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Abstract
This Matters Arising article critically examines the study “Genetic susceptibility association between viral infection 
and colorectal cancer risk: a two-sample Mendelian randomization analysis” by Li et al., highlighting both its 
contributions and methodological limitations. Their study employed two-sample Mendelian randomization 
(MR) to explore potential causal links between viral infections and colorectal cancer (CRC), identifying 
significant associations with infections such as herpes simplex virus and measles. However, several aspects of 
the methodology warrant scrutiny, including the relaxation of instrumental variable selection thresholds, the 
handling of potential pleiotropy, and the interpretation of biologically implausible findings. While leveraging 
advanced MR techniques such as MR-RAPS, cML, ConMix, and dIVW to address challenges like pleiotropy and 
weak instruments, the study encountered issues related to heterogeneity, insufficient exploration of biological 
plausibility, and a lack of detailed reporting on instrumental variable (IV) selection and preprocessing. This Matters 
Arising calls for more rigorous sensitivity analyses, improved transparency in IV selection criteria and harmonization 
of genome-wide association study (GWAS) datasets, particularly in addressing differences between self-reported 
and clinically diagnosed infections. Additionally, the Matters Arising article calls for a deeper exploration of 
biological mechanisms, such as the role of immune modulation and inflammation, to better interpret the observed 
associations. By addressing these limitations, future MR studies can enhance methodological rigor, improve 
reproducibility, and provide more robust insights into the causal pathways linking viral infections to CRC risk.
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Introduction
Mendelian randomization (MR) has emerged as a pow-
erful tool in genetic epidemiology, offering a unique 
approach to infer causal relationships between risk fac-
tors and health outcomes by using genetic variants as 
instrumental variables (IVs) [1]. This method has gained 
widespread acceptance due to its ability to mitigate con-
founding and reverse causation, issues that often plague 
observational studies. Two-sample MR (TSMR) further 
enhances analytical power by using separate genome-
wide association study (GWAS) datasets for exposures 
and outcomes, allowing researchers to investigate com-
plex causal pathways [2]. The study “Genetic suscepti-
bility association between viral infection and colorectal 
cancer risk: a two-sample Mendelian randomization 
analysis” by Li et al. contributed to this growing body 
of literature by investigating the genetic susceptibil-
ity associations between various viral infections and 
colorectal cancer (CRC) [3]. Li et al. identified significant 
associations between specific viral infections and CRC 
risk, including herpes simplex virus (HSV), herpes zoster, 
viral hepatitis, and infectious mononucleosis. However, 
their methodology raised concerns regarding the relax-
ation of IV selection thresholds (P < 5 × 10− 6), limited sen-
sitivity analyses, and insufficient exploration of biological 
mechanisms underlying these associations. Such limita-
tions could compromise the reliability of their findings, 
particularly in addressing the heterogeneity across CRC 
subtypes and potential biases from weak instruments.

This Matters Arising provides a detailed critique of the 
study, addressing issues such as IV selection thresholds, 
the handling of pleiotropy, subgroup heterogeneity, and 
the transparency of reporting. Additionally, it empha-
sizes the importance of exploring biological plausibility, 
particularly the role of immune responses and inflamma-
tion, to better contextualize the observed associations. 
By proposing methodological improvements and high-
lighting unresolved questions, this critique aims to guide 
future MR studies in addressing similar challenges.

IV selection and thresholds
IV selection is a critical aspect of MR studies, as the 
validity of the causal inference hinges on the strength and 
relevance of the selected IVs. The criteria for IV selec-
tion in Li et al.’s study followed these steps: (1) Extracting 
summary statistics for genetic variants associated with 
viral infections (exposures) from large GWAS datasets, 
such as 23andMe and FinnGen; (2) Filtering variants 
based on the relaxed P < 5 × 10− 6 threshold; (3) Clumping 
variants to ensure independence (linkage disequilibrium 
threshold: r2 < 0.001, within a 10,000 kb window); and (4) 
Excluding SNPs with F-statistics less than 10 to mini-
mize weak instrument bias. In their study, Li et al. opted 
to relax the conventional genome-wide significance 

threshold for selecting IVs from P < 5 × 10− 8 to a more 
lenient threshold of P < 5 × 10− 6 [3]. This decision was 
likely made to ensure an adequate number of IVs for the 
MR analysis, given the limited availability of strongly 
associated genetic variants.

While these measures aim to enhance analytical power, 
the use of a relaxed threshold without sufficient justifi-
cation raises concerns. Relaxing the threshold increases 
the likelihood of selecting weak IVs, which can lead to 
biased causal estimates, particularly if pleiotropic effects 
are present. Li et al. mentioned excluding SNPs with low 
F-statistics, but they did not provide detailed information 
on the distribution of F-statistics across the selected IVs, 
nor did they conduct sensitivity analyses to evaluate the 
impact of this relaxation.

To address this limitation, the decision to relax IV 
selection thresholds should be accompanied by robust 
sensitivity analyses, including Steiger directionality tests, 
Leave-one-out analyses, and Cochran’s Q tests. The Stei-
ger test can confirm the correct causal directionality [4], 
while Leave-one-out analysis assesses the influence of 
individual IVs on overall estimates [5]. Cochran’s Q test 
evaluates heterogeneity among IVs, identifying poten-
tial violations of MR assumptions [6]. By implementing 
these analyses, researchers can validate the robustness of 
causal estimates despite relaxed thresholds.

Furthermore, harmonization procedures for GWAS 
datasets should be explicitly reported [7]. These include 
aligning alleles to the same reference strand, exclud-
ing palindromic SNPs to prevent strand ambiguity, and 
ensuring consistent IV presence in both exposure and 
outcome datasets. Clear documentation of these steps 
enhances transparency and facilitates reproducibility in 
MR studies.

To improve the robustness of future MR studies, 
researchers should adhere to the conventional thresh-
old of of P < 5 × 10− 8 unless strong justification exists for 
relaxation. If a relaxed threshold is used, comprehensive 
sensitivity analyses and detailed reporting of IV charac-
teristics, including F-statistics, are essential to maintain 
credibility. Additionally, leveraging larger GWAS datas-
ets or employing polygenic risk scores may help reduce 
the need for threshold relaxation by increasing statistical 
power.

Potential pleiotropy and confounding
MR relies on the assumption that the selected genetic 
variants influence the outcome solely through the expo-
sure of interest and not through other pathways—a con-
dition known as no pleiotropy [8]. Pleiotropy occurs 
when a genetic variant affects multiple traits, potentially 
introducing bias if the pleiotropic effects are related to 
the outcome through pathways other than the exposure. 
Addressing pleiotropy is critical for ensuring the validity 
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of causal inferences in MR studies. In their analysis, Li 
et al. utilized several MR methods, including MR-Egger 
and MR-PRESSO, to account for horizontal pleiotropy 
[3]. The study reported that no significant pleiotropy was 
detected, which the authors interpret as evidence of the 
robustness of their findings.

However, MR-Egger has significant limitations. It 
assumes that pleiotropic effects are uncorrelated with 
the strength of the IV-exposure association (InSIDE 
assumption), which may not always hold in real-world 
data. Furthermore, MR-Egger is highly sensitive to weak 
instruments, potentially producing biased estimates 
when the F-statistics of IVs are low [9]. MR-PRESSO, 
on the other hand, identifies and removes outlier vari-
ants contributing to horizontal pleiotropy, providing 
corrected causal estimates [10]. While effective in reduc-
ing the influence of pleiotropic outliers, MR-PRESSO 
assumes that the remaining IVs are valid and does not 
address scenarios where pleiotropy is widespread across 
most IVs. Additionally, the outlier removal process can 
reduce the number of IVs, potentially affecting statistical 
power and precision.

To address these limitations, researchers should con-
sider incorporating additional methods to enhance 
the robustness of MR analyses. Weighted median and 
mode-based estimators are promising alternatives. The 
weighted median method provides valid causal estimates 
if at least 50% of the weight comes from valid instru-
ments, offering protection against invalid IVs [11]. The 
mode-based estimator, which relies on identifying the 
most common causal effect among IVs, is effective even 
when a majority of the IVs are pleiotropic, provided that 
the mode represents the true causal effect [12]. These 
methods are less sensitive to violations of the no-pleiot-
ropy assumption and complement MR-Egger and MR-
PRESSO by addressing their weaknesses.

Beyond addressing pleiotropy, confounding factors 
such as population stratification and linkage disequi-
librium (LD) must also be carefully managed. Popula-
tion stratification, where allele frequencies vary across 
ancestral groups, can introduce spurious associations if 
not properly accounted for [13]. To mitigate this, repli-
cation studies in diverse populations and the inclusion 
of principal components in single-sample MR analyses 
are recommended. In two-sample MR, where covariates 
cannot be directly included, researchers should focus on 
harmonizing datasets and testing consistency across sub-
populations. LD, where selected IVs are correlated with 
other variants influencing the outcome through unre-
lated pathways, presents another challenge [14]. To mini-
mize LD-related bias, IVs should be clumped to ensure 
independence and evaluated for their individual contri-
butions to the causal estimate.

Future MR studies should consider employing more 
advanced methods to address pleiotropy and confound-
ing. Multivariable Mendelian randomization (MVMR) is 
one such approach that allows for the simultaneous con-
sideration of multiple exposures, helping to disentangle 
the effects of correlated risk factors [15]. While includ-
ing principal components as covariates in MR regression 
can account for population stratification, this approach 
is feasible in single-sample MR studies only. In two-sam-
ple MR studies, covariates cannot be directly included 
in the two-stage least squares (2SLS) regression due to 
data constraints, so researchers should instead aim to 
conduct replication studies in different populations to 
help validate findings and address potential confounding 
[16]. The sensitivity analyses that account for population 
stratification, such as including principal components 
as covariates in the analysis, can help mitigate the risk 
of confounding [17]. Researchers should also consider 
conducting replication studies in different populations 
or using different datasets to validate the findings and 
ensure they are not driven by unrecognized confounders.

Interpretation of results and biological plausibility
The results of the study by Li et al. indicated associations 
between specific viral infections and CRC risk, such as 
the protective effect of HSV on CRC and the increased 
risk associated with measles virus infection [3]. While 
these associations were statistically significant, their 
biological plausibility requires further exploration to 
strengthen the scientific validity of the findings.

For example, the finding that HSV is associated with a 
reduced risk of CRC is counterintuitive, as chronic viral 
infections are generally considered pro-inflammatory 
and potentially carcinogenic [18]. However, HSV has 
demonstrated oncolytic properties in preclinical stud-
ies, selectively infecting and destroying tumor cells, par-
ticularly in the central nervous system [19]. Oncolytic 
herpesviruses engineered to target cancer cells have 
shown promise in clinical trials, likely due to their abil-
ity to activate anti-tumor immune responses and induce 
direct cytotoxic effects [20]. In the context of CRC, the 
neurotropic nature of HSV might limit its direct inter-
action with colorectal tissues, potentially explaining the 
observed protective effect. Experimental studies using 
colorectal cell lines and animal models are needed to 
confirm these mechanisms.

Similarly, the study reported that measles virus infec-
tion was associated with an increased risk of colon cancer. 
Measles virus is known to induce immune suppression, 
which could impair tumor surveillance and allow cancer-
ous cells to proliferate unchecked [21]. A study has high-
lighted the overexpression of the measles virus receptor 
(PVRL4) in colorectal cancer tissues, suggesting a plau-
sible link between viral entry and tumor progression [22]. 
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This pathway warrants further investigation to clarify the 
role of measles virus in CRC development.

For herpes zoster, the study identified an increased risk 
of rectal cancer and a protective association with colon 
cancer. This dichotomy may reflect site-specific immune 
responses and microenvironmental factors. Varicella-
zoster virus (VZV) replication in CD8+ T cells has been 
linked to localized inflammation, particularly in the rec-
tum, which could increase cancer risk [23]. Conversely, 
high CD8+ T cell infiltration in the colon is associated 
with better cancer prognosis, potentially mitigating the 
carcinogenic effects of VZV in this region [24]. These 
contrasting effects underscore the importance of con-
ducting site-specific analyses to disentangle the underly-
ing mechanisms.

Infectious mononucleosis, caused by Epstein-Barr 
virus (EBV), was associated with a reduced risk of both 
colon and rectal cancer [25]. EBV has been implicated 
in hematological malignancies but appears to play a 
less prominent role in solid tumors [26]. Experimen-
tal evidence suggests that EBV infection can modulate 
the tumor immune microenvironment, enhancing anti-
tumor immunity in certain contexts [27]. This immuno-
modulatory effect could explain the observed protective 
association, but further research is required to delineate 
its role in CRC risk.

Finally, the study identified blood metabolites linked to 
viral infections and CRC risk. For instance, the cysteinyl-
glycine-to-taurine ratio was found to be inversely asso-
ciated with rectal cancer risk. Cysteine plays a critical 
role in maintaining redox balance and immune function, 
while taurine has demonstrated anti-inflammatory prop-
erties in preclinical models [28]. These metabolites may 
act synergistically to counteract inflammation-driven 
tumorigenesis. Future research integrating metabolomic 
and genetic data may help uncover novel biomarkers and 
therapeutic targets for CRC.

By providing a deeper exploration of these biological 
mechanisms, researchers can better contextualize their 
findings and enhance the credibility of MR studies.

Heterogeneity and subgroup analysis
Heterogeneity in effect estimates is a common issue in 
epidemiological studies, including MR analyses [29]. In 
the study by Li et al., subgroup analyses were conducted 
to explore the associations between viral infections and 
different CRC subtypes, such as colon cancer and rectal 
cancer [3]. These analyses are valuable, as they help to 
identify potential differences in the impact of exposures 
across various forms of CRC. However, the study did not 
adequately explore potential sources of heterogeneity, 
nor did it address how these sources might influence the 
reliability of the findings.

One potential source of heterogeneity is the genetic 
diversity across study populations. Differences in allele 
frequencies and LD patterns across populations may lead 
to population-specific effects, limiting the generalizabil-
ity of the findings. To mitigate this, rreplication studies 
in diverse populations with varying genetic backgrounds 
are necessary to validate the findings and reduce popula-
tion-specific biases.

Another source of heterogeneity may arise from dif-
ferences in study designs. For instance, GWAS datasets 
such as 23andMe and FinnGen use distinct approaches 
to measure exposures: 23andMe relies on self-reported 
infection history [30], which is prone to recall bias, while 
FinnGen utilizes clinically diagnosed cases [31]. Such dis-
crepancies could result in variations in effect estimates 
and should be addressed by harmonizing definitions of 
exposures and outcomes across datasets. Stratified analy-
ses by dataset source can also help disentangle dataset-
specific biases.

Heterogeneity might also reflect anatomical and bio-
logical differences between CRC subtypes. Colon and 
rectal cancers have distinct etiologies, immune infil-
tration patterns, and microbiome compositions, all of 
which could modify the effects of viral infections. For 
example, the protective association observed for herpes 
zoster with colon cancer, contrasted with its increased 
risk for rectal cancer, suggests site-specific factors influ-
encing the tumor microenvironment. Stratifying analyses 
by tumor location and incorporating covariates such as 
inflammatory biomarkers or microbiome profiles could 
provide more refined insights into these differences.

The authors mentioned the use of Cochran’s Q statis-
tic to assess heterogeneity, but this test alone is not suf-
ficient to address the complexities of the data. Cochran’s 
Q evaluates overall heterogeneity but does not identify 
specific sources or moderators of variability [32, 33]. 
Complementing this approach with meta-regression 
techniques [34] to investigate moderators, such as age, 
sex, or genetic ancestry, could help pinpoint factors con-
tributing to heterogeneity. Random-effects models [35] 
could also account for variability across subgroups, pro-
viding more reliable estimates in the presence of signifi-
cant heterogeneity.

Additionally, the lack of harmonization in defining 
CRC subtypes or outcomes across datasets may have 
introduced additional variability. Future studies should 
ensure consistent definitions of outcomes and exposures, 
particularly when combining data from multiple sources. 
This could involve applying standardized criteria for CRC 
subtyping, such as TNM staging, and ensuring consistent 
diagnostic thresholds for viral infections.

To better account for heterogeneity, future MR studies 
should consider using more sophisticated methods, such 
as random-effects models, which allow for variability 
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across subgroups and provide a more nuanced under-
standing of the data [35]. Stratified analyses based on 
other relevant factors (e.g., age, sex, genetic ancestry) 
should also be conducted to assess whether the effects of 
viral infections on CRC risk differ across different popu-
lation subgroups. Additionally, interaction terms could 
be included in the MR analysis to evaluate potential effect 
modification by these factors [36]. Exploring the biologi-
cal differences between CRC subtypes in greater detail, 
particularly in relation to viral infections, would also 
enhance the study’s contributions to our understanding 
of cancer etiology.

Reporting and transparency
Transparency in reporting is essential for the reproduc-
ibility and credibility of scientific research. While the 
study by Li et al. presented valuable data and results, 
there are areas where reporting could be improved. For 
example, the specific criteria for selecting IVs, the steps 
taken during data preprocessing, and the results of the 
sensitivity analyses were not thoroughly described. This 
lack of detail makes it challenging for readers to fully 
assess the validity of the study’s findings or to replicate 
the analysis in future research.

Moreover, the study would benefit from a more com-
prehensive discussion of the limitations of MR analysis, 
particularly in the context of the specific methodological 
choices made by the authors. For instance, the decision 
to relax the IV selection threshold and the potential for 
weak instrument bias should be discussed more openly. 
Additionally, the study did not address the limitations of 
using self-reported infection history data from 23andMe, 
which could introduce recall bias or other forms of mis-
classification [37].

The study also lacked sufficient detail on the sensitivity 
analyses conducted. While the authors mentioned using 
MR-Egger and MR-PRESSO to account for pleiotropy, 
they did not provide the specific results of these analyses 
or discuss how they were interpreted. Furthermore, the 
study did not explore alternative MR methods that could 
provide additional robustness to the findings, such as the 
use of weighted median or mode-based estimators.

To enhance transparency, future MR studies should 
provide a detailed description of their data preprocess-
ing steps, criteria for IV selection, and the results of all 
sensitivity analyses conducted. This could be achieved 
by including supplementary materials or appendices that 
contain this information. Additionally, the study should 
follow established reporting guidelines for MR studies, 
such as the STROBE-MR checklist, to ensure that all rel-
evant details are reported comprehensively [38]. By being 
more transparent about the methodological choices 
and potential limitations, researchers can improve the 

credibility of their findings and facilitate replication by 
others in the field.

Application of novel MR techniques
The study by Li et al. employed several advanced MR 
techniques, such as cML, ConMix, MR-RAPS, and 
dIVW, to assess the causal effects of viral infections on 
CRC risk [3]. These methods are valuable for addressing 
some of the challenges inherent in MR analysis, such as 
pleiotropy and weak instrument bias.

The cML and ConMix methods were chosen due to 
their ability to handle both correlated and uncorrelated 
pleiotropy, which occurs when genetic variants affect the 
outcome through pathways independent of the exposure. 
cML and ConMix are particularly useful in scenarios 
where the IVs are suspected to include pleiotropic vari-
ants, as it models the distribution of pleiotropic effects 
across all IVs rather than assuming all IVs are valid. This 
feature allows for a more robust causal estimate even in 
the presence of pleiotropic bias. However, cML and Con-
Mix assume that the distribution of pleiotropic effects is 
symmetric, which may not hold in all datasets.

MR-RAPS, on the other hand, was selected for its 
robustness against weak instrument bias, which can dis-
tort causal estimates if the IVs are not strongly associ-
ated with the exposure. MR-RAPS is beneficial when the 
F-statistic is close to the threshold for weak instruments, 
as it uses a robust adjusted profile score that reduces the 
influence of weak IVs. Nonetheless, MR-RAPS requires 
careful tuning of parameters, and its effectiveness may 
vary depending on the strength and number of IVs used.

The dIVW approach provides an alternative to the 
standard IVW method by debiasing the variance of IV 
estimates, making it less sensitive to outliers and more 
reliable in the presence of heterogeneity. However, dIVW 
assumes that the majority of IVs are valid, which may 
limit its applicability if pleiotropy is widespread.

However, the study did not fully explore the potential 
benefits and limitations of these novel techniques, nor 
did it discuss the rationale for selecting these specific 
methods over others. cML and ConMix, for example, is 
designed to handle correlated pleiotropy by modeling the 
distribution of pleiotropic effects across genetic variants 
[39, 40]. MR-RAPS, on the other hand, provides a robust 
adjusted profile score that is less sensitive to outliers and 
weak instruments [41]. While these methods offer signifi-
cant advantages, they also have limitations that should be 
acknowledged. For instance, cML and ConMix assumes 
that pleiotropic effects are normally distributed, which 
may not always be the case in real-world data [42, 43]. 
Similarly, MR-RAPS requires careful selection of tuning 
parameters, and its performance can be sensitive to the 
choice of these parameters [44].
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The study would benefit from a more detailed discus-
sion of the strengths and weaknesses of these novel MR 
techniques, as well as a justification for their use in the 
context of this particular analysis. Additionally, the study 
could explore the potential for combining multiple MR 
methods to provide a more comprehensive assessment of 
causal relationships, as different methods may be better 
suited to addressing different sources of bias.

Future MR studies should provide a more detailed 
rationale for the selection of specific MR methods, par-
ticularly when using novel techniques. A comparative 
analysis of the performance of different methods in the 
context of the study’s data could offer valuable insights 
into their relative strengths and weaknesses. Additionally, 
researchers should consider the use of complementary 
MR methods, such as the weighted median [45] or mode-
based estimators [46], to provide a more robust assess-
ment of causal relationships. By thoroughly discussing 
the rationale for method selection and the potential limi-
tations of each approach, researchers can enhance the 
credibility and impact of their findings.

Conclusion
The study by Li et al. represents an important contribu-
tion to the field of genetic epidemiology by exploring the 
genetic susceptibility associations between viral infec-
tions and colorectal cancer risk using two-sample MR [3]. 
While the study provides valuable insights, several areas 
for improvement have been identified. These include the 
need for more rigorous IV selection, better accounting 
for pleiotropy and confounding, a more in-depth explo-
ration of biological plausibility, and improved reporting 
and transparency.

By addressing these issues, future research can build on 
the findings of Li et al. and provide more robust evidence 
on the role of viral infections in colorectal cancer etiol-
ogy. Additionally, the application of novel MR techniques 
and the use of complementary methods can enhance 
the reliability and validity of MR analyses, contributing 
to a deeper understanding of the complex relationships 
between genetics, infections, and cancer risk.
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