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Abstract

Objectives: This study aims to examine the correlation between four distinct Epstein-Barr virus (EBV) antibodies (EA-D, EBNA-1,
VCA-p18, and ZEBRA) and the likelihood of developing prostate cancer (PCa) using the Mendelian Randomization (MR) technique.
The primary objective is to determine whether a causal relationship exists between these EBV antibodies and prostate cancer.

Methods: Genome-wide association study (GWAS) data for EBV antibodies were sourced from the UK Biobank cohort, and
prostate cancer data were obtained from the PRACTICAL consortium, which includes 79148 cases and 61106 controls.
Univariable Mendelian Randomization (MR) analysis was conducted to evaluate the associations, while reverse Mendelian
Randomization was employed to assess causality. Additionally, Multivariable Mendelian Randomization analysis was performed
to identify independent risk factors.

Results: Univariable MR analysis revealed significant associations between EBV EA-D (OR = 1.084, 95% CI = 1.012-1.160,
IVW_P = 0.021) and EBNA-1 (OR = 1.086, 95% CI = 1.025-1.150, IVW_P = 0.005) antibodies and an increased risk of prostate
cancer. Reverse MR analysis did not establish a causal relationship. Multivariable MR analysis identified the EBV EBNA-1
antibody as an independent risk factor for prostate cancer (OR = 1.095, 95% CI = 1.042-1.151, IVW_P = 0.00036).

Conclusion: The study highlights the association between EBV antibody levels, particularly EBNA-1, and prostate cancer risk,
suggesting EBNA-1 as an independent risk factor. Future research is needed to elucidate the biological pathways linking EBV
antibody levels to prostate cancer. These insights could be instrumental in developing targeted prevention strategies and
therapeutic interventions for prostate cancer.
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Introduction

Prostate cancer is a prevalent type of cancer globally and
contributes significantly to cancer-related mortality.1,2 PCa is a
complicated condition that is influenced by a variety of en-
vironmental, physiological, immunological, and genetic fac-
tors.3 Nonmodifiable risk factors for PCa include age, race,
family history, and germline mutations, while possible
modifiable risk factors are metabolic syndrome, obesity, and
smoking.4 Various environmental, lifestyle, infectious, and
dietary factors could contribute to the development of PCa, but
the evidence backing this claim is typically lacking.4 Notably,
among environmental factors, viral infections emerge as
potential triggers for prostate cancer. Multiple studies have
demonstrated a positive association between human papillo-
mavirus (HPV) and overall PCa.5-8 There may be an asso-
ciation between Epstein-Barr virus, herpes simplex 1 and 2,
Neisseria gonorrhea and PCa, but results were conflicting.9

Epstein-Barr virus-associated diseases pose significant
global health concerns. Epstein-Barr Virus (EBV), identified
in 1964 as the initial human cancer-causing virus, is a highly
prevalent virus among humans, with an impact on almost 90%
of the global population.10-12 Belonging to the human herpes
virus family with a double-strand DNA genome, EBV is
primarily transmitted through saliva and has the capacity to
infect both B cells and epithelial cells.13 This virus typically
maintains a lifelong latent asymptomatic infection. Under
certain conditions that are still not well understood, EBV plays
an etiological and pathogenic role in various cancers, en-
compassing both epithelial- and lymphatic-originated
tumors.14-17 Upon infection with EBV, the human immune
system responds by producing antibodies that specifically
target EBV antigens. These antibodies play a crucial role in
diagnosing EBV infection and determining its stage. After the
initial infection, antibodies against viral capsid antigen (VCA)
appear quickly, peak at 3 weeks, and then decrease but remain
present indefinitely. Antibodies against EBV nuclear antigen
(EBNA) are absent in the early stages of infection, but emerge
2-4 months later and remain as indicators of previous expo-
sure. Notably, EBNA-1 is associated with infection, and
EBNA-2 is linked to cell transformation and immortality.16,18

Levels of antibodies against early antigen (EA) increase
during initial infection and in cases of EBV reactivation.16 The
activation of replication by ZEBRA (BamH1 Z encoded ac-
tivator) occurs at the same time as the transition of EBV from
the dormant to active phase.19 Thus, increased amounts of
anti-ZEBRA antibodies could be a sign of recent EBV
reactivation.

Extensive literature has documented the association
between the presence of antibodies against EBV proteins
and the elevated risk of malignancies attributed to EBV.
There is evidence suggesting that high levels of immu-
noglobulin A antibodies before diagnosis are linked to an
increased risk of nasopharyngeal carcinoma. Additionally,
patients with Hodgkin lymphoma tend to have signifi-
cantly higher levels of immunoglobulin G antibodies
compared to disease-free individuals.20-23 EBV related
antibodies have been used as potential screening bio-
markers in high-risk areas of nasopharyngeal carcinoma in
China to improve early diagnosis.24-26 Nevertheless, the
connection between the immune reaction to EBVand other
cancers linked to EBV was not as well-defined, and its
utilization in PCa is infrequent. Conventional research
methods face obstacles from confounding factors and
reverse causality, complicating the establishment of a
direct link between EBV antibodies and prostate cancer.
Given the documented links between EBV and various
malignancies, further investigation into the association
between EBV and prostate cancer is essential. Under-
standing the potential role of EBV reactivation and its
antibodies in prostate cancer development could offer new
insights into its etiology and support the identification of
novel biomarkers for early detection and prevention.

Over the past decade, the application of Mendelian
randomization (MR) has become a prominent strategy within
the domain of epidemiological research. This epidemio-
logical approach capitalizes on the genetic architecture,
particularly focusing on single nucleotide polymorphisms
(SNPs), to elucidate the causal pathways linking risk fac-
tors to disease development.27 Phenotype-related genetic
variants are used as instrumental variables (IV) in MR to
investigate the causal inference of exposure-outcome
associations.27-29 In particular, MR analysis is less suscep-
tible to bias from confounding or reverse causality since the
genotype is not influenced by the disease. Thus, MR analysis
is more resistant to confounding, reverse causality, and
measurement error compared to traditional observational
studies.30 In this study, we have applied two-sample MR and
Multivariable Mendelian Randomization (MVMR) analyses
to rigorously evaluate the causal associations between four
specific EBVantibodies and the risk of prostate cancer. This
approach enables us to mitigate potential biases inherent in
traditional observational studies, such as confounding and
reverse causality, thereby providing more robust insights
into the potential causal pathways linking EBVantibodies to
prostate cancer risk.
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Materials and methods

Study Design

Genetic instrumental variables, in the form of SNPs reflecting
phenotypic differences, were chosen to perform a two-sampleMR
analysis. The genetic instrumental variables used to study phe-
notypes must satisfy 3 key assumptions outlined in Figure 1: 1.
They must have a strong association with the phenotype in
question; 2. They should not be influenced by any potential
confounders that could affect the relationship between exposure
and outcome; 3. There should be no direct connections between
the instrumental variables and the outcome being studied.31 MR
analysis was conducted to evaluate bidirectional causality be-
tween Prostate cancer and Epstein-Barr virus antibody (EA-D,
EBNA-1,VCAp18, ZEBRA). Ethical approval for this studywas
deemed unnecessary as it exclusively utilized publicly accessible
genome-wide association study (GWAS) data from the FinnGen
database and the UK Biobank. Our research was meticulously
conducted in strict accordance with the most recent Strengthening
the Reporting of Observational Studies in Epidemiology utilizing
Mendelian randomization (STROBE-MR) guidelines, which
serve as a comprehensive framework to enhance the transparency
and reliability of observational studies employing MR techniques
to infer causal relationships in epidemiological research.32

Data Source

In the present study, four types of serum EBVantibodies were
evaluated as exposure traits. The GWAS summary data were

sourced from the research conducted by Guillaume Butler-
Laporte et al33 (Supplement Table 1). This investigation
utilized the UK Biobank cohort, which encompasses up to
10 000 serological measurements of infectious diseases along
with genome-wide genotyping. Antibodies were quantified
using fluorescent bead-based multiplex serology on the Lu-
minex 100 platform (Luminex Corporation, Austin, TX,
USA), with median fluorescence intensity (MFI) as the output.
For the GWASs, the researchers selected pathogens with a
seroprevalence >15% to ensure sufficient statistical power. In
this study, the GWAS data for prostate cancer were derived
from the PRACTICAL consortium, encompassing 79148 ca-
ses and 61106 control subjects34 (Supplement Table 1). This
study includes two meta-analyses: (1) an evaluation of early-
onset prostate cancer risk (n = 51244), comprising 6988 cases
diagnosed by age 55 and 44256 non-prostate cancer controls;
and (2) an assessment of advanced prostate cancer risk
(n = 73475), with 15167 cases of advanced disease and
58308 controls. Most studies involved both case and control
groups, but clinical characteristics were not matched. Ad-
vanced cases were characterized by metastatic prostate cancer,
Gleason scores of 8 or higher, prostate-specific antigen (PSA)
levels above 100 ng/mL, or prostate cancer-related deaths. All
GWAS datasets utilized in this research were sourced from the
IEU Open GWAS project (https://gwas.mrcieu.ac.uk/).

SNPs Selection

In this study, instrumental variables were constructed by
SNPs associated with four EBV antibody levels. During our

Figure 1. Two-sample Mendelian randomization analysis flow chart.
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comprehensive genetic analysis, we specifically targeted ge-
netic variants that exhibited a significant association with the
exposure traits, as determined by a genome-wide significance
level with a P-value threshold of less than 5 × 10�8. Fur-
thermore, we imposed stringent conditions on linkage dis-
equilibrium, selecting only those variants with an r2 value of
less than or equal to 0.001, and we ensured that the variants
were separated by a substantial physical distance of at least
10 megabases (Mb). Given that palindromic SNPs can in-
troduce ambiguity, all analyses were performed again after
excluding palindromic SNPs. Studies have shown that there is
a relationship between smoking, BMI and PCa, and affect the
survival prognosis of PCa patients.35-38 Therefore, to avoid
potential confounding factors between EBV antibodies and
prostate cancer due to the secondary characteristics of the
selected SNPS, we retrieve the PhenoScannerV2 Website
(https://www.phenoscanner.medschl.cam.ac.uk/)and remove
with may potentially confounding factors related SNP (P for
trait-associated SNPs< 5 × 10�8; r2 for LD >0.8 in EUR).

We also calculated the F statistic for the instrumental
variable of each exposure trait. An F statistic exceeding 10 was
considered sufficient to rule out weak instrument bias. Each
SNP, the F statistic was calculated using the formula F =
R2*(N-2)/(1-R2) where R2 = β2/(β2+SE2*N). Within the
context of our study, the symbol ‘N’ refers to the total number
of subjects included in the exposure cohort. The parameter ’β’
signifies the estimated genetic effect size attributable to the
SNP in question, which is utilized to evaluate its predictive
power concerning the outcome variable. Additionally, ‘Se’
denotes the standard error associated with the genetic effect
estimate, providing a measure of the precision of the β
parameter.39-41

Statistical Analysis

Adhering to the MR analysis guidelines,42 the inverse
variance weighting (IVW) technique was selected as the
principal analytical approach to estimate the causal effect.
This choice was predicated on the method’s enhanced
statistical efficacy, which is particularly evident when the
instrumental variables adhere to the 3 critical assumptions
necessary for valid causal inference. To mitigate the po-
tential influence of heterogeneity and horizontal pleiot-
ropy,43 3 supplementary MR methods were implemented:
the MR-Egger regression, which is sensitive to the detec-
tion of pleiotropy; the Weighted median approach, designed
to be robust against outliers; and the Weighted mode
method, which offers an additional layer of statistical ro-
bustness. The findings derived from the MR analyses were
articulated through the computation of odds ratios (ORs),
accompanied by their respective 95% confidence intervals
(CIs), thereby furnishing a quantifiable measure of the
association’s precision and statistical reliability. Further-
more, to ascertain the robustness of the MR outcomes, we
conducted a series of sensitivity analyses. These included

the Cochran’s Q statistic to assess heterogeneity, the MR-
Egger regression intercept test for detecting pleiotropy, the
MR Pleiotropy Residual Sum and Outlier (MR-PRESSO)
method for identifying and adjusting for potential outliers,
and the Leave-One-Out sensitivity analysis to evaluate
the directional consistency of the results. The presence of
heterogeneity among the estimated effects of each genetic
variant was assessed using Cochran’s Q test in the analy-
sis.44 A P value greater than 0.05 indicates the absence
of heterogeneity.44,45 Horizontal pleiotropy was evaluated
through MR-Egger intercept analysis.29 When instances
of heterogeneity or pleiotropy were observed within the
MR findings, we employed the MR-PRESSO method to
discern and address potential outliers, thereby ensuring the
integrity and reliability of our MR analysis.43 We con-
ducted Leave-One-Out sensitivity analysis to assess how
individual genetic variants affect the overall causal esti-
mate. The process includes eliminating a single genetic
variation from the examination and reevaluating the causal
estimation to assess the influence of each specific varia-
tion.46 Additionally, we conducted Multivariable Mende-
lian Randomization (MVMR). For MVMR analyses,
instruments were constructed using SNPs from each
GWAS satisfying our previously described single-variable
MR selection criteria. To mitigate the potential for reverse
causation in Mendelian randomization, this study con-
ducted bidirectional MR analyses and employed the Steiger
test.46 The R software (version 4.2.2) was used for all
analyses in this study, employing the “TwoSampleMR”
(version 0.5.6) and “MRPRESSO” (version 1.0) packages.

Results

Causal Effects of Four Epstein-Barr Virus Antibodies on
the Risk of Prostate Cancer

All SNPs exhibited F statistics surpassing 10 (Supplement
Table 2), thus minimizing the potential influence of weak
instrument bias on the study outcomes. Cochran’s Q test P
values were all greater than 0.05, we used fixed-effect IVW
model. Figure 2 illustrates the estimated effects of MR
analysis on the association between four EBVantibody levels
and prostate cancer. The results indicate a positive causal
relationship between high levels of EBV EA-D antibodies and
the occurrence of prostate cancer (OR = 1.084, 95%CI =
1.012-1.160, P = 0.021). Meanwhile, the beta direction of
MR-Egger, Weighted Median and Weighted Mode were
consistent with IVW, and the P values were< 0.05. Similarly,
based on the IVW method, it is indicated that elevated levels
of EBNA-1 antibodies are significantly associated with an
increased risk of prostate cancer (OR = 1.086, 95% CI =
1.025-1.150, P = 0.005). The other 3 methods also demon-
strate similar results: MR-Egger (OR = 1.172,95% CI =
1.046-1.314,P = 0.018),Weighted Median (OR = 1.149, 95%
CI = 1.068-1.236, P < 0.001), Weighted Mode (OR = 1.155,

4 Cancer Control

https://www.PhenoScanner.medschl.cam.ac.uk/)and
https://journals.sagepub.com/doi/suppl/10.1177/10732748251320842
https://journals.sagepub.com/doi/suppl/10.1177/10732748251320842


95% CI = 1.064-1.254, P = 0.004) (Figure 2). However, it was
evident that Epstein-Barr virus VCA p18 antibody levels or
Epstein-Barr virus ZEBRA antibody levels had no causal
relationship with prostate cancer (P value for IVW: 0.803 and
0.847, respectively) (Figure 2).

In the sensitivity analysis, there was no heterogeneity
among the SNPs for the exposure traits according to Cochran’s
Q test results. Intercept value of MR-Egger regression P <
0.05, demonstrated the absence of horizontal pleiotropy. MR-
PRESSO did not find outliers, and the global test also proved
the absence of horizontal pleiotropy (Supplement Table 5).
Leave-one-out sensitivity analysis showed that no single SNP
strongly drove the overall effect of each exposure on prostate
cancer. The leave-one-out plots are shown in Supplement
Figure 1.

Causal Effects of Prostate Cancer on Four Epstein-Barr
Virus Antibodies

To avoid the potential impact of reverse causation, an analysis
was conducted considering prostate cancer as the exposure
factor, specifically examining the reverse causal relationship
with four Epstein-Barr virus antibody levels. With F statistics
exceeding 10 for all SNPs analyzed (Supplement Table 2), the

potential bias from weak instrumental variables on the study’s
findings can be considered negligible.

Based on the IVWapproach, prostate cancer did not show
causal effects on four Epstein-Barr virus antibody levels (P
value: 0.690 to 0.814) (Figure 3). We found no evidence
linking prostate cancer with Epstein-Barr virus EA-D anti-
body levels (OR = 1.008, 95%CI = 0.971-1.046, P = 0.692).
Prostate cancer and Epstein-Barr virus EBNA-1 antibody
levels were also not relevant (OR = 0.992, 95%CI = 0.955-
1.029, P = 0.658) (Figure 3). And we did not find strong
evidence that genetically predicted prostate cancer has a
causal relationship with Epstein-Barr virus VCA
p18 antibody levels (OR = 1.007, 95%CI = 0.972-1.044, P =
0.690). Epstein-Barr virus ZEBRA antibody levels and PCa
were also not relevant (OR = 1.004, 95%CI = 0.969-1.041,
P = 0.814) (Figure 3). The leave-one-out plots are shown in
Supplement Figure 2. The results were consistent with es-
timates made using MR-Egger, Weighted median or
Weighted Mode. Upon examination of the MR-Egger in-
tercept test outcomes, with P values ranging from 0.196 to
0.971, and the Cochran’s Q test results, with P values
spanning from 0.859 to 0.999, our analysis yielded no sta-
tistically significant indications of pleiotropy or heteroge-
neity within the MR study (Supplement Table 5). The MR
Steiger directionality test indicated the plausibility of all

Figure 2. Mendelian randomization analysis of four EBV antibodies and prostate cancer.
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causal directions examined, while the MR-PRESSO test did
not identify any outlying data points.

Multivariable Mendelian Randomization Between
Epstein-Barr Virus Antibody Levels and Prostate
Cancer

We conducted multivariable Mendelian randomization analysis
to ascertain whether the levels of four Epstein-Barr virus anti-
bodies are independent risk factors for prostate cancer. Based on
the IVW approach, Epstein-Barr virus ENBA1 antibody levels
showed a causal effect on PCa (P value for IVW: 0.00036,
Supplement Table 7). The results were consistent with estimates
made using MR-Egger (P value for MR-Egger: 0.00049). The
remaining 3 antibodies and PCa were not relevant (P value for
IVW: 0.320 to 0.959). Based on the results of the MR-Egger
intercept test and Cochran’s Q test, we found no evidence for the
presence of pleiotropy and heterogeneity.

Discussion

Our results demonstrated that genetically predicted Ep-
stein-Barr virus EA-D antibody levels was associated
with an increased risk of Prostate cancer (IVW: OR =

1.084; P value = 0.021). Genetically predicted Epstein-
Barr virus EBNA-1 antibody levels had a strong associ-
ation with prostate cancer (IVW: OR = 1.086; P value =
0.005). Genetically predicted Epstein-Barr virus VCA
p18 antibody levels (IVW: OR = 1.007; P value = 0.803) or
Epstein-Barr virus ZEBRA antibody levels (IVW: OR =
0.992; P value = 0.847) had no causal association with
prostate cancer. Furthermore, reverse Mendelian ran-
domization analysis revealed no causal association be-
tween prostate cancer as an exposure trait and the studied
outcomes. Subsequent multivariable MR analysis identi-
fied a causal relationship between Epstein-Barr virus
ENBA1 antibody and prostate cancer. This suggests that
the Epstein-Barr virus ENBA1 antibody may serve as a
potential biomarker for prostate cancer, providing new
evidence for research into the link between EBV and
prostate cancer.

EBV encodes a variety of antigens, including VCA, EA,
membrane antigen (MA), nuclear antigen (NA), etc. The body
recognizes these EBV virus antigens, leading to the pro-
duction of specific antibodies. Additionally, EBV infection
can induce B cell activation, resulting in an increased pro-
duction of IgM, IgG, and IgA antibodies. B lymphocytes are
implicated as the principal viral reservoir, with asymptomatic
carriers exhibiting remarkably low viral burdens, typically

Figure 3. Reverse Mendelian randomization results for four EBV antibodies and prostate cancer.
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infecting only around 0.01% of B cells.47 In EBV-associated
malignancies, the virus exhibits a robust association, infecting
virtually all neoplastic cells. These cancers predominantly
manifest as B-cell lymphomas and epithelial-derived carci-
nomas. Examples include nasopharyngeal carcinoma,
Hodgkin lymphoma, various subtypes of non-Hodgkin lym-
phoma, gastric cancer (EBV-associated gastric cancer), natural
killer (NK)/T cell lymphoma, and leiomyosarcoma.48,49

We have observed that numerous studies in the existing
literature have investigated antibodies against these four
EBV proteins (EA-D, EBNA1, VCA and ZEBRA) in the
context of EBV-related malignant tumors. In a retrospective
study, all nasopharyngeal carcinoma cases showed typical
reactivation patterns (IgG VCA+, IgG EA+, IgG EBNA+) in
the serum, and IgA-EA-D antibodies were also present in
40% of cases.50 Other studies have demonstrated that the
combined detection of EBNA-1 and EA-D is more effective
than the detection of other antibodies in identifying naso-
pharyngeal carcinoma.51

Multiple antibody evaluations can enhance our under-
standing of the role of the EBV immune response in the
development of various cancers. Literature reports indicate an
increase in ZEBRA antibody titers among EBV patients with
Hodgkin’s disease tumor cells.52 Additionally, it has been
observed that breast cancer patients with high titers of anti-
ZEBRA antibodies experience poorer overall survival.53 Two
case-control studies have yielded consistent results regarding
the association between EBVantibodies and the risk of gastric
cancer. A population-based retrospective case-control study
conducted in Spain revealed that elevated reactivity to EBNA-
1 and VCA-p18 proteins is linked to an increased risk of
gastric cancer.54 Another population-based nested case-
control study carried out in southern China discovered that
higher pre-diagnostic serum levels of EBNA1-IgA and VCA-
IgA were associated with a 2-fold increase in subsequent
gastric cancer risk. Moreover, the combination of EBNA1-IgA
and VCA-IgA indicated an almost 7-fold association between
high serological risk and an elevated subsequent risk of gastric
cancer.55 Since EBV infection is so common, positive EBV
antibodies may not serve as a reliable indicator of PCa risk,
and the measurement of specific EBV antibodies might pro-
vide more informative insights. Nevertheless, the existing
literature lacks sufficient discussion on this aspect. Based on
our conclusion, it can be inferred that EA-D and
EBNA1 antibiotics may function as potential biomarkers for
prostate cancer.

The results of this study warrant further consideration of
etiology: Elevated EA-D and EBNA1 antibodies before dis-
ease may support the direct carcinogenic role of EBV in
prostate cancer, or changes in antibody levels near diagnosis
may reflect a higher prevalence of impaired immunity in
patients with PCa. In addition to etiological insights, the link
between anti-EBV antibodies and PCa risk may eventually
translate into biomarkers that can identify people who are
more likely to develop PCa. It would be fascinating to

investigate the role of antibodies produced by EBV infection
in PCa progression. Altogether, it is still unclear whether EBV
antibody levels play a promoting or bystander role in the
development of prostate cancer. From the perspective of
genetic etiology, elucidating the connection is crucial for
enhancing treatment strategies and facilitating the develop-
ment of diagnostic and prognostic markers.

In summary, our work reveals a positive association be-
tween EBNA-1 antibody levels and Epstein-Barr virus EA-D
antibody levels and risk of prostate cancer. We thus postulate
that EBNA-1 antibody and Epstein-Barr virus EA-D antibody
may be potential markers for early detection or screening of
prostate cancer. Specific EBV antibodies may advance our
understanding of the role of humoral immune responses in the
development of prostate cancer. Future work could examine a
broader range of viral epitopes, antibody functional types, and
immunoglobulin classes and subclasses. It is also possible to
assess whether changes in specific EBV antibody types over
time predict prostate cancer risk and whether it interacts with
other possible cancer markers, such as prostate-specific an-
tigens, as well as potential biological mechanisms by which
EBV is carcinogenic in prostate cancer and other
malignancies.

There are several strengths of our study. Firstly, one key
strength of our work is the use of large-scale GWAS data and a
two-sample MR approach to assess the bidirectional causal
association between four Epstein-Barr virus antibody levels
and prostate cancer. This method is less susceptible to the
influence of confounding factors. Furthermore, we conducted
rigorous identification of Epstein-Barr virus antibody types to
mitigate bias arising from the co-existence of four types.
Additionally, we performed a series of sensitivity analyses to
evaluate the robustness of our findings.

However, our study also has several limitations. Our study
was constrained by the absence of data pertaining to the EBV
status within the tumor samples, a critical parameter for as-
certaining the specificity of the observed association between
anti-EBV antibodies and EBV-positive prostate cancer.
Moreover, we acknowledge the limitation of uncontrolled
potential residual confounders, such as smoking, androgen
levels, obesity, dietary factors, and family history of prostate
cancer. Despite our diligent efforts to mitigate the influence of
confounding factors by incorporating adjustments for rec-
ognized variables, the potential for residual confounding re-
mains a consideration that cannot be fully discounted.
Therefore, a prudent approach is warranted in the interpre-
tation of our findings, and subsequent research endeavors may
derive significant value from enhanced endeavors to quantify
and account for these latent confounding elements.

Conclusions

Our investigation, utilizing bidirectional Mendelian Ran-
domization, delved into the potential links between specific
EBV antibodies and prostate cancer risk. While our analysis
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highlighted associations between EBV EA-D and EBNA-1
antibodies with an increased risk of prostate cancer. Addi-
tionally, our study identified EBV EBNA-1 antibody as an
independent risk marker for prostate cancer in the multivar-
iable analysis. These findings underscore the complexity of
interpreting associations in epidemiological studies and
highlight the need for cautious interpretation when inferring
causality. The study contributes to the broader understanding
of the potential role of viral infections in cancer etiology,
particularly prostate cancer, and underscores the importance of
comprehensive analyses to unravel the intricate nature of such
associations.

Appendix

Abbreviations

EBV Epstein-Barr Virus
NPC Nasopharyngeal Carcinoma
EBNA-1 Epstein-Barr Nuclear Antigen 1
VCA Viral Capsid Antigen
SNP Single-Nucleotide Polymorphisms
MR Mendelian Randomization
IV Instrumental Variable
PCa Prostate Cancer
HPV Human Papillomavirus
GWAS Genome-Wide Association Study
MVMR Multivariable Mendelian Randomization
OR Odds ratio
CI Confidence Interval
STROBE-MR Strengthening the Reporting of

Observational Studies in Epidemiology
Using Mendelian Randomization
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