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Abstract
Background  Conventional epidemiological studies have reported inconsistent results regarding the potential 
adverse effects of long-term use of antihypertensive drugs on cancer risk. Nevertheless, evidence of their impact on 
pancreatic cancer risk is limited and deserves further elucidation.

Methods  We selected genetic variants from the genes encoding the target proteins (angiotensin-converting 
enzyme, beta-1 adrenergic receptor, and solute carrier family 12 member 3) of the examined antihypertensive drugs 
as instruments based on expression quantitative trait loci (eQTL) studies. Genetic summary statistics of blood pressure 
and pancreatic cancer were obtained from genome-wide association studies (GWASs) in Europeans and East Asians. 
Inverse-variance weight and MR-Egger methods were employed to estimate the effect of genetic variations in the 
drug targets on pancreatic cancer risk, and meta-analysis was used to combine the results from 3 independent 
datasets. Positive control analysis was conducted by using Wald ratio test to justify the genetic instruments of the 
drug by demonstrating the expected effect on the blood pressure which has an established causal relationship with 
the drug of interest.

Results  Genetically proxied ACEIs were associated with lower pancreatic risk (OR = 0.506, 95% CI: 0.284–0.901, 
P = 0.021; OR = 0.265, 95% CI: 0.094–0.751, P = 0.012; OR = 0.236, 95% CI:0.078–0.712, P = 0.010, respectively) in 3 
independent datasets and the combined results were validated in a meta-analysis using a random effects model 
(OR = 0.37, 95% CI: 0.22–0.64, P < 0.01) or fixed effects model (OR = 0.39, 95% CI: 0.25–0.62, P < 0.01). Other drug targets 
did not show consistent significant associations with pancreatic cancer risk in all 3 independent datasets.

Conclusions  Our study indicated that genetically proxied therapeutic inhibition of ACE was associated with a lower 
risk of pancreatic cancer, which may have translational potential in clinical practice. However, further long-term 
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Introduction
Pancreatic cancer (PC) is currently the fastest-growing 
contributor to cancer-related mortality, causing approxi-
mately 62,200 diagnoses and 48,800 deaths in the United 
States each year [1]. PC is considered the most aggressive 
cancer, and the main curative options for PC currently 
include surgical resection, radiotherapy, and chemother-
apy [2, 3]. Moreover, cancer patients commonly present 
with comorbidities, and both the comorbidities and the 
therapeutic agents may affect tumor biology, which poses 
a great challenge for cancer therapy and further research 
[4].

Hypertension, which affects 30% of adults world-
wide, is increasingly becoming a serious public health 
problem [5]. It is also one of the most common comor-
bidities among cancer patients [6]. However, there is 
uncertainty about the impact of antihypertensive therapy 
on cancer. Several observational studies have shown that 
long-term use of angiotensin-converting enzyme inhibi-
tor (ACEI)-based antihypertensive drugs has potential 
adverse effects on cancer [7, 8], whereas other studies 
have reported the opposite findings [9]. Furthermore, 
β-blockers and thiazide diuretics are commonly used 
antihypertensive agents, as well as ACEIs. A meta-anal-
ysis showed that β-blockers increased the risk of skin 
melanoma, while thiazide diuretics and ACEI antihyper-
tensive drugs were not associated with skin cancer risk 
[10]. Fewer findings from epidemiological studies on the 
risk of PC are ambiguous and controversial [11–13]. Con-
ventional epidemiologic studies are subject to a variety of 
biases, such as confounders and selection biases, which 
may affect the accuracy and reliability of results [14]. This 
approach has some limitations in inferring causality.

Mendelian randomization is an extensively utilized 
causal inference method in which genetic variants natu-
rally occurring in the genes encoding antihypertensive 
drug targets can serve as proxies to explore the impact 
of drug therapy on diseases [15]. Because genetic variants 
(alleles) are randomly assigned during meiosis, partici-
pants in an MR study are ‘randomized’ according to the 
presence of alleles. Therefore, MR employs a ‘randomiza-
tion’ method to reinforce the inference of exposure-out-
come associations by diminishing potential confounding 
factors and eliminating reverse causality [15]. Alterna-
tively, MR analyses can exploit the impact of long-term 
modulation of drug targets on cancer risk. Consequently, 
MR studies of drug targets can be used to simulate the 
effects of pharmacological modulation of drug targets 

in clinical trials and have been used in previous stud-
ies to predict the clinical benefits and adverse effects 
of therapeutic interventions [16, 17]. The evolution of 
genome-wide association studies (GWAS) and molecu-
lar mechanism characterization have contributed to a 
favorable foundation for the implementation of MR stud-
ies. At present, no study has comprehensively explored 
the causal relationship between antihypertensive drugs 
and PC through MR analysis. The use of MR to investi-
gate drug impact will help clinical doctors make better 
prescription decisions for patients with comorbidities. 
Here, we aimed to conduct an MR analysis to investigate 
the causal association between antihypertensive drugs 
(ACEIs, β-blockers and thiazide diuretics) and pancre-
atic cancer based on the genome-wide association study 
(GWAS) data.

Materials and methods
Study design and data sources
The outline of the study design is shown in Fig.  1. In 
this particular study, we first selected the target genes of 
three antihypertensive drugs as previously reported [18]: 
angiotensin-converting enzyme (ACE, the target of ACE 
inhibitors), beta-1 adrenergic receptor (ADRB1, the tar-
get of beta blockers) and solute carrier family 12 mem-
ber 3 (SLC12A3, the target of thiazide diuretics). Second, 
eligible single nucleotide polymorphisms (SNPs) from 
the genes responsible for encoding the target proteins of 
these antihypertensive drugs were chosen as instrumen-
tal variables based on the eQTL dataset. The validity of 
our MR study relies on the following four assumptions: 
(I) SNPs are associated with drug target genes; (II) SNPs 
are not associated with potential confounders; and (III) 
SNPs can only affect outcomes via drug target genes; 
and (IV) SNPs are in the range of cis-action of drug tar-
get genes (kb = 100). Third, we conducted MR analyses 
to assess whether there was a causal effect between drug 
target genes (the exposure) and PC (the primary out-
come) in separate datasets and combined the results on 
3 different GWAS datasets for PC using fixed and ran-
dom effects meta-analysis. Finally, we conducted MR for 
the genetically instrumented antihypertensive drugs and 
associated them with systolic and diastolic blood pres-
sure (positive control outcomes) to evaluate the validity 
of the selected genetic instruments.

All publicly available exposure and outcome summary 
data in this study were obtained from the IEU OpenG-
WAS project (https://gwas.mrcieu.ac.uk/, accessed on 

randomized controlled trials and observational studies are needed to clarify the effect of ACEIs on the pancreatic 
cancer risk.

Keywords  Pancreatic cancer, Antihypertensive drugs, Angiotensin-converting enzyme inhibitor, Mendelian 
randomization, Meta-analysis

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


Page 3 of 10Yao et al. BMC Cancer          (2025) 25:476 

December 29, 2023). The patients with PC included in 
this study are diagnosed by International Classifica-
tion of Disease (ICD) codes. Specifically, the sample 
sizes of PC datasets were 476,245(1196 patients, ebi-
a-GCST90018893, European ancestry), 196,187 (442 
patients, bbj-a-140, East Asian ancestry), and 159,700 
(499 patients, ebi-a-GCST90018673, East Asian ances-
try). The details on these datasets are listed in Table 1. For 
more information on the statistical analysis, imputation, 
and quality control measures, please refer to the original 
publications. The original GWASs were approved by the 
relevant institutional review boards and all the partici-
pants provided informed consent, therefore our study did 
not require approval from the ethics committee.

Instrumental variable selection
In the present study, we identified eligible independent 
significant SNPs (linkage disequilibrium (LD) clump-
ing threshold of r2 = 0.3 with a physical distance thresh-
old of 100  kb; minor allele frequency > 0.01, to ensure 
the independence of SNP avoiding LD; genome-wide 
P value < 5 × 10− 8) as instrumental variables from the 
eQTLs of drug target genes (Assumption I). F-statistic 
was also used to evaluate the strength of the selected 
SNPs and SNPs with F-statistic values less than 10 were 
excluded to reduce weak instrumental bias. Afterwards, 
with the use of the PhenoScanner database (​h​t​t​p​​:​/​/​​w​w​
w​.​​p​h​​e​n​o​​s​c​a​​n​n​e​r​​.​m​​e​d​s​c​h​l​.​c​a​m​.​a​c​.​u​k​/), SNPs that were 
associated with confounders or outcomes were removed 
(Assumptions II and III). Considering that cis-eQTLs 
were more proximal to the drug target genes in the study, 

Table 1  The data source used for MR analysis in this study
Data source Phenotype Sample size Cases Population Adjustment
eqtl-a-ENSG00000159640 ACE 31,684 - European Males and Females
eqtl-a-ENSG00000043591 ADRB1 26,609 - European Males and Females
eqtl-a-ENSG00000070915 SLC12A3 14,263 - European Males and Females
bbj-a-140 Pancreatic cancer 196,187 442 East Asian Males and Females
ebi-a-GCST90018673 Pancreatic cancer 159,700 499 East Asian -
ebi-a-GCST90018893 Pancreatic cancer 476,245 1196 European -
ebi-a-GCST90029011 Systolic blood pressure 469,767 - European -
ieu-b-39 diastolic blood pressure 757,601 - European Males and Females
Abbreviations: ACE, angiotensin-converting enzyme; ADRB1, beta-1 adrenergic receptor; SLC12A3, solute carrier family 12 member 3; MR, mendelian randomization; 
eqtl, expression quantitative trait loci

Fig. 1  Overview of the study design. Abbreviations: SNPs, single nucleotide polymorphisms; MR, mendelian randomization; ACE, angiotensin-converting 
enzyme; ADRB1, beta-1 adrenergic receptor; SLC12A3, solute carrier family 12 member 3

 

http://www.phenoscanner.medschl.cam.ac.uk/
http://www.phenoscanner.medschl.cam.ac.uk/


Page 4 of 10Yao et al. BMC Cancer          (2025) 25:476 

we selected cis-eQTLs within ± 100 kb from each gene’s 
genome position (Assumption IV). The relevant SNPs 
were extracted from the GWAS summary data for the 
outcome variables (pancreatic cancer, systolic blood pres-
sure, and diastolic blood pressure). When harmonizing 
the exposure and outcome data, palindromic SNPs with 
intermediate allele frequencies were also removed. Basic 
information on the selected instrumental variables used 
to assess the associations of drug targets with PC and 
systolic and diastolic blood pressure are listed in Tables 
S1 and S2. The detailed selection process is presented in 
Table S3.

MR analyses and meta-analysis
We conducted MR analyses using the inverse-variance 
weighted (IVW) method and MR-Egger method to verify 
the causal relationship between antihypertensive drug 
targets and the outcome variable (pancreatic cancer). If 
a single instrumental variable was obtained, the causal 
effect was estimated by the ratio of genetic associations 
with PC and drug target genes (Wald ratio test). Ran-
dom effects IVW was the primary method used when the 
instrumental variables consisted of multiple SNPs (≥ 4), 
as it offered more accurate estimates and confidence 
intervals than did the fixed effects IVW method [19]. 
The MR-Egger method was used as a supplement to the 
IVW approach, and it provided a consistent estimate of 
the causal effect under a weaker assumption—the Instru-
ment Strength Independent of Direct Effect (InSIDE) 
assumption. The intercept derived from MR-Egger 
regression was used to detect potential horizontal pleiot-
ropy, and a P value less than 0.05 indicated that horizon-
tal pleiotropy was present. If horizontal pleiotropy was 
detected, the MR‐Egger results were applied in our anal-
ysis. SNP heterogeneity was evaluated using I2 (< 25%: 
low heterogeneity, 25–50%: moderate, 50–75%: high and 
> 75%: very high) and Cochran’s Q methods (P < 0.05 as 
the significance level). We also conducted a sensitivity 
analysis using leave-one-out analysis. By removing each 
SNP in turn, the leave-one-out analysis could assess the 
possibility that a single SNP drives the observed associa-
tions [20]. All the analyses above were completed using 
the TwoSample MR package in R software (version 4.1.0). 
All tests were at the alpha = 0.05 significance level.

Fixed effects and random effects meta-analyses were 
performed to assess the pooled causal effects of drug 
target genes on PC using IVW estimates from the 3 out-
come datasets (bbj-a-140, ebi-a-GCST90018673 and ebi-
a-GCST90018893). Cochrane Q tests, and I-squared and 
τ2 statistics were used to test for and quantify between-
study heterogeneity. The analyses were conducted using 
“meta” package in R software (version 4.1.0).

Positive control analysis
The purpose of the positive control analysis is to validate 
the effectiveness of the selected instrumental variables 
and statistical methods by examining the causal rela-
tionship between drug target genes and known clinical 
outcomes [19]. In this study, we selected the antihyper-
tensive drug target gene ACE as the target and used blood 
pressure (including both systolic and diastolic blood 
pressure) as the positive control outcome, as changes 
in blood pressure are the expected therapeutic effect of 
antihypertensive drugs. We used eQTLs of the ACE gene 
as instrumental variables and employed the Wald ratio 
method to assess the causal relationship between ACE 
inhibitors and blood pressure. This approach was used 
to confirm whether ACE inhibitors reduce blood pres-
sure as expected, thereby demonstrating that the selected 
instrumental variables and statistical methods effectively 
reflect the biological effects of targeting ACE in antihy-
pertensive drug therapy.

Results
Instrumental variable selection
By using the method mentioned above, we identi-
fied 6 SNPs as proxies for ACE, 45 SNPs as proxies for 
ADRB1, and 13 SNPs as proxies for SLC12A3 respec-
tively to assess the causal relationship between drug 
targets and the risk of PC (Table S1). The power calcu-
lation is presented in Table S4. Specifically, the mean F 
statistics of the instruments were 135.74 for ADRB1, 
48.08 for SLC12A3, and 51.98 for ACE, indicating that 
weak instrument bias was unlikely to contribute to the 
analyses. Furthermore, we identified 1 SNP as genetic 
instrument in ACE to validate the association between 
ACE and blood pressure from GWAS data (Table S2). 
The F statistic of the SNPs was also greater than 10. The 
detailed characteristics of the included SNPs are pre-
sented in Table S5.

Causal association of antihypertensive drugs with PC 
based on eQTLs data of drug target genes
The causal effect estimates of the MR analyses for the 
association of drug targets of antihypertensive drugs 
(ACE, ADRB1, and SLC12A3) with PC are depicted in 
Fig.  2. Based on GWAS summary datasets, our results 
demonstrated that inhibition of the genetic proxy ACE 
was associated with a lower risk of PC (OR = 0.506, 95% 
CI: 0.284–0.901, P = 0.021, for ebi-a-GCST90018893; 
OR = 0.265, 95% CI: 0.094–0.751, P = 0.012, for ebi-
a-GCST90018673; OR = 0.236, 95% CI:0.078–0.712, 
P = 0.010, for bbj-a-140). Although inhibition of the 
genetic proxy ADRB1 was linked to an increased risk of 
PC by using IVW method (OR = 1.509, 95% CI:1.110–
2.049, P = 0.009), the results were inconsistent when 
MR-Egger was used (OR = 2.052, 95% CI:0.992–4.246, 
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P = 0.079). Notably, no significant association was 
detected between the genetic proxy SLC12A3 and the 
risk of PC (P > 0.05). There was no evidence of heteroge-
neity in the causal association of ACEIs with PC (I²=5%, 
Cochran’s Q = 1.0577, P = 0.3037) (Table 2).

Consequently, we pooled individual-level data from 
the 3 cohorts together to examine the combined effect 
of associations between genetically proxied inhibition 

of ACE and risk of PC (Fig. 3). The results were similar 
whether the effect was assessed using random effects 
model (OR = 0.37, 95% CI: 0.22–0.64, P < 0.01) or fixed 
effects model (OR = 0.39, 95% CI: 0.25–0.62, P < 0.01), 
indicating genetically proxied inhibition of ACE was 
significantly associated with risk of PC. Additionally, 
the heterogeneity analysis also revealed no significant 

Table 2  The association between genetically proxied Inhibition of ACE and risk of pancreatic cancer
Exposure Outcome Method Nsnp MR Heterogeneity Horizontal pleiotropy

OR
(95%CI)

P value I2

(%)
Co-
chran’s 
Q

P
value

Egger 
intercept

SE P
value

ACE inhibitor bbj-a-140 Inverse variance 
weighted

2 0.236
(0.078–0.712)

0.0103 0 0.2249 0.6354 - - -

ACE inhibitor ebi-a-GCST90018673 Inverse variance 
weighted

2 0.265
(0.094–0.751)

0.0124 0 0.2050 0.6507 - - -

ACE inhibitor ebi-a-GCST90018893 Inverse variance 
weighted

2 0.506
(0.284–0.901)

0.0207 5 1.0577 0.3037 - - -

Abbreviations: ACE, angiotensin-converting enzyme; MR, mendelian randomization; OR, odds ratio; CI, confidence interval; Nsnp, number of single nucleotide 
polymorphisms; SE, standard error

Fig. 3  Meta-analysis results of the association between genetically proxied inhibition of ACE and risk of pancreatic cancer. Abbreviations: TE, logOR; seTE, 
standard error of logOR; OR, odds ratio; CI, confidence interval

 

Fig. 2  Mendelian randomization estimates from instrument variants for drug targets of antihypertensive drugs on the risk of pancreatic cancer. Abbrevia-
tions: ACE, angiotensin-converting enzyme; ADRB1, beta-1 adrenergic receptor; SLC12A3, solute carrier family 12 member 3; MR, mendelian randomiza-
tion; OR, odds ratio; CI, confidence interval; Nsnp, number of single nucleotide polymorphisms
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heterogeneity between datasets (I²=5%, τ²=0.0485, 
Cochran’s Q test P = 0.35).

Causal association analysis of aceis with systolic and 
diastolic blood pressure (positive control)
To validate the instruments used in our study to proxy 
ACEI, we pooled summary genetic association data from 
published GWASs of systolic blood pressure (SBP) (ebi-
a-GCST90029011) and DBP (ieu-b-39) using the Wald 
ratio test (Table 3, Supplemental Fig. 1). ACEIs was asso-
ciated with lower SBP (OR = 0.919, 95% CI: 0.865–0.976, 
P = 0.0062). This mean that the genetically proxied serum 
ACE level per 1-SD decrease may be associated with a 
0.919 mmHg decrease in SBP. Similarly, SNPs for ACE 
was associated with lower diastolic blood pressure (DBP) 
(OR = 0.373, 95% CI: 0.222–0.627, P = 0.0002), indicating 
that 1-SD decrease in the serum ACE level was associated 
with a 0.373 mmHg decrease in DBP. In summary, posi-
tive control analyses confirmed that the selected genetic 
instruments for ACEI were effective.

Discussion
This is the first MR study to evaluate the potential 
impact of antihypertensive drugs on PC. We employed 
genetic variants mimicking antihypertensive drug tar-
gets to investigate their respective effects on PC risk. 
The results showed that genetically proxied ACEIs were 
associated with lower PC risk. In contrast, such an asso-
ciation was not observed with other antihypertensive 
drugs. To ensure a strong association between the instru-
mental variables and the exposure, we applied a strin-
gent threshold for SNPs selection, which consequently 
resulted in a limited number of SNPs included in the 
analysis. However, we implemented a positive control 
analysis, which served to validate the credibility and 
robustness of the selected instruments. These findings 
were validated by multiple MR approaches and differ-
ent independent datasets, which exhibited reliability and 
consistency. The heterogeneity statistics showed no sig-
nificant across the datasets. This suggests that the effect 
sizes observed in the different studies are consistent and 
that the datasets are sufficiently homogeneous for the 
purposes of our analysis. The absence of significant het-
erogeneity strengthens the validity of our findings, as it 
indicates that the observed associations are unlikely to be 

influenced by substantial differences in study design or 
population characteristics across the included datasets.

Regarding the carcinogenic potential of antihyperten-
sive drugs, prior studies have yielded somewhat contro-
versial results. An early observational study reported that 
long-term use of ACEIs may protect against cancer [21]. 
Two subsequent meta-analyses based on randomized tri-
als revealed no consistent evidence that antihypertensive 
medication use had any effect on cancer risk, although 
an increased risk of cancer resulting from the combina-
tion of ACEIs and ARBs or calcium channel blockers 
cannot be ruled out [22, 23]. However, one recent study 
suggested that cessation of antihypertensive medica-
tions was associated with PC diagnosis in the next 2 years 
[24]. All of the above results imply that the connection 
between antihypertensive drugs exposure and the risk of 
cancer is so inconsistent. The interpretation of these find-
ings is complicated by the variable duration of drug use, 
and the heterogeneous effects of prescriptions.

A previous MR analysis have investigated the asso-
ciation between antihypertensive drugs and risk of 4 
common cancers (breast, colorectal, lung, and prostate 
cancer), which suggested that genetically proxied long-
term ACE inhibition was associated with an increased 
risk of colorectal cancer in the European population [25].

However, the prior MR analysis has not reported 
results separately for PC. Our study is the first to indi-
cate the potential protective role of AECIs on PC at a 
causal level. To date, the evidence indicating the associa-
tion between ACEIs and the risk of PC is limited. One 
conventional observational study have demonstrated 
no association between the use of ACEI and PC risk in 
patients with chronic pancreatitis [11], and another study 
showed that ACEI medication was not associated with a 
decreased risk of PC compared to other antihypertensive 
drugs [12]. The discrepancy between these two findings 
and our conclusion can be explained by the heteroge-
neous study population and comparator groups. Notably, 
a multicenter retrospective study revealed that ACEIs 
might slow the progression of branch-duct intrapapil-
lary mucinous neoplasms (BD-IPMNs), which are con-
sidered as precursor lesions of PC [26]. These real-world 
data present modest evidence of the preventative effect 
of ACEIs on PC.

In terms of beta blockers, several observational stud-
ies and experimental studies have confirmed the latent 

Table 3  The association between genetically proxied Inhibition of ACE and systolic and diastolic blood pressure
Exposure Outcome Method Nsnp MR Heterogeneity Horizontal pleiotropy

OR
(95%CI)

P value I2

(%)
Cochran’s Q P

value
Egger intercept SE P

value
ACE inhibitor Systolic blood pressure Wald ratio 1 0.919(0.865–0.976) 0.0062 - - - - - -
ACE inhibitor Diastolic blood pressure Wald ratio 1 0.373(0.222–0.627) 0.0002 - - - - - -
Abrreviations: Nsnp, number of single nucleotide polymorphisms; MR, mendelian randomization; OR, odds ration; ACE, angiotensin-converting enzyme
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therapeutic effect of these agents on PC [27, 28]. How-
ever, evidence exploring the causal association between 
beta blockers and PC risk is rather limited. Our results 
on beta blockers showed no association with PC risk, 
which contradicts the findings of a nested case‒control 
study showing the preventive effect of beta-blockers on 
PC [29]. This may be attributed to the inflated effect of 
observational studies caused by immortal time bias [30]. 
To our knowledge, there is no prior research on the 
impact of thiazide diuretics on PC risk. Our study also 
did not reveal a causal effect of thiazide diuretics on PC 
risk. However, some studies have suggested that thiazide 
diuretics can lead to hyperglycemia and diabetes. There-
fore, further clinical studies with long-term follow up are 
needed. In summary, when treating high-risk PC patients 
(e.g., chronic pancreatitis patients and diabetic patients) 
with antihypertensive drugs, ACE inhibitors may be a 
potential option to consider.

The underlying mechanisms responsible for the asso-
ciation between genetically proxied ACE inhibition 
and PC risk remain unknown. Actually, the MR analy-
sis primarily examines the causal relationship between 
genetically proxied ACE inhibition and PC risk, without 
elucidating the specific molecular pathways involved. 
Nevertheless, the underlying mechanisms may be postu-
lated in light of the current evidence. Two meta-analyses 
showed that ACEI treatment more effectively improved 
insulin sensitivity [31, 32]. These ameliorative effects may 
be partially mediated by the bradykinin system [33, 34]. 
This might decrease the risk of the initiation and devel-
opment of PC driven by hyperinsulinemia [35–38]. Sec-
ond, ACEIs appear to act as modulators for receptor for 
advanced glycation end products (RAGE) axis. Several 
studies have revealed that ACEIs can increase the level of 
soluble RAGE (sRAGE) [39, 40], which serves as an anti-
inflammatory factor to neutralize advanced glycation end 
products(AGEs) and block the inflammatory response 
mediated by RAGE activation [41]. Furthermore, AGEs 
can form endogenously through normal physiological 
metabolism or exogenously from environmental expo-
sure (e.g., common foods and tobacco smoke) [42, 43]. 
Consequently, ACEIs likely abolish chronic inflamma-
tion triggered by the RAGE axis, which has been demon-
strated to be associated with pancreatic carcinogenesis in 
observational and experimental studies [44–47]. More-
over, Fendrich et al. demonstrated that angiotensin II 
type 1 receptor (AT1) was not detected in normal pan-
creatic tissue except in blood vessels, but its expression 
became stronger in pancreatic intraepithelial neoplasia 
(PanIN) and PC. Using a genetically engineered mouse 
model of PC, they provided the first evidence that an 
ACEI (enalapril) might be a promising chemopreventive 
agent by delaying the progression of PanINs and partially 
inhibiting the formation of murine PC [48]. The possible 

mechanisms may be related to the downregulation of 
VEGF and NF-kB, but regretfully, no further mechanism 
has been elucidated. Additionally, there are no current 
studies investigating which biological processes and path-
ways the corresponding SNPs may be involved in, thereby 
potentially reducing the risk of pancreatic cancer. Further 
basic research is needed to explore these mechanisms.

Leveraging large-scale genetic data, our study has sev-
eral strengths. First, we employed an MR design to make 
causal inferences, eliminating confounding bias and 
reverse causality. This includes confounding the envi-
ronmental and lifestyle variables of users, which can-
not be completely adjusted for an observational study. 
Second, we specifically selected SNPs from the range 
of cis-actions of drug target genes (kb = 100) as instru-
ments that may be linked to gene function or expression. 
Moreover, we only kept only genetic variants with an F 
statistic > 10 to reduce weak instrumental bias. Finally, we 
conducted a positive control analysis that predicted the 
impact of antihypertensive drugs on the anticipated indi-
cations and additional defined outcomes to demonstrate 
the validity of the chosen genetic instruments. In conclu-
sion, this study supports the idea that targeting ACE can 
reduce the risk of PC. However, randomized trials need 
to be conducted to evaluate the efficacy and safety of the 
prevention of PC.

There are several limitations to this study. The prop-
erties of MR analysis limit its ability to investigate the 
long-term and on-target (i.e., target-mediated) effects of 
therapeutic drugs [49]. Therefore, the effects that we have 
estimated may not fully reflect the association between 
ACEI medication and PC. Moreover, the possibility that 
ACEIs alter PC risk via other gene targets (off-target 
effects) cannot be excluded. Second, there was a consid-
erable overlap between the two-sample GWAS data from 
the UK Biobank, and potential ‘healthy volunteer’ bias 
persisted. Third, our results were inferred by using data 
from the entire study population and we did not perform 
further stratification by age and sex or additional sub-
group analysis. Fourth, horizontal pleiotropy could not 
be completely excluded despite various sensitivity analy-
ses being conducted to assess the assumptions of the MR 
study. Fifth, the study lacks clinical real-world data vali-
dation and therefore serves merely as a hypothesis-gen-
erating basis for subsequent studies, which may involve 
clinical trials or observational cohort studies to validate 
these associations. Consequently, confirmatory evidence 
from long-term follow-up of clinical trials is warranted.

Conclusion
The present study indicated a protective effect of geneti-
cally proxied ACEIs on PC risk in both European and 
East Asian populations. This study supports the repur-
posing of antihypertensive medication in the field of 
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comorbidity treatment and PC chemoprevention. Fur-
ther studies should be conducted to confirm the effects 
and elucidate the underlying mechanisms involved.
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