.173 0.216

Weighted median 8 0.115 0.034 1.122 (1.048, 1.201) 0.001 0.005
Inverse variance weighted 8 0.099 0.041 1.104 (1.018, 1.199) 0.016 0.027
Simple mode 8 0.070 0.063 1.073 (0.933, 1.234) 0.313 0.313
Weighted mode 8 0.120 0.036 1.128 (1.044, 1.216) 0.011 0.027

Gastric MR Egger 8 5.279 5.889 183.668 (0.238, ∞) 0.405 0.405
Weighted median 8 -3.899 2.383 0.020 (0.000, 1.461) 0.102 0.273
Inverse variance weighted 8 -5.971 3.726 0.002 (0.000, 0.154) 0.109 0.273
Simple mode 8 -7.608 8.329 0.000 (0.000, 0.004) 0.391 0.405
Weighted mode 8 -2.781 2.254 0.057 (0.010, 0.328) 0.257 0.405

Esophagus MR Egger 8 -0.013 0.022 0.987 (0.956, 1.019) 0.566 0.963
Weighted median 8 0.001 0.013 1.001 (0.978, 1.024) 0.963 0.963
Inverse variance weighted 8 -0.003 0.011 0.997 (0.976, 1.018) 0.765 0.963
Simple mode 8 0.008 0.021 1.008 (0.976, 1.041) 0.697 0.963
Weighted mode 8 0.003 0.015 1.003 (0.971, 1.036) 0.852 0.963

Small intestine MR Egger 8 0.020 0.011 1.020 (0.998, 1.042) 0.120 0.200
Weighted median 8 0.014 0.007 1.014 (1.000, 1.029) 0.025 0.125
Inverse variance weighted 8 0.007 0.005 1.007 (0.997, 1.018) 0.193 0.241
Simple mode 8 0.013 0.012 1.013 (0.989, 1.037) 0.364 0.364
Weighted mode 8 0.014 0.007 1.014 (0.999, 1.029) 0.098 0.200

Pancreas MR Egger 8 7.290 13.817 1404.892 (0.588, ∞) 0.617 0.771
Weighted median 8 12.709 4.959 351154.189 (20.905, ∞) 0.010 0.050
Inverse variance weighted 8 9.307 6.125 9542.088 (6.311, ∞) 0.129 0.215
Simple mode 8 1.305 11.988 3.689 (0.029, ∞) 0.916 0.916
Weighted mode 8 13.178 4.974 559101.526 (15.903, ∞) 0.033 0.083

Liver MR Egger 7 38.987 40.531 4959.511 (0.436, ∞) 0.380 0.602
Weighted median 7 12.975 16.644 435.582 (0.291, ∞) 0.436 0.602
Inverse variance weighted 7 7.042 13.492 1131.526 (0.772, ∞) 0.602 0.602
Simple mode 7 16.422 26.170 14590647.135 (0.053, ∞) 0.553 0.602
Weighted mode 7 13.254 21.230 559101.526 (2.236, ∞) 0.555 0.602

Fig. 2  Results of MR analysis of the causal association between insulin use and colorectal cancer
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on exogenous insulin in diabetes treatment is growing, 
reflecting an upward trend in global insulin usage.

The question of whether the use of insulin elevates 
the risk of cancer has proven to be a complex and long-
standing enigma within the medical research community. 
Given the prevalence of diabetes and its management 

through insulin therapy, elucidating the causal link 
between insulin and cancer is of paramount importance. 
Two primary mechanisms have been proposed to explain 
the potential role of insulin in tumour growth. Firstly, 
insulin’s interaction with the insulin receptor or the IGF 
receptor [28, 29]. Secondly, insulin’s facilitation of IGF-1 

Fig. 3  Scatter plot of MR Results of the association between insulin use and digestive system tumors. (A): Colorectal cancer; (B): Gastric cancer; (C): 
esophagus cancer; (D): Small intestine cancer; (E): Pancreatic cancer; (F): Malignant neoplasm of liver and intrahepatic bile ducts
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binding to the IGF receptor by suppressing IGF-binding 
proteins. This interaction establishes a network among 
IGF family members and other growth factors, influenc-
ing cellular processes such as proliferation, differentia-
tion, apoptosis, and transformation [30], with IGF family 
members being particularly implicated in cancer pro-
gression and metastasis [31, 32]. However, the intricate 

pathways connecting insulin use and cancer are not yet 
fully understood, necessitating speculation based on epi-
demiological and animal studies [8–13, 33, 34]. While 
cohort studies and animal experiments suggest a poten-
tial increase in cancer risk associated with insulin, these 
findings often do not align with clinical practice [35]. The 
potential causes of this discrepancy include factors such 

Fig. 4  Leave-one-out plot of MR results of the association between insulin use and digestive system tumors. (A): Colorectal cancer; (B): Gastric cancer; (C): 
Esophagus cancer; (D): Small intestine cancer; (E): Pancreatic cancer; (F): Malignant neoplasm of liver and intrahepatic bile ducts
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as small sample sizes, population diversity, inconsistent 
follow-up periods, and variations in dietary habits, which 
may all contribute to biases in the outcomes.

The findings of this study indicate a positive correlation 
between insulin use and CRC, yet no significant causal 
link was identified between insulin use and other gas-
trointestinal malignancies. In essence, while insulin use 
may mitigate the risk of microangiopathy and enhance 
survival rates in diabetic patients, it appears to poten-
tially elevate the risk of CRC in this population. In a study 
conducted by Chang CH et al. [36], 108,920 patients 
from the Taiwan National Health Insurance claims data-
base were enrolled, with 8,194 cancer patients constitut-
ing the experimental group and 32,776 diabetic patients 
serving as the control group. The study revealed that the 
use of any insulin was associated with an increased risk 
of cancer (OR = 1.97, 95%CI 1.85–2.09). Furthermore, 
the significant association between insulin use and an 
elevated risk of liver, colorectal, lung, stomach, and pan-
creatic cancers is at odds with the MR findings. This dis-
crepancy may be attributed to the previously mentioned 
confounding factors, including the geographical loca-
tion of the study (conducted in Taiwan, China, involving 
an Asian population) and the racial composition of the 
cohort (compared to our MR study, which focused on a 
European cohort). Furthermore, the subtropical climate 
and distinct dietary habits of Taiwan may contribute to 
the observed discrepancies in results when compared to 
Europe.

In the study conducted by Gu Y et al. [37], 98 patients 
in the insulin-using group developed cancer, compared to 
170 patients in the non-insulin-using group. The respec-
tive cancer incidence rates were 0.786% and 0.743%. The 
study’s findings indicated no significant difference in 
cancer risk between the two groups (RR = 1.20, 95%CI 
0.89–1.62, P = 0.228). It is noteworthy that the use of 
insulin not only increased the mortality risk among users 
(RR = 1.89, 95% CI 1.47–2.43, P < 0.0001) but was also 
significantly associated with an elevated risk of death in 
cancer patients (RR = 2.16, 95% CI 1.39–3.35, P = 0.001). 
These findings emphasise the necessity of formulating 
a range of personalised treatment strategies for cancer 
patients to improve their prognosis.

It is imperative to emphasise the contentious nature 
of insulin’s impact on hepatocellular carcinoma (HCC). 
While a number of studies have indicated a significant 
link between insulin use and liver cancer risk [36, 38], the 
present research did not establish a causal connection. 
The observed discrepancy can be attributed to two fac-
tors. Firstly, the data, sourced from a European database, 
may be subject to regional and ethnic variances, resulting 
in inconsistent findings. Secondly, as Yin J et al. [39] have 
demonstrated, chronic hepatitis B or C infection signifi-
cantly increases the risk of liver cancer among insulin 

users (OR = 1.27, 95%CI 1.04–1.55). However, the Global 
Burden of Hepatitis reports for 2009 and 2019 indicate 
that hepatitis B incidence in Europeans is notably lower 
than in Asians [40, 41]. The absence of genetic data on 
insulin users in Asia prevents further exploration of this 
relationship. Consequently, it is recommended that indi-
viduals who use insulin and have chronic viral hepatitis 
undergo regular liver function checks.

In the present study, the False Discovery Rate (FDR) 
correction was employed in order to address the issue 
of multiple comparisons. This approach has been dem-
onstrated to enhance the identification of authentic 
genetic associations, whilst concomitantly managing 
the false positive rate. The employment of FDR correc-
tion enabled a more precise evaluation of the association 
between insulin use and the risk of developing digestive 
tumours. This approach serves to minimise false posi-
tives arising from multiple testing, thereby enhancing 
the confidence in the genetic associations that have been 
identified. While FDR does elevate the statistical signifi-
cance threshold, it ensures the robustness of our findings. 
This approach empowers us to interpret our results with 
greater assurance by ruling out associations attributable 
to chance. While FDR correction is effective for control-
ling false positives, it may falter with small samples or 
weak effects. However, given the study’s substantial sam-
ple size, FDR correction effectively manages false posi-
tives, enhancing the study’s reliability and validity.

Limitations
The present study is not without limitations. First, the 
decision to focus exclusively on genetic data from Euro-
pean populations to reduce the impact of population 
stratification may have limited the generalisability of the 
findings. Secondly, the aggregation of data from GWAS 
without individual-level details precluded consideration 
of potential confounders such as age, weight, sex and 
medication regimens, which may have influenced the 
results, particularly given that diabetes treatments extend 
beyond insulin. Furthermore, the lack of GWAS data on 
insulin use in Asia, a region with high rates of gastroin-
testinal cancers, suggests that more comprehensive data 
and clinical trials are needed to validate our findings. The 
fact that both the small bowel cancer GWAS data and the 
insulin use dataset came from the same research groups 
deviates from the ideal two-sample MR design. Inter-
pretation of the results for small bowel cancer should be 
undertaken with caution. Finally, future research needs to 
address the potential accuracy and completeness limita-
tions of this study’s data, which were derived from public 
databases and not peer-reviewed, through measures such 
as data validation, peer review and collaborative sharing.
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Conclusion
In conclusion, our TSMR analysis suggests a positive causal 
association between insulin use and the risk of colorectal 
cancer. This finding has implications for CRC prevention 
in diabetic patients undergoing insulin therapy, empha-
sising the need for regular endoscopy and tumour marker 
testing. However, to increase the reliability of our MR find-
ings, we need additional comprehensive GWAS data with 
larger sample sizes. In addition, more clinical trials and basic 
research are needed to elucidate the biological mechanisms 
underlying the association between insulin use and cancer.
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