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Abstract
Background. Gastrointestinal (GI) cancers remain among the most lethal malignancies worldwide, high-
lighting the need for novel insights into modifiable risk factors. Blood-based metabolic biomarkers – routinely 
measured in clinical settings – may play a role in cancer etiology, but their causal impact remains unclear.

Objectives. This study aimed to explore the causal relationship between metabolic blood biomarkers and 
the risk of GI cancers using Mendelian randomization (MR).

Materials and methods. We conducted an MR analysis using large-scale genome-wide association study 
(GWAS) data to evaluate the causal effects of metabolic blood traits (e.g., low-density lipoprotein (LDL) 
cholesterol, creatinine, uric acid, total protein, and total cholesterol) on the risk of 4 major GI cancers: gastric, 
colorectal, pancreatic, and gallbladder cancer. Statistical robustness was evaluated using the MR-PRESSO test 
and Cochran’s Q test.

Results. Mendelian randomization analysis revealed several significant associations. Low-density lipoprotein 
cholesterol was inversely associated with gastric cancer risk (odds ratio (OR) = 0.815, 95% confidence interval 
(95% CI): 0.703–0.946, p < 0.01), while total cholesterol also showed a protective effect (OR = 0.790, 95% CI: 
0.693–0.900, p < 0.01). Serum creatinine levels were strongly associated with a reduced risk of gallblad-
der cancer (OR = 0.037, 95% CI: 0.005–0.287, p < 0.01). Higher serum total protein (OR = 0.855, 95% CI: 
0.777–0.940, p < 0.01) and uric acid levels (OR = 0.855, 95% CI: 0.769–0.951, p < 0.01) were associated 
with a reduced risk of colorectal cancer (CRC). Serum uric acid levels were also associated with a reduced 
risk of gastric cancer (OR = 0.822, 95% CI: 0.719–0.941, p < 0.01), but with an increased risk of pancreatic 
cancer (OR = 1.246, 95% CI: 1.01–1.539, p = 0.040).

Conclusions. Our findings provide causal evidence linking common metabolic blood biomarkers to site-
specific GI cancer risks. These results may inform biomarker-based risk stratification and preventive strategies 
in oncology and public health.
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Background

Gastrointestinal (GI) cancers, including gastric, colorectal, 
pancreatic, and gallbladder cancers, are among the leading 
causes of cancer-related mortality worldwide.1,2 According 
to recent global cancer statistics, gastric cancer ranks 5th 
in incidence and 4th in mortality, while colorectal cancer 
(CRC) ranks 3rd and 2nd, respectively.3 These cancers have 
complex etiologies involving genetic, environmental, and 
lifestyle factors.4,5 Gastric cancer, for instance, is influenced 
by Helicobacter pylori infection, dietary factors, and genetic 
predisposition.6 Colorectal cancer risk is associated with 
lifestyle factors such as diet, smoking, and physical activity, 
as well as genetic susceptibility.7 Pancreatic cancer, known 
for its poor prognosis, is influenced by smoking, chronic pan-
creatitis, and diabetes.8 Gallbladder cancer is associated with 
gallstones, chronic inflammation, and certain infections.9 
The multifaceted nature of these cancers necessitates com-
prehensive studies to better understand their risk factors and 
potential preventive measures.10 Despite advances in early 
detection and treatment, the overall prognosis of these can-
cers remains poor. Identifying modifiable risk factors is es-
sential for developing effective prevention strategies.

Circulating blood-based biomarkers have attracted in-
creasing attention in cancer epidemiology because of their 
accessibility, routine clinical use, and potential mechanis-
tic relevance. Among them, platelets – traditionally known 
for their role in hemostasis – have also been shown to ac-
tively promote tumor progression by releasing cytokines 
and growth factors that facilitate angiogenesis, immune 
evasion, and metastasis, particularly in GI cancers.11 These 
findings highlight the biological importance of systemic 
blood components in cancer development. In addition 
to cellular elements such as platelets, metabolic blood bio-
markers such as low-density lipoprotein (LDL) cholesterol 
and total cholesterol have been linked to membrane struc-
ture, cell signaling, and modulation of the tumor microen-
vironment (TME).12–14 Serum creatinine and total protein 
reflect renal function, muscle metabolism, and nutritional 
status – factors known to influence cancer progression 
and prognosis.15–17 Uric acid, while traditionally associ-
ated with gout and metabolic disorders, has demonstrated 

both antioxidant and pro-inflammatory effects that may 
affect cancer risk in a tissue-specific manner.18,19 However, 
evidence from conventional observational studies remains 
inconclusive because of confounding and potential reverse 
causation.

In parallel, the causal role of these blood biomarkers 
in GI cancers has not been comprehensively investigated. 
Previous studies have often focused on individual biomark-
ers or single cancer types, limiting the generalizability 
and comparability of the results. The 4 cancers selected 
in this study – gastric, colorectal, pancreatic, and gall-
bladder cancer – are among the most common and lethal 
GI malignancies worldwide. They also represent distinct 
anatomical and biological subtypes, providing an oppor-
tunity to assess both shared and divergent metabolic risk 
factors. Furthermore, high-quality genome-wide associa-
tion study (GWAS) data are available for these cancers, 
enabling robust Mendelian randomization (MR) analyses.

Mendelian randomization is a genetic epidemiological 
approach that uses genetic variants as instrumental vari-
ables (IVs) to estimate the causal effect of an exposure (e.g., 
biomarker levels) on disease outcomes.20,21 Previous MR 
studies have provided valuable insights into the relation-
ships between various risk factors and diseases, thereby 
informing clinical practice and public health strategies. For 
instance, MR has been used to investigate the causal effects 
of lipid levels, inflammatory markers, and other metabolic 
factors on cardiovascular disease (CVD), diabetes, and 
different cancer types.22–24

Objectives

The present study aims to evaluate the potential causal 
effects of 5 clinically relevant blood metabolic biomark-
ers – LDL cholesterol, total cholesterol, serum creatinine, 
serum total protein, and uric acid – on the risk of 4 major 
GI cancers using a 2-sample MR approach. By integrating 
genetic and epidemiological data, this study seeks to pro-
vide novel insights into the metabolic determinants of GI 
tumorigenesis and to inform future prevention and risk 
stratification strategies.

Highlights
	• Low-density lipoprotein (LDL) and total cholesterol showed protective effects against gastric cancer (odds ratio 
(OR) = 0.815 and OR = 0.790, respectively; p < 0.01), suggesting a lipid-related mechanism in gastric carcinogenesis.

	• Serum creatinine significantly reduced the risk of gallbladder cancer (OR = 0.037, p < 0.01), highlighting a potential 
novel metabolic biomarker for risk assessment.

	• Higher serum total protein and uric acid levels were protective against colorectal cancer (CRC; OR = 0.855 for 
both, p < 0.01), underscoring the role of metabolic balance in CRC prevention.

	• Uric acid displayed dual effects, being protective against gastric cancer but associated with increased pancreatic 
cancer risk (OR = 0.822 vs OR = 1.246), indicating tumor site-specific metabolic pathways.
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Materials and methods

Data source and study design

This study adopted a 2-sample MR design to assess 
the causal effects of metabolic blood biomarkers on GI 
cancer risk. Summary-level genetic association data for 
exposures (LDL cholesterol, total cholesterol, serum cre-
atinine, serum total protein, and uric acid) and outcomes 
(gastric, colorectal, pancreatic, and gallbladder cancers) 
were obtained from large-scale GWASs available through 
the MRC IEU Open GWAS database (https://gwas.mrcieu.
ac.uk).

All data were derived from previous studies that had 
received ethical approval and informed consent.

Selection of genetic instruments and 
quality control

For each biomarker, single nucleotide polymorphisms 
(SNPs) strongly associated with the exposure were selected 
as IVs at the genome-wide significance level (p < 5 × 10–8). 
To ensure instrument independence, we applied linkage 
disequilibrium (LD) clumping at r2 < 0.001 using a 10,000-
kb window. When fewer SNPs met the strict threshold, 
a relaxed p-value threshold of 5 × 10–6 was used while 
retaining LD filtering. Palindromic SNPs with intermedi-
ate allele frequencies were excluded. To ensure instrument 
strength, F-statistics were calculated for each SNP, and 
variants with F < 10 were excluded to avoid weak instru-
ment bias. Additionally, we reported the median and range 
of F-statistics for each biomarker to characterize the dis-
tributional strength of the instruments. These metrics are 
provided in Supplementary Table 1.

Outcome GWAS inclusion criteria

Summary-level genetic association data for both ex-
posures and outcomes were obtained from the  MRC 
IEU Open GWAS platform. All datasets included in this 
study were derived exclusively from individuals of Euro-
pean ancestry to minimize population stratification bias. 
The outcome datasets included large-scale GWASs for 
gastric cancer (n = 476,116), CRC (n = 470,002), pancreatic 
cancer (n = 476,245), and gallbladder cancer (n = 907), 
each comprising more than 24 million SNPs, except for 
gallbladder cancer, which included approx. 419,000 SNPs.

The selected exposures – LDL cholesterol, total choles-
terol, serum total protein, serum creatinine, and serum 
uric acid – were chosen based on biological plausibility 
and prior literature and were each associated with more 
than 19 million SNPs in cohorts exceeding 340,000 indi-
viduals. All GWAS datasets underwent rigorous quality 
control procedures, including imputation to the Haplotype 
Reference Consortium (HRC) panel and adjustment for 
population structure. Detailed dataset identifiers, sample 
sizes, and SNP coverage are provided in Table 1.

Statistical analyses and pleiotropy testing

The estimation of causal effects between blood cell traits 
and GI tumors was performed using multiple MR method-
ologies, including inverse variance weighted (IVW), MR-
Egger, weighted median, and simple mode methods. The MR-
PRESSO (Mendelian Randomization Pleiotropy RESidual 
Sum and Outlier) test was employed to detect and adjust for 
horizontal pleiotropy by identifying and excluding statistical 
outliers from the analysis. Heterogeneity among the selected 
genetic instruments was evaluated using Cochran’s Q test, 

Table 1. Summary of genome-wide association study (GWAS) datasets for exposure and outcome variables

GWAS ID Exposure Sample size Number of SNPs Population

ebi-a-GCST90018849 gastric cancer 476,116 24,188,662 European

ebi-a-GCST90018808 colorectal cancer 470,002 24,182,361 European

ebi-a-GCST90018893 pancreatic cancer 476,245 24,195,229 European

ebi-a-GCST001404 gallbladder cancer 907 419,385 European

ebi-a-GCST90018961 LDL cholesterol 343,621 19,037,976 European

ebi-a-GCST90018956 HDL cholesterol 315,133 19,051,633 European

ebi-a-GCST90018974 total cholesterol 344,278 19,043,498 European

ebi-a-GCST90025991 serum urea 437,580 4,231,983 European

ebi-a-GCST90025992 serum albumin 400,938 4,219,040 European

ebi-a-GCST90025995 serum total protein 400,482 4,218,824 European

ebi-a-GCST90025948 serum phosphate 400,159 4,218,812 European

ebi-a-GCST90018942 serum alkaline phosphatase 344,292 19,052,566 European

ebi-a-GCST90018979 serum creatinine 344,104 19,034,241 European

ebi-a-GCST90018977 serum uric acid 343,836 19,041,286 European

ebi-a-GCST90092992 total triglycerides 115,082 11,590,399 European

HDL – high-density lipoprotein; LDL – low-density lipoprotein; SNP – single-nucleotide polymorphism.

https://gwas.mrcieu.ac.uk
https://gwas.mrcieu.ac.uk
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with p < 0.05 indicating the absence of significant hetero-
geneity.25 The presence of pleiotropy was assessed using 
the MR-Egger intercept test, wherein a nonsignificant p-value 
suggested no substantial pleiotropy among the IVs. The ro-
bustness and reliability of the causal estimates were evaluated 
using the leave-one-out approach, which entails sequential 
exclusion of each IV to determine its influence on the overall 
results. All analyses were performed in R v. 4.2.2 (R Foun-
dation for Statistical Computing, Vienna, Austria) using 
the TwoSampleMR and MR-PRESSO packages.

Results

A summary of  the key causal estimates is presented 
in Table 2.

Gastric cancer

Mendelian randomization analysis (Fig. 1) revealed that 
genetically predicted LDL cholesterol levels were signifi-
cantly associated with a decreased risk of gastric cancer 
(IVW odds ratio (OR) = 0.815, 95% confidence interval 

(95% CI): 0.703–0.946, p < 0.01). Similarly, total cholesterol 
also exhibited a protective effect (IVW OR = 0.790, 95% CI: 
0.693–0.900, p < 0.01). Serum uric acid was inversely asso-
ciated with gastric cancer risk (OR = 0.822, 95% CI: 0.719–
0.941, p < 0.01). These associations were consistent across 
the MR-Egger and weighted median methods, although 
the MR-Egger estimates had wider CIs.

Colorectal cancer

Higher serum total protein levels were associated with 
a reduced risk of CRC (IVW OR = 0.855, 95% CI: 0.777–
0.940, p < 0.01). Serum uric acid also showed a protective 
effect (OR = 0.855, 95% CI: 0.769–0.951, p < 0.01) (Fig. 1). 
The robustness of these findings was supported by MR-
Egger, weighted median, and MR-PRESSO sensitivity 
analyses.

Pancreatic cancer

Serum uric acid levels were positively associated with 
pancreatic cancer risk (IVW OR = 1.246, 95% CI: 1.010–
1.539, p = 0.040), contrasting with their protective role 

Table 2. Summary of the main Mendelian randomization (MR) findings for biomarkers and gastrointestinal (GI) cancers

Exposure Cancer outcome IVW OR (95% CI) p-value Effect

LDL cholesterol gastric cancer 0.815 (0.703–0.946) <0.01 protective

Total cholesterol gastric cancer 0.790 (0.693–0.900) <0.01 protective

Serum creatinine gallbladder cancer 0.037 (0.005–0.287) <0.01 strong protective effect

Total protein colorectal cancer 0.855 (0.777–0.940) <0.01 protective

Uric acid colorectal cancer 0.855 (0.769–0.951) <0.01 protective

Uric acid gastric cancer 0.822 (0.719–0.941) <0.01 protective

Uric acid pancreatic cancer 1.246 (1.010–1.539) 0.040 risk factor

HDL – high-density lipoprotein; LDL – low-density lipoprotein; OR – odds ratio; 95% CI – 95% confidence interval; IVW – inverse variance weighted.

Fig. 1. Association between blood cell traits and GI tumors

GI – gastrointestinal; MR-Egger – Mendelian randomization–Egger; OR – odds ratio; 95% CI – 95% confidence interval; SNP – single nucleotide 
polymorphism; *indicates statistical significance; LDL – low-density lipoprotein.
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in gastric and colorectal cancer (Supplementary Fig. 1). 
MR-Egger and weighted median estimates demonstrated 
consistent directionality, although statistical significance 
was attenuated (weighted median p = 0.061).

Gallbladder cancer

Serum creatinine was strongly associated with a de-
creased risk of gallbladder cancer (IVW OR = 0.037, 95% CI: 
0.005–0.287, p  <  0.01), with consistent results across 
the MR-Egger and weighted median methods (Fig. 1).

Scatter plot visualization

The MR scatter plots presented in Fig. 2 visually support 
the causal estimates derived from statistical modeling. 
In Fig. 2A,B, clear negative slopes are observed between 
LDL cholesterol and gastric cancer, and between serum 
creatinine and gallbladder cancer, respectively, indicating 
protective effects. Figure 2C,D shows similar inverse rela-
tionships for serum total protein and uric acid with CRC 
risk. In contrast, Fig. 2F shows a positive slope between uric 
acid and pancreatic cancer, consistent with its observed 
risk-enhancing effect. The alignment of most SNPs along 
the IVW regression lines, with minimal outliers, suggests 
that the instrumental variables exert consistent directional 
effects with limited horizontal pleiotropy. These visual 
findings reinforce the robustness of the causal estimates 
obtained through MR methods.

Sensitivity and robustness

These estimates were consistent across the MR-Egger 
and weighted median methods, with no indication of di-
rectional pleiotropy (MR-Egger intercept p  >  0.05 for 
all pairs). Heterogeneity testing using Cochran’s Q test 
showed no significant heterogeneity in most models (Q p-
value > 0.05) (Table 3). MR-PRESSO analysis did not iden-
tify influential outlier SNPs, and leave-one-out analyses 
further supported the robustness of the results.

The F-statistics of the included instrumental variables 
were all above the conventional threshold (F > 10), confirm-
ing strong instrument strength. For example, in the HDL 
cholesterol–CRC model, 287 independent SNPs yielded 
F-statistics with a median of 33.86 (interquartile range 
(IQR): 26.72–61.65) and a range from 19.74 to 701.81 (Sup-
plementary Table 1).

Discussion

Gastrointestinal cancers, including gastric, colorectal, 
pancreatic, and gallbladder cancers, are among the leading 
causes of cancer-related mortality worldwide.1 The etiology 
of these cancers is multifactorial, involving genetic predis-
position, lifestyle factors, and environmental exposures.4 

Despite advancements in cancer treatment, the prognosis 
of many GI cancers remains poor, underscoring the impor-
tance of identifying modifiable risk factors.26 This study 
employed MR to explore the causal relationships between 
blood cell traits and GI cancer risk, providing insights that 
could inform clinical practice and public health strategies.

The results of  this study show that the protective ef-
fect of LDL cholesterol against gastric cancer, as indicated 
by the IVW method, may be attributed to its role in cellu-
lar processes. Low-density lipoprotein cholesterol is known 
to influence membrane fluidity and signaling pathways that 
may affect cell proliferation and apoptosis.12 Furthermore, 
it is involved in modulation of immune responses, which may 
contribute to tumor suppression.13 This finding is consistent 
with previous studies suggesting that certain lipid profiles 
may exert protective effects against specific cancers.14,27

Serum creatinine levels showed a  protective effect 
against gallbladder cancer. Creatinine, a breakdown prod-
uct of creatine phosphate derived from muscle metabolism, 
has been linked to kidney function and overall metabolic 
health.15 Its protective role may be related to better meta-
bolic control and lower levels of metabolic waste, thereby 
reducing chronic inflammation that could contribute 
to cancer development.28 This interpretation is supported 
by studies indicating that improved metabolic health may 
reduce cancer risk.29 Given the relatively small sample size 
of the gallbladder cancer cohort (n = 907), the statisti-
cal power to detect modest associations may be limited. 
Therefore, although the observed protective effect of se-
rum creatinine is biologically plausible, further validation 
in larger datasets is warranted.

The association between serum total protein levels and 
a reduced risk of CRC may reflect the overall nutritional 
status and immune competence of  individuals. Higher 
protein levels may enhance the body’s ability to repair DNA 
damage and maintain immune surveillance, which are cru-
cial in preventing carcinogenesis.16 Similar mechanisms 
have been proposed in other studies linking nutritional 
status to cancer risk.17

Serum uric acid levels showed a  dual role in  cancer 
risk, acting as a protective factor in colorectal and gas-
tric cancer, but as a risk factor in pancreatic cancer. This 
duality may stem from uric acid’s complex involvement 
in redox balance and inflammation. At moderate levels, 
uric acid may act as an antioxidant, whereas at elevated 
concentrations, it can promote oxidative stress and NLRP3 
inflammasome activation – particularly in pancreatic tis-
sues.18,19,30,31 These microenvironmental mechanisms may 
help explain its divergent effects across different cancer 
types. Furthermore, the association between uric acid and 
pancreatic cancer might be partially mediated by obesity-
related inflammatory pathways,32 which warrants further 
evaluation through multivariable MR (MVMR).

Total cholesterol levels showed a significant protective 
effect against gastric cancer. Cholesterol plays a role in cel-
lular membrane integrity and signaling pathways, and its 



Fig. 2. Scatter plots for MR analyses of causal associations between blood 
cell traits and GI tumors. A. Low-density lipoprotein (LDL) cholesterol and 
gastric cancer; B. Serum creatinine and gallbladder cancer; C. Serum total 
protein and colorectal cancer (CRC); D. Serum uric acid and CRC; E. Serum 
uric acid and gastric cancer; F. Serum uric acid and pancreatic cancer; 
G. Total cholesterol and gastric cancer

GI – gastrointestinal; MR – Mendelian randomization; SNP – single 
nucleotide polymorphism.
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Table 3. Assessment of pleiotropy and heterogeneity in Mendelian randomization (MR) models across biomarkers and cancer outcomes

Outcome Exposure
Heterogeneity Pleiotropy

Q Q
p-value p-value

Colorectal cancer HDL cholesterol 316.383 0.097 0.197 

Gallbladder cancer HDL cholesterol 135.428 0.144 0.464 

Pancreatic cancer HDL cholesterol 328.424 0.171 0.960 

Colorectal cancer LDL cholesterol 150.300 0.301 0.744 

Gallbladder cancer LDL cholesterol 68.786 0.157 0.948 

Gastric cancer LDL cholesterol 185.351 0.145 0.662 

Pancreatic cancer LDL cholesterol 180.006 0.322 0.443 

Colorectal cancer serum albumin 269.259 0.087 0.087 

Gallbladder cancer serum albumin 98.235 0.918 0.624 

Gastric cancer serum albumin 244.249 0.359 0.921 

Pancreatic cancer serum albumin 278.128 0.107 0.081 

Colorectal cancer serum alkaline phosphatase 326.321 0.333 0.505 

Gallbladder cancer serum alkaline phosphatase 94.128 0.961 0.666 

Gastric cancer serum alkaline phosphatase 394.954 0.093 0.310 

Pancreatic cancer serum alkaline phosphatase 311.963 0.675 0.371 

Colorectal cancer serum creatinine 422.894 0.197 0.404 

Gallbladder cancer serum creatinine 102.047 1.000 0.089 

Gastric cancer serum creatinine 455.188 0.150 0.646 

Pancreatic cancer serum creatinine 436.112 0.583 0.624 

Colorectal cancer serum phosphate 200.221 0.169 0.513 

Gallbladder cancer serum phosphate 108.639 0.088 0.950 

Gastric cancer serum phosphate 190.015 0.327 0.919 

Pancreatic cancer serum phosphate 215.832 0.125 0.407 

Colorectal cancer serum total protein 290.537 0.530 0.830 

Gallbladder cancer serum total protein 177.126 0.080 0.872 

Pancreatic cancer serum total protein 330.559 0.497 0.381 

Colorectal cancer serum urea 218.545 0.076 0.217 

Gallbladder cancer serum urea 83.991 0.804 0.619 

Gastric cancer serum urea 231.534 0.083 0.372 

Pancreatic cancer serum urea 228.816 0.112 0.541 

Colorectal cancer serum uric acid 223.663 0.808 0.140 

Gallbladder cancer serum uric acid 109.855 0.618 0.723 

Gastric cancer serum uric acid 286.208 0.452 0.538 

Pancreatic cancer serum uric acid 283.044 0.666 0.054 

Colorectal cancer total cholesterol 197.675 0.096 0.582 

Gallbladder cancer total cholesterol 80.917 0.246 0.444 

Gastric cancer total cholesterol 202.338 0.168 0.451 

Pancreatic cancer total cholesterol 229.433 0.090 0.736 

Colorectal cancer total triglycerides 82.093 0.075 0.066 

Gallbladder cancer total triglycerides 8.269 0.974 0.079 

Gastric cancer total triglycerides 72.943 0.208 0.390 

Pancreatic cancer total triglycerides 68.491 0.529 0.253 

HDL – high-density lipoprotein; LDL – low-density lipoprotein.
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modulation may affect cancer cell behavior.33 The pro-
tective effect observed in this study aligns with previous 
findings suggesting that maintaining balanced cholesterol 
levels may contribute to cancer prevention.34

The observed associations between blood cell traits and 
GI cancers have significant implications for clinical prac-
tice. For instance, monitoring and potentially modifying 
lipid profiles, creatinine, total protein, and uric acid levels 
in patients could represent a strategy to mitigate cancer 
risk.35 The findings suggest that clinicians should consider 
the impact of these blood cell traits on cancer risk, espe-
cially in patients with a high predisposition to GI cancers.36 
Among these associations, the strong inverse association 
observed between serum creatinine and gallbladder can-
cer highlights potential biological relevance. However, its 
clinical utility is limited by the low incidence of the disease 
and the lack of established screening strategies. Further 
studies are needed to confirm this association and explore 
its feasibility for individualized risk prediction.

Limitations of the study

Several limitations should be acknowledged. First, 
the scope of blood biomarkers analyzed was limited. Other 
potentially relevant variables such as inflammatory mark-
ers (e.g., C-reactive protein (CRP)), micronutrients (e.g., 
vitamin D), or liver enzymes (e.g., alanine transaminase 
(ALT) and aspartate transaminase (AST)) were not in-
cluded because of data availability or the lack of strong 
genetic instruments. Second, we did not perform MVMR, 
which may help disentangle collinearity between closely 
related exposures such as LDL and total cholesterol. This 
should be prioritized in future studies. Third, our GWAS 
data were derived exclusively from individuals of Euro-
pean ancestry, which may limit generalizability to other 
ethnic groups. This is particularly relevant for cancers 
such as gastric and gallbladder cancer, which have higher 
incidence rates in Asian and South American popula-
tions. Trans-ethnic validation will be essential to establish 
broader applicability.

Additionally, we did not examine sex- or age-specific 
effects, nor did we stratify by cancer subtype (e.g., colon 
compared with rectal cancer), which may obscure bio-
logically meaningful heterogeneity. Future work could in-
corporate stratified MR analyses to explore population-
specific and tumor-specific metabolic pathways. Finally, 
functional validation using experimental models is needed 
to confirm the mechanistic pathways suggested by our 
findings.

While our findings suggest that certain metabolic blood 
biomarkers, such as LDL cholesterol and serum uric acid, 
may play protective roles in specific GI cancers, these bio-
markers are also known risk factors for CVD, gout, and 
kidney dysfunction. Thus, it is essential to interpret our 
findings within a broader clinical context. We do not advo-
cate artificial elevation of these biomarkers as a preventive 

strategy. Instead, the observed associations may reflect 
complex metabolic or immunological mechanisms that 
warrant further mechanistic investigation. Clinical in-
terventions should always consider the balance between 
cancer risk and other disease burdens.

Conclusions

This study provides genetic evidence supporting causal 
links between selected blood metabolic traits and GI cancer 
risk. These results highlight new avenues for biomarker-
guided screening and underscore the need for further 
mechanistic and translational research to translate these 
associations into actionable clinical tools.
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