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Previous studies have found that dyslipidemia is a risk factor for pancreatic cancer (PC), and that 
lipid-lowering drugs may reduce the risk of PC. However, it is not clear whether dyslipidemia causes 
PC. The Mendelian randomization (MR) study aimed to investigate the causal role of lipid traits in 
pancreatic cancer and to assess the potential impact of lipid-lowering drug targets on pancreatic 
cancer. Genetic variants associated with lipid traits and variants of genes encoding lipid-lowering drug 
targets were extracted from the Global Lipids Genetics Consortium genome-wide association study 
(GWAS). Summary statistics for PC were obtained from an independent GWAS datasets. Colocalization 
analyses were performed to validate the robustness of the results. No significant effect of lipid-
lowering drug targets on PC risk was found. Genetic mimicry of lipoprotein lipase (LPL) was potentially 
associated with PC risks. Significant MR associations were observed in the discovery dataset (OR 1.64 
[95% CI 1.24–2.16], p = 4.48*10–4) with PC in one dataset. However, the finding was not verified in the 
replication dataset. Our findings do not support dyslipidemia as a causal factor for PC. Among lipid-
lowering drug targets, LPL is the potential drug target in PC.
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Pancreatic cancer (PC) is one of the malignant tumors of digestive system with the worst prognosis. It has an 
insidious onset and rapid progression. The annual incidence is close to the annual mortality rate, and the 5-year 
survival rate is only 13%1. The high mortality rate is partly due to lack of effective treatments. Considering the 
poor survival with limited options for treatment of PC, early identification and modification of risk factors for 
PC in at-risk populations are warranted to lower the societal burden of this disease2.

Naudin S et al. conducted a prospective observational study and found that the prediagnostic serum lipid 
panel, including 43 lipids from 8 lipids and 5 fatty acids, was associated with PC. A total of 11 lipid species were 
positively associated with PC risk (ORs range: 1.16–1.21), while 32 lipid species were inversely associated (ORs 
range: 0.79–0.87)3. Previous study found that with lower total serum cholesterol, the short-term risk for PC 
would increase4. Despite these observational findings, epidemiological studies have methodological constraints 
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and are subject to residual confounding. The causal relationship between dyslipidemia and the risk of PC has 
not been fully determined.

Considering that dyslipidemia is closely associated with PC development and severity, lipid-lowering drugs 
have been proposed as PC repurposing candidates (expanding the indication of approved drugs into other 
indications). Cai found that atorvastatin inhibits the proliferation, migration and invasion ability of human 
PC cells, and atorvastatin might exert the anti-tumor effect in PC via the inhibition of neurotrophins signaling 
pathway5. However, in 113,059 participants of two prospective cohort studies in the U.S, no difference was 
identified in pancreatic cancer risk for regular versus non-regular statin users6. Therefore, whether statins and 
other lipid-lowering drugs are effective for PC remains unclear.

Mendelian randomization (MR) is an epidemiological tool using data from genetic studies to estimate 
the non-confounded associations between exposures and outcomes. Important assumptions in instrumental 
variable analysis are that the chosen genetic variants are associated with the exposure of interest, they are not 
associated with any confounders, and they are not associated with the cancer outcome via any pathway other 
than through the exposure of interest (known as genetic pleiotropy)7. Genetic variants satisfying these three 
assumptions divide a study population into subgroups that are analogous to treatment arms in a randomized 
controlled trial, in that they differ systematically with respect to the exposure of interest, but not with respect 
to confounders. If all the instrumental variable assumptions are met, an association between the genetic variant 
and the outcome implies that the risk factor of interest has a causal effect on the outcome8.

Therefore, in this study, we conducted MR analyses to determine the effects of lipid traits on PC and to 
explore the potential effects of lipid-lowering drug targets on the treatment of PC.

Methods
The association of lipid traits and lipid-lowering drugs with PC was examined in a population of European 
ancestry using MR. This study followed the Strengthening the Reporting of Observational Studies in 
Epidemiology-Mendelian Randomization reporting guidelines (Supplementary Table S1)9. Detailed information 
on the publicly available summary-level data from GWAS studies and expression quantitative trait loci (eQTL) 
study used in our study is summarized in Supplementary Table S2. An outline of the study design is shown in 
Fig. 1.

Fig. 1.  Outline of the study design. Abbreviations: LDL-C, low-density lipoprotein cholesterol; TG, 
triglyceride; TC, total cholesterol; PC, pancreatic cancer; SNP, single nucleotide polymorphism; MR, 
mendelian randomization; GWAS, genome-wide association study; ANGPTL3, angiopoietin-like 3; APOC3, 
Apolipoprotein C-III; LPL, lipoprotein lipase; PPARA, peroxisome proliferator activated receptor alpha; CETP, 
Cholesteryl ester transfer protein; LDLR, low density lipoprotein receptor; eqtl, expression quantitative trait 
locus.
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Genetic variant selection
Independent genetic variants at genome-wide significance (p < 5e-08) associated with LDL-C, HDL-C, TG and 
TC (linkage disequilibrium [LD] clumping threshold of r2 < 0.001 with physical distance threshold 10,000 kb) 
were identified in a GWAS meta-analysis from the Global Lipids Genetics Consortium10.

According to recent guidelines for the management of dyslipidemia, common lipid-lowering drugs 
and novel therapeutics were selected11. Genes encoding pharmacologic targets of lipid-lowering drugs were 
identified using the DrugBank database (doi: go.drugbank.com/) and relevant reviews12,13. Based on the primary 
pharmacological action and the associations between PC and lipid traits, TG-lowering target genes and HDL-
raising target genes were included in the study, that is: lipoprotein lipase (LPL), angiopoietin-like 3 (ANGPTL3), 
Apolipoprotein C-III (APOC3), peroxisome proliferator activated receptor alpha (PPARA) and Cholesteryl 
ester transfer protein (CETP) (Table 1).

Single nucleotide polymorphisms (SNPs) were identified within the corresponding genes (± 100 kb of the 
gene location) and were robustly associated with HDL-C or TG levels at genome-wide significance (p < 5*10–8) 
in a GWAS meta-analysis from the Global Lipids Genetics Consortium10.

For drug targets that reached significance for the risk of PC in the MR analysis, we used publicly available 
eQTLs data for blood tissues in which target genes were expressed from the eQTLGen consortium. EQTLs are 
genetic variants associated with expression levels of genes. SNPs, as genetic variants with a false discovery rate-
corrected p value < 0.05, were selected and further clumped to an LD r2 threshold of 0.20.

Furthermore, considering that some genes encoding pharmacologic targets may affect PC risk in other ways 
instead of regulating lipid traits, eQTLs data for blood tissue of genes targeting lipid-lowering in eQTLGen 
database were collected as instrumental variables (IVs) to examine their associations with PC.

Outcome
For the outcome, summary genetic association data were extracted from a GWAS meta-analysis of PC with 
participants of 1196 European ancestry cases and 475,049 European ancestry controls14. For replication analyses, 
another PC GWAS dataset was obtained from the PanScanI (1788 cases and 1769 controls) consortia through 
the National Center for Biotechnology Information database of Genotypes and Phenotypes15.

Statistical analysis
The inverse-variance weighted (IVW) approach, MR-Egger regression, weighted–median method, Maximum 
likelihood and weighted mode were used for MR analysis. When the instrumental variables meet the three 
assumptions of MR and the sample size is sufficient, the IVW method can well explore the potential linear causal 
association between exposure and outcome. A statistically significant IVW result coupled with directionally 
consistent associations from all sensitivity analyses was considered sufficient evidence to claim a causal effect16,17. 
MR-PRESSO analysis can determine whether a single SNP has horizontal pleiotropy by calculating the distance 
from the fitting line calculated by removing the SNP, and comparing the results before and after removing these 
SNPs with horizontal pleiotropy. Thus, MR-PRESSO was used to test for horizontal pleiotropy and remove 
the relevant SNPs18. To test the relevance assumption, the strength of each genetic variant was assessed with F 
statistics analysis. Typically, an F statistic of at least 10 indicates no weak instrument bias.

In order to rule out the interaction between lipid traits, multivariate MR was further performed for lipid traits 
suspected to be associated with PC.

For a drug target that reached significance for risk of PC, colocalization analysis was performed for eQTLs 
data for blood tissue of drug targets and the corresponding regulated lipid trait GWAS to test the regulation of 
lipid trait by the drug target. It assessed the probability (PP.H4) that SNPs associated with the drug target and 
lipid traits are shared by the same causal variant at a given locus and the probability (PP.H3) that drug targets and 
lipid traits are affected by distinct causal variants that are in LD with each other. A posterior probability greater 
than 0.80 supported a tested configuration. Furthermore, to confirm that drug target genes and PC do not share 
genetic causal variants, colocalization analysis was performed for eQTLs data for blood tissue of drug targets and 
PC GWAS. It assessed the probability (PP.H2) that SNPs are only associated with the drug target in the genomic 
region. While SNPs in the genomic region are not associated with PC, drug targets that strongly colocalized with 
lipid traits (PP.H4 > 0.80) were considered to be potential target genes.

To determine whether the observed association between drug targets and PC was a direct association, the 
relationship between genetically proxied lipid-lowering therapies and risk factors for PC (Body Mass Index 
[BMI] and Type 2 diabetes [T2D]) was assessed.

The heterogeneity and pleiotropy between SNPs were evaluated by Cochran’s Q test and the MR-Egger 
intercept test. Bonferroni-corrected significance levels of p-value < 0.0125 (0.05/4) were used to adjust for 

Primary pharmacological action Target genes Gene region (GRCh37/hg19) Genetic instruments

TG

LPL chr:8,19,796,764-19,824,770 24 SNPs

PPARA chr:22,46,546,429-46,639,653 0 SNP

APOC3 chr:11,116,700,623-116,703,728 10 SNPs

ANGPTL3 chr:1,63,063,158-63,071,830 3 SNPs

HDL
CETP chr:16,56,961,950-56,983,845 36 SNPs

PPARA chr:22,46,546,429-46,639,653 0 SNP

Table 1.  Target genes of lipid-lowering drugs.
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multiple testing of four drug targets. For other analyses, an observed 2-sided p < 0.05 was considered statistically 
significant. All statistical analyses were conducted using the TwoSampleMR (version 0.6.4), coloc and MR-
PRESSO (version 0.1.0) packages in R (version 4.4.1)19.

Results
Lipid traits and PC risk
Eighty independent SNPs associated with LDL-C, 89 SNPs associated with HDL-c, 55 SNPs associated with 
TG and 87 SNPs associated with TC were identified as IVs for lipid traits (Supplementary Table S3–S6). In 
the discovery dataset, increases in genetically proxied TG levels were associated with the decreased risk of PC 
(OR 0.69 [95% confidence interval (CI), 0.49–0.97]; p = 0.04) and increases in genetically proxied HDL-c levels 
were nominally associated with the decreased risk of PC (OR 0.82 [95% CI, 0.67–0.99]; p = 0.04) (Table 2). In 
the multivariate MR analysis, which included TG and HDL-C, increases in genetically proxied TG levels were 
nominally associated with the decreased risk of PC (OR 0.73 [95% CI, 0.55–0.96]; p = 0.02) (Supplementary 
Table S7). The finding was not verified in the replication dataset (TG: OR 1.05 [95% CI, 0.77–1.43], p = 0.74; 
HDL: OR 1.12 [95% CI, 0.81–1.53], p = 0.49) (Table 2).

Dataset Exposure Method nSNP Beta SE Pval OR Low 95%CI Upper 95%CI

The Discovery Dataset

HDL

Inverse variance weighted 86 − 0.196901824 0.100720449 0.050590868 0.821271259 0.674142407 1.000510386

Maximum likelihood 86 − 0.197187963 0.099997399 0.048617492 0.821036294 0.67490532 0.99880765

MR Egger 86 0.217982946 0.187209404 0.247566284 1.24356586 0.861614361 1.794835505

Weighted median 86 − 0.071599887 0.156728197 0.647785238 0.930903288 0.684691332 1.265651968

Weighted mode 86 0.003701173 0.167700568 0.982443745 1.00370803 0.722533176 1.394302495

LDL

Inverse variance weighted 79 0.037162288 0.088410666 0.674239167 1.03786144 0.872735613 1.234229877

Maximum likelihood 79 0.037879562 0.08228174 0.645254877 1.038606137 0.883916526 1.220367169

MR Egger 79 0.069181206 0.129846996 0.595713139 1.071630378 0.830839281 1.382206754

Weighted median 79 0.048729721 0.12150798 0.688389698 1.049936537 0.827434012 1.332271475

Weighted mode 79 0.073982202 0.111971691 0.510737117 1.07678764 0.864605182 1.341041722

TG

Inverse variance weighted 55 − 0.178074619 0.113920939 0.118019167 0.836879974 0.669409259 1.046247989

Maximum likelihood 55 − 0.179461969 0.106198886 0.091053444 0.835719734 0.678675765 1.029103307

MR Egger 55 − 0.371899823 0.175701151 0.039001078 0.689423303 0.488569239 0.97284981

Weighted median 55 − 0.344522116 0.155391361 0.026614531 0.708558881 0.522521481 0.960832629

Weighted mode 55 − 0.378990339 0.143652543 0.010865434 0.684552226 0.516567494 0.907164611

TC

Inverse variance weighted 86 − 0.093226281 0.094819949 0.325512611 0.910987338 0.756484389 1.097045678

Maximum likelihood 86 − 0.093189218 0.087740356 0.288189329 0.911021102 0.767082964 1.081968297

MR Egger 86 − 0.008456514 0.156222973 0.95695929 0.991579142 0.73004176 1.346812263

Weighted median 86 − 0.075318113 0.142366529 0.596775143 0.927448406 0.701624787 1.225955185

Weighted mode 86 − 0.056451498 0.133669204 0.673856074 0.945112323 0.727280432 1.228188281

The Replication Dataset

LDL

Inverse variance weighted 46 0.07864996 0.207655257 0.70487162 1.081825573 0.720107809 1.625237994

Maximum likelihood 46 0.07968961 0.166419094 0.632046084 1.082950878 0.781537759 1.500609011

MR Egger 46 0.262846982 0.358872507 0.467793383 1.300627684 0.64368672 2.628036778

Weighted median 46 − 0.200857543 0.256921602 0.434340735 0.818028957 0.494393321 1.353520257

Weighted mode 46 − 0.153466948 0.242190612 0.529509316 0.857729113 0.53357238 1.378818056

HDL

Inverse variance weighted 72 0.110985894 0.161148915 0.491001778 1.117379145 0.814756503 1.532404036

Maximum likelihood 72 0.112106567 0.141021518 0.426636355 1.118632063 0.848491164 1.474779876

MR Egger 72 0.712421422 0.281770426 0.01371707 2.038922378 1.173688539 3.54199971

Weighted median 72 0.435126517 0.236487785 0.065775071 1.545158536 0.972009654 2.456266653

Weighted mode 72 0.512327595 0.2267054 0.026898028 1.669171833 1.070349264 2.603014456

TG

Inverse variance weighted 43 0.050383294 0.157653721 0.749285207 1.05167412 0.772117917 1.432447596

Maximum likelihood 43 0.050670548 0.157987751 0.748419155 1.05197626 0.771834257 1.433797531

MR Egger 43 − 0.162956647 0.247284095 0.51358929 0.849628021 0.523282674 1.37949871

Weighted median 43 − 0.076364909 0.227791683 0.737443966 0.926478064 0.592836515 1.447889227

Weighted mode 43 − 0.085084098 0.21870556 0.699215776 0.918435043 0.598249734 1.409984625

TC

Inverse variance weighted 57 0.09335813 0.182835412 0.609622102 1.09785484 0.767206505 1.571004993

Maximum likelihood 57 0.094851443 0.15426381 0.538643772 1.099495505 0.81260867 1.487666093

MR Egger 57 0.484283745 0.347025255 0.168465454 1.623012102 0.82210615 3.20417051

Weighted median 57 0.188328 0.240542244 0.433667582 1.207229422 0.753418222 1.934387616

Weighted mode 57 0.112222223 0.266283251 0.675047648 1.118761448 0.663854056 1.88539509

Table 2.  Mendelian randomisation results of lipid traits with risk of pancreatic cancer.
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Lipid-lowering drug targets and PC risk
We identified thirty-six SNPs as genetic instruments in CETP, 4 SNPs in ANGPTL3, 10 SNPs in APOC3 and 24 
SNPs in LPL (Supplementary Table S8). The F statistics for the respective genetic instruments ranged from 24.2 
to 2309.9, suggesting that instrument bias was unlikely to affect the analyses.

The associations of genetic proxies for the effects of four lipid-lowering drug classes on PC were shown in 
Fig. 2. In the discovery dataset, genetic mimicry of LPL enhancement equivalent to a 1-mmol/L (88.9 mg/dL) 
decrease in TG was significantly associated with higher PC risk (OR 1.64 [95% CI 1.24–2.16], p = 4.48*10–4). 
The genetic mimicry of APOC3 on the effect of PC risk also counted (OR 0.69 [95% CI 0.48–0.98], p = 0.04). 
However, this result was not statistically significant after correction by multiple tests (Bonferroni p < 0.0125). 
Other genetic mimicries of drug targets (CETP and ANGPTL3) were shown to have no effect on PC outcomes. 
In the replication dataset, this finding was close to null (OR 1.12 [95% CI 0.62–2.02], p = 0.71). But there was 
potential association found between CETP and PC (OR 0.61[95% CI 0.44–0.89], p = 0.004).

The results of the alternative MR methods were generally consistent (Supplementary Table S9). The results 
of heterogeneity test also suggested no heterogeneity. MR-Egger intercept did not find evidence of pleiotropy, 
which improves causal inferences (Supplementary Table S10). Besides, these findings were robust in the leave-
one-out sensitivity analysis (Supplementary Figure S1).

Gene expression and PC risk
Although the association was not verified in the replication dataset, LPL was found associated with PC in the 
discovery dataset. Also, CETP was found associated with PC in the replication dataset.

For further validation, genetic variants related to LPL expression in whole blood tissue were used as 
instrumental variables. Findings from the increase of LPL expression in blood tissue was associated with a 
higher risk of PC in the discovery dataset (blood tissue: OR 1.20 [95% CI, 1.10–1.30]; p = 9.85*10–6). In the 
replication dataset, there was no association found (blood tissue: OR 1.11 [95% CI, 0.95–1.30]; p = 0.19) (Table 
3 & Supplementary Table S17). In addition, Findings from the increase of CETP expression in blood tissue was 
associated with a lower risk of PC in the replication dataset (blood tissue: OR 0.66 [95% CI, 0.45–0.98]; p = 0.04). 
In the discovery dataset, there was no association found (blood tissue: OR 1.17 [95% CI, 0.94–1.47]; p = 0.17) 
(Supplementary Table 3 & Table S17).

We further performed colocalization analyses to identify the probability that genetic variants associated with 
LPL expression in blood tissues and TG shared causal SNPs. LPL expression in blood tissue and TG shared a 
causal variant (PP.H4 = 0.916) (Supplementary Table S11). The causal variant (rs12678919) (SNP.PP.H4 > 0.95) 
was associated with both LPL expression in blood tissues and TG within the LPL locus (Supplementary Table 

Exposure Dataset Method Beta SE Pval OR Lower 95%CI Upper 95%CI

LPL (whole blood tissue) The Discovery Dataset

Inverse variance weighted 0.181816265 0.041130705 9.85E−06 1.199393803 1.10649801 1.300088641

Maximum likelihood 0.182241741 0.041213958 9.79E−06 1.199904225 1.106788285 1.300854165

MR Egger 0.09097283 0.072419964 0.216717427 1.095239248 0.950306896 1.262275392

Weighted median 0.152683141 0.056856522 0.007244063 1.164955793 1.04210672 1.302286968

Weighted mode 0.146832772 0.059421687 0.017947068 1.15816027 1.030832022 1.301216088

CETP (whole blood tissue) The Replication Dataset

Inverse variance weighted − 0.488923033 0.171389198 0.004334867 0.613286528 0.438302547 0.858129546

Maximum likelihood − 0.486455921 0.148605216 0.001062326 0.614801443 0.459451384 0.822678583

MR Egger − 0.499181195 0.286571274 0.097690156 0.607027494 0.346157677 1.064492865

Weighted median − 0.518136483 0.21050565 0.013839986 0.59562948 0.394266754 0.899833611

Weighted mode − 0.516419036 0.192266869 0.014207863 0.596653321 0.409318335 0.869726945

Table 3.  Association of LPL expression in whole blood tissue with risks of pancreatic cancer.

 

Fig. 2.  MR estimates of four lipid-lowering target genes on PC. (A) MR estimates of four lipid-lowering 
target genes on PC in the discovery dataset; (B) MR estimates of four lipid-lowering target genes on PC in the 
replication dataset. IVW (with 95% CI) from all the primary MR analyses are shown for the effects of LPL, 
APOC3, ANGPTL3, CETP. Red-filled symbols: IVW p < 0.0125. IVW, inverse variance-weighted method; LPL, 
lipoprotein lipase; ANGPTL3, angiopoietin-like 3; APOC3, Apolipoprotein C-III; CETP, Cholesteryl ester 
transfer protein.
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S12 & Figure S2), providing evidence against the association driven by distinct SNPs that are in LD. In addition, 
the colocalization analyses between LPL eQTLs in blood tissue and PC showed that the genomic region was 
not associated with PC (PP.H2 = 0.91) (Supplementary Table S13 & Figure S3). Meanwhile, CETP expression in 
blood tissue and HDL shared were associated by the genomic region (PP.H4 = 0.982) (Supplementary Table S14). 
However, there is no causal variant (SNP.PP.H4 > 0.95) within the CETP loci (Supplementary Table S15 & Figure 
S4). The colocalization analyses between CETP eQTLs in blood tissue and PC showed that the genomic region 
was not associated with PC (PP.H2 = 0.943) (Supplementary Table S16 & Figure S5).

Considering some drug target genes encoding may affect PC risk in other ways instead of regulating lipid 
traits, eQTLs in blood tissue of lipid-lowing drug target genes (APOC3, ANGPTL3, PPARA, PCSK9, LDLR, 
HMGCR, APOB, NPC1L1, ABCG5, ABCG8) were collected as IVs. Finally, eQTLs in blood tissue for PPARA 
and LDLR were found in the eqtlGen. No association with PC was found (Supplementary Table S17).

Median analysis
The MR estimates of LPL and CETP on risk factors (BMI and T2D) were presented in Supplementary Table S18. 
The results showed that the effects of LPL and CETP on the two risk factors were opposite to those on PC. Thus, 
BMI and T2D were not mediators in the associations of LPL and CETP with PC.

Discussion
In this study, considering the limited effect of current drug therapy for pancreatic cancer and the close association 
between PC and lipid metabolism, we conducted a comprehensive assessment of the potential causal effects 
of genetically influenced lipid-related traits and targets of lipid-lowering drugs on the susceptibility to PC in 
European populations. No significant effect of lipid traits or lipid-lowering drug targets on PC risk was found, 
which is validated by two dependent PC datasets. This suggests that no lipid-lowering drug could significantly 
affect pancreatic cancer by regulating lipid metabolism, which is in line with the existing lipid-lowering drugs 
and pancreatic cancer research conclusions6,20,21. Although Ji et.al have found that atorvastatin can inhibit the 
proliferation and spread of pancreatic cancer cells by inhibiting the neurotrophin pathway5, this effect may not 
be obvious for patients with pancreatic cancer as a whole, therefore, no consistent conclusions were obtained 
in observational studies or MR analysis in our study. This also reflects the current lipid-lowering drugs in the 
treatment of pancreatic cancer is not significantly effective, only as a chemotherapy regimen in the status of 
adjuvant drugs.

However, LPL was found associated with PC risk increase in the discovery dataset and CETP was found 
associated with PC risk decrease in the replication dataset. The finding was verified by different approaches of 
constructing genetic instruments (lipid trait GWAS and eQTL in blood tissue).

According to the MR estimates of lipid traits (LDL, HDL, TG, TC) on PC in two replication, TG and HDL 
were potentially associated with PC. Therefore, we combined the findings of some observational and basic 
studies to explore the association between lipid traits and PC.

Before, TG may not be recognized as a causal risk factor for PC with the available evidence. Although our 
results suggest that elevated blood triglyceride may reduce the risk of pancreatic cancer, which are consistent 
with the previous observational study by Naudin S3.

But not all methods in MR analysis supported this result. Furthermore, previous observational studies have 
shown that patients with pancreatic cancer have significantly higher blood triglyceride than the control group22 
and TG might reduce CD8 + T lymphocyte infiltration into pancreatic cancer tissue, affecting antitumor immune 
functions and immunotherapy efficacy23. Mechanistically, triglyceride promotes the invasion and development 
of pancreatic cancer, which seems to contradict the conclusions of the study by Naudin S and our study.

Notably, an increase in serum diacylglycerols, in the study of Naudin S, was associated with an increased 
risk of pancreatic cancer3. Triglyceride hydrolysis produces glycerol and free fatty acids, and diglyceride is an 
intermediate product in the process of lipolysis24. Free fatty acids promote the migration of pancreatic cancer 
cells25. Lipid metabolic disorders and intracellular pathways, including cellular stress responses such as oxidative 
stress, endoplasmic reticulum stress, autophagy, and Ceramide formation, participated in lipotoxicity-induced 
cell death26. β-cell apoptosis is associated with type 2 diabetes, which is an independent risk factor for pancreatic 
cancer. This suggests that triglycerides promote pancreatic cancer by breaking down into free fatty acids. Because 
of lipolysis, the decrease in triglyceride leads to the increased risk of pancreatic cancer, consistent with the results 
in our study. Furthermore, Zhao RC et.al found that the exosomes of PC cells disrupt the lipid composition of 
adipocytes, particularly the TG species27. In setd2-deficient pancreatic tumors, there are lipid-rich stroma in the 
tumor microenvironment, including elevated intracellular TG, and adipogenic CAFs can promote the transfer 
of lipids from itself to tumor cells to supplement oxidative phosphorylation and provide energy for tumor cells, 
thereby promoting the development of pancreatic cancer28. Thus, the relationship between triglyceride and 
pancreatic cancer is extremely complex and could not be summarized by a simple linear relationship.

In addition, previous observational studies have found that high-density lipoprotein increases the risk of 
PC29. Our results also suggest the potential association with higher PC risk of lower HDL in the discovery 
dataset. The antioxidant and anti-inflammatory properties of HDL could inhibit cancer cell proliferation30. 
Stangl H et.al found that component-dependent interactions of HDL particles with SR-B1 and ABCA1 on cancer 
cells drive the apoptosis of PC cell31. In our study, CETP reduced the risk of pancreatic cancer by decreasing 
HDL. Therefore, although CETP was validated in the validation set and passed the colocalization analysis, it was 
not considered as the potential target genes. The more detailed explanation was given below.

Evidence regarding the beneficial effects of lipid-lowering drug targets on PC was not found in the present 
study. In contrast, we found LPL could increase the risk of PC. The association between TG-lowering genetic 
variants in APOC3 and ANGPTL3 with a lower PC risk was not validated, which suggested that the effect of 
LPL on pancreatic cancer might not be mediated by TG. As detailed in Schmidt et al., TG does not need to cause 
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disease if LPL affects the risk of PC through alternative pathways32,33. However, the results of the mediation 
analysis showed that neither BMI nor T2D was a mediator of the association between LPL and PC.

LPL mediates intravascular hydrolysis of lipoprotein-coated triglycerides34. As previously mentioned, 
free fatty acids produced by triglyceride hydrolysis contribute to the migration of PC cells25. In addition, PC 
exosomes increased inflammatory factor IL-6 production which in turn promoted lipolysis in adipocytes and 
IL-6 level was found correlated with LPL27. Tumor exosomes have been demonstrated to transport cargos into 
target cells and then profoundly influence their phenotype and function, which played a critical role in tumor 
initiation and progression35. Furthermore, in the PC microenvironment, abnormal LPL activity may lead to lipid 
metabolism disorders. When LPL hydrolyzes TG to produce too much free fatty acids, the β-oxidation process 
in the mitochondria of these fatty acids may be disturbed, eventually generating reactive oxygen species (ROS). 
In addition, excess free fatty acids can activate nicotinamide adenine dinucleotide phosphate oxidase, a major 
ROS-producing enzyme36. High levels of ROS deplete intracellular antioxidants, exposing pancreatic cancer 
cells to long-term oxidative stress. At the same time, ROS can damage mitochondria, endoplasmic reticulum 
and other organelles in cells, further exacerbating oxidative stress. This environment of constant oxidative stress 
can promote the proliferation, migration, and invasion of PC cells37. Meanwhile, LPL-mediated aberration of 
lipid metabolism can activate inflammatory signaling pathways. When free fatty acids accumulate, they can 
bind to Toll-like receptors (TLR), especially TLR4. In pancreatic cancer cells and surrounding immune cells, 
TLR4 is activated through a series of signal transductions, activating nuclear factor—κB (NF—κB)38. NF-κB 
is an important transcription factor that promotes the transcription and release of a variety of inflammatory 
factors39. These inflammatory cytokines can recruit immune cells such as monocytes to the tumor site to form an 
inflammatory microenvironment. These monocytes can differentiate into tumor-associated macrophages (TAMs) 
in the tumor microenvironment and polarize towards the M2-polarized tumor-associated macrophages (M2 
TAMs)40,41. M2 TAMs have the functions of promoting tumor growth, angiogenesis, and immunosuppression41. 
Therefore, in the treatment of pancreatic cancer, inhibition of LPL, thus reducing the production of free fatty 
acids, might reduce the migration of PC cells.

However, recent studies have shown that LPL activation is associated with insulin resistance42. Insulin 
resistance is associated with T2D and pancreatic fat accumulation and infiltration, two major risk factors for 
PC43–45. Therefore, the activation of LPL may be beneficial to the early prevention of PC in high-risk population. 
And the mechanism might affect its value as a therapeutic target to reduce the migration of PC cells. Thus, the 
potential therapeutic value of LPL remains to be further investigated due to the complex mechanisms between 
TG and PC.

The pharmacological properties of LPL regulation can be observed in various drugs, such as fibrates, omega-3 
fatty acids and metformin, however, it is not the main mechanism of action of these drugs46. Therefore, new 
targeted drugs to regulate LPL remain to be developed. And more attention needs to be paid to the use of lipid-
lowering drugs in the treatment of patients with pancreatic cancer who have other conditions that require lipid-
lowering therapy like cardiovascular disease.

In the study, CETP was found appear to reduce the risk of pancreatic cancer. However, the association we 
found contradicts the current research supporting the protective effect of HDL on PC29–31. In our study, the 
association between CETP and PC was found in the replication dataset. However, the MR-egger analysis between 
HDL and PC in the replication dataset showed evidence of pleiotropy (egger_intercept = -0.033, p = 0.01), even 
though the MR-PRESSO did not test the pleiotropy of the results. Because of the pleiotropy, the result does not 
satisfy the INSIDE hypothesis, so that estimates from the MR-Egger method can be more biased and have greater 
Type 1 error rates47. In addition, this conclusion in the validation set could not be replicated in the discovery 
set. Furthermore, the results of the mediation analysis showed that neither BMI nor T2D was a mediator of the 
association between CETP and PC. Thus, combined with the results of other observational and basic studies, it 
was considered this as a false positive result.

Limitations
Some limitations should be considered when interpreting the results of this study. First, compared with the 
short-term effects of lipid-lowering drugs, genetic variants reflect the effect of lifelong changes in lipid levels on 
PC risk and the magnitude of the effects may not be comparable48. MR analysis can only confirm the direction of 
association, so that more quantitative studies are required. Second, the sample size of existing PC GWAS cohorts 
is limited and there might be population overlap between the exposure and outcome. There were pleiotropy 
issues in the MR analysis conducted using the validation datasets, and the conclusions of the validation dataset 
set and the discovery dataset were not consistent. In addition, reverse MR to test for causality was not possible 
because the GWAS cohort for pancreatic cancer lacked SNPs that satisfied the three assumptions of MR analysis. 
Our results would be more valuable if we had a larger updated PC GWAS as the replication dataset. As such, 
they may be biased toward the outcome-risk factor association, which caused the false positive result of CETP. 
Third, the causal relationship between lipid traits and pancreatic cancer was investigated to screen potential 
lipid-lowering drug targets. Although we screened out two lipid traits that were related. But the results of IVW 
method showed that they are not causally related to the PC, which further affects the therapeutic value of the 
potential positive targets we have identified, considering the results of colocalization analysis. A more detailed 
classification of lipids may be needed to investigate the causal relationship between lipid traits and PC. Fourth, to 
exclude certain drug target genes that do not affect PC through lipid traits, eQTL for target genes in blood tissue 
were screened but not included for drug target genes in other tissues. Fifth, although several methods (MR-
PRESSO and MR-Egger) were used to rule out horizontal pleiotropy, there might still be undetected horizontal 
pleiotropy. Sixth, due to the limitations of the replication dataset, the potential therapeutic target (LPL) explored 
in this study have not been fully validated, so this study does not boldly explore the clinical application prospects 
of lipid traits and lipid-lowering drug targets. Last, our findings were limited to European population, so that 
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these findings are not necessarily valid for other ethnic groups. Dunca D et.al demonstrated that genetically and 
environmentally-influenced genetic backgrounds lead to potential differences in CETP between European and 
East Asian populations49.

Conclusions
To summarize, no significant effect of lipid traits or lipid-lowering drug targets on PC risk was found. LPL might 
have potential therapeutic value in the migration of PC cells.

Data availability
Data is provided within the manuscript or supplementary information files.
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