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Abstract 

Introduction  Several observational or retrospective studies have previously been conducted to explore the possible 
association between lung cancer and human papillomavirus (HPV) infection. However, there may be inconsistencies 
in the data and conclusions due to differences in study design and HPV testing methods. There are currently no stud-
ies that provide conclusive evidence to support the involvement of HPV in the occurrence and development of lung 
cancer. Therefore, the relationship between HPV and lung cancer remains controversial and uncertain. This study 
aimed to explore whether HPV infection is causally related to lung cancer risk by systematically performing a two-way 
Two-Sample Mendelian Randomization (TSMR) analysis.

Methods  In the International Lung Cancer Consortium (ILCCO) genome-wide association study dataset, we included 
11,348 lung cancer (LUCA) cases, including 3275 squamous cell carcinoma (LUSC) cases, 3442 adenocarcinoma 
(LUAD) cases, and 15,861 cases of control. Using genetic variants associated with the HPV E7 protein as instrumen-
tal variables, we summarized statistics associated with HPV infection in the MRC IEU OpenGWAS database, which 
included the HPV-16 E7 protein and the HPV-18 E7 protein. Two-sample Mendelian randomization (MR) results are 
expressed as odds ratios (OR) and 95% confidence intervals (CI).

Results  Based on a comprehensive analysis of genome-wide association study (GWAS) data from public databases, 
we mainly used inverse-variance weighted (IVW) to estimate causal relationships, while using MR-Egger, weighted 
median, simple mode, and weighted mode, and other four methods as supplements. Two-sample MR Analysis 
revealed no causal relationship between exposure factors (HPV-16 E7 protein and HPV-18 E7 protein) and outcome 
factors (lung cancer (LUCA) and its subtypes squamous cell carcinoma (LUSC) and adenocarcinoma (LUAD)) in forward 
MR Analysis using the IVW approach.HPV-16 E7 protein and LUCA and its subtypes LUSC and LUAD by IVW method 
results: [OR] = 1.002; 95% [CI]: 0.961 − 1.045; p = 0.920; [OR] = 1.023; 95% [CI]: 0.966 − 1.084; p = 0.438; [OR] = 0.994; 95% 
[CI]: 0.927 − 1.066; p = 0.872); HPV-18 E7 protein and LUCA and its subtypes LUSC and LUAD by IVW method results: 
[OR] = 0.965; 95% [CI]: 0.914 − 1.019; p = 0.197; [OR] = 0.933; 95% [CI]: 0.834 − 1.043; p = 0.222; [OR] = 1.028; 95% [CI]: 
0.945 − 1.118; p = 0.524. It was observed through reverse MR that LUCA and its subtypes LUSC and LUAD were used 
as exposure factors, and HPV infection (HPV-16 E7 protein and HPV-18 E7 protein) was used as the outcome factors, 
the results of the IVW method are also invalid.LUCA and HPV-16 E7 protein and HPV-18 E7 protein by IVW method 
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results: [OR] = 1.036; 95% [CI]: 0.761 − 1.411; p = 0.82; [OR] = 1.318; 95% [CI]: 0.949 − 1.830; p = 0.099; LUSC and HPV-16 E7 
protein and HPV-18 E7 protein by IVW method results: [OR] = 1.123; 95% [CI]0.847 − 1.489; p = 0.421; [OR] = 0.931; 95% 
[CI]: 0.660 − 1.313; p = 0.682; LUAD and HPV-16 E7 protein and HPV-18 E7 protein by IVW method results: [OR] = 1.182; 
95% [CI] 0.983 − 1.421; p = 0.075; [OR] = 1.017; 95% [CI]: 0.817 − 1.267; p = 0.877.Our results indicate that there 
is no causal relationship between genetically predicted HPV infection and LUCA and its subtypes LUSC and LUAD. In 
addition, in the reverse MR analysis, we did not observe a significant causal relationship between LUCA and its sub-
types LUSC and LUAD on HPV infection.

Conclusions  Our findings do not support a genetic association between HPV infection and lung cancer.

Keywords  Mendelian randomization, HPV infection, Human papillomavirus, Lung cancer, Lung adenocarcinoma, 
Lung squamous cell carcinoma, Causal relationship

Introduction
According to the latest global cancer statistics analy-
sis from the International Agency for Research on Can-
cer (IARC) in 2022, compared to the data from 2020, the 
number of new lung cancer cases has increased from 2.2 
million to nearly 2.5 million, raising its proportion of total 
cancer cases from 11.4% to 12.4%; although the number 
of deaths caused by lung cancer remained unchanged in 
absolute terms (about 1.8 million), its share of total cancer 
deaths worldwide increased slightly from 18.0% to 18.7%. 
These data suggest that lung cancer is further increasing 
in importance in the global cancer burden, not only top-
ping the list in terms of incidence but also remaining the 
leading cause of cancer death [1, 2]. Smoking as a risk fac-
tor for causing lung cancer is widely acknowledged in the 
medical field. The association between the two is consid-
ered one of the strongest and longest-known risk associa-
tions among modifiable lifestyle factors and specific types 
of cancer [3–5]. In many countries, men’s smoking prev-
alence and cumulative smoking exposure are generally 
higher than women’s, and men’s smoking cessation rate is 
lower, which is also an important reason why men have 
a higher incidence of lung cancer than women [5]. How-
ever, the incidence of lung cancer in non-smokers still 
exists and may be increasing in certain regions and popu-
lations [6–8]. The research by REVEL M and colleagues 
indicates that in most European countries, it is anticipated 
that the mortality rate from lung cancer in females will 
surpass that of breast cancer [9]. Therefore, given these 
facts, there is a growing focus on cancer risk factors other 
than smoking, such as viral infections, chronic inflamma-
tion, genetic variants, and environmental exposures.

The HPV belongs to the Papillomaviridae family and is 
a DNA virus that infects the epithelial cells of the skin or 
mucous membranes [10]. Multiple studies indicate that 
HPV is one of the most prevalent sexually transmitted 
infections globally [11–14] 0.4.5% of global cancer cases 
(630,000 new cancer cases annually) are attributed to 
HPV infection, with 8.6% in females and 0.8% in males 
[15, 16]. Nearly all cases of cervical cancer are caused by 

HPV infection [17]. HPV is also a significant driving fac-
tor for head and neck cancers, and anogenital cancers, 
and its role in the etiology of oropharyngeal cancer is 
increasingly prominent [18]. For example, in the United 
States, oropharyngeal cancer has become the most com-
mon malignancy associated with HPV [19] Currently, 
there are 12 HPV genotypes classified as carcinogenic, 
including types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
and 59. Among these, HPV16 and HPV18 are the most 
common carcinogenic types. These types are closely 
associated with cervical cancer, related lesions, and pre-
cancerous dysplasia, playing a crucial role in the forma-
tion of malignant cervical tumors [17, 20]. Among them, 
the clearance rate of HPV type 16 is the lowest among 
all HPV types [21]. The early region (E) oncoproteins of 
HPV, including E1, E2, E4, E5, E6, and E7, are associated 
with pathogenic mechanisms and play important roles in 
cancer progression. Among the six E proteins, E6 and E7 
are the main regulators of viral pathogenicity, and they 
are also significantly involved in the development of cer-
vical cancer [22]. Almost all sexually active individuals 
may become infected with HPV at some point in their 
lives. Most people do not exhibit symptoms, and infec-
tions are generally undetectable within the first 2 years 
after exposure [14]. Approximately 10% of HPV infec-
tions may persist for an extended period, potentially 
leading to the development of precancerous lesions, with 
only a small proportion of these lesions progressing to 
HPV-related tumor diseases [12].

Many previous research reports indicate that HPV 
infection may be a potential risk factor for the occurrence 
and development of lung cancer, showing a positive cor-
relation with the risk of lung cancer [23–28]. Some stud-
ies suggest that the risk of lung cancer is most closely 
associated with pulmonary infections caused by HPV 
types 16 and 18. Moreover, the prevalence of HPV infec-
tion is higher in squamous cell carcinoma compared to 
adenocarcinoma [25, 28]. An association between HPV 
and lung cancer was found in a study by Rezaei et  al. 
[29]. Specifically, they found a significant increase in the 
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expression of inflammatory cytokines in HPV-positive 
lung cancer samples and control tissues compared to 
HPV-negative lung cancer and HPV-negative control tis-
sues. Therefore, the authors suggest that HPV infection 
may trigger inflammation and epithelial-mesenchymal 
transition (EMT), which may contribute to the develop-
ment of lung cancer. In a meta-analysis, Drokow et  al. 
noted that patients with HPV type 16 had a higher risk 
of developing non-small cell lung cancer (NSCLC) com-
pared with those with HPV type 18 infection (OR = 1.95, 
95% CI: 1.00–3.79) [28].

Contradicting the aforementioned findings, the study 
by Jing-Yang Huang et al. suggests that HPV infection is 
associated with the occurrence of lung adenocarcinoma 
but not with lung squamous cell carcinoma [30]. Simulta-
neously, there are other studies suggesting that there is no 
correlation between HPV infection and an increased risk 
of lung cancer [31–33]. The conflicting results of different 
studies on the association between HPV infection and 
lung cancer may stem from variations in research meth-
ods, detection methods, geographical and population 
differences, tumor types, control of confounding factors, 
and data analysis methods. At the same time, previous 
research has triggered the question we have to discuss in 
this article: Is there a causal relationship between HPV 
infection and lung cancer? If it exists, which factor causes 
another?

Mendelian Randomization (MR) is a method for 
assessing the causal impact between modifiable risk fac-
tors and diseases, using genetic variations as instrumen-
tal variables for exposure. Therefore, this approach is 
more adept at avoiding common pitfalls in traditional 
clinical research, such as measurement errors, confound-
ing, and reverse causation [34]. Sample Mendelian Ran-
domization (MR) analysis, by utilizing single nucleotide 
polymorphisms (SNPs) from Genome-Wide Associa-
tion Study (GWAS) data, offers a more rigorous method 
for causal inference to assess the potential relationship 
between modifiable risk factors and diseases [35]. There-
fore, we conducted a two-sample bidirectional Mendelian 
Randomization analysis to enhance our understanding of 
the causal relationship between HPV infection and lung 
cancer while improving the credibility of this study.

Materials and methods
Study design
We followed the latest STROBE-MR (Strengthening the 
Reporting of Observational Studies in Epidemiology for 
Mendelian Randomization) guidelines, conducting the 
study using a bidirectional Two-Sample Mendelian Ran-
domization (TSMR) approach to explore the recipro-
cal associations between HPV infection and lung cancer 
[36]. In the forward MR analysis, HPV infection was 

considered as the exposure. Lung cancer, including its 
subtypes squamous cell carcinoma and adenocarcinoma, 
was analyzed as the outcomes. The reverse MR analysis, 
on the other hand, treated lung cancer and its subtypes, 
squamous cell carcinoma and adenocarcinoma, as expo-
sures and HPV infection as the outcome.In our Mende-
lian randomization (MR) analysis, genetic variants were 
utilized as instrumental variables (IVs) to estimate causal 
effects.Each genetic variant was treated as an instrumen-
tal variable, and it had to satisfy the following three core 
assumptions: ① The chosen IV is strongly associated 
with the exposure; ② The IV is unrelated to confounding 
factors associated with both the exposure and the out-
come; ③ The IV influences the outcome solely through 
the exposure (Fig.  1). We conducted the analysis using 
publicly available aggregated statistical data, hence ethi-
cal approval was not required.

Data sources
The data sources utilized in the study were sourced 
from the MRC IEU OpenGWAS developed by the MRC 
Integrative Epidemiology Unit at the University of Bris-
tol (https://​gwas.​mrcieu.​ac.​uk/, Version: v6.5.2–2022-
04–11) [36]. The HPV data included in this study have 
the following GWAS IDs: prot-c-2623_54_4 (HPV E7 
Type 16) and prot-c-2624_31_2 (HPV E7 Type 18). The 
summary data for the genome-wide association study 
(GWAS) on lung cancer were retrieved through the IEU-
OpenGWAS online platform. These GWAS data sources 
originate from the International Lung Cancer Consor-
tium (ILCCO) and encompass 11,348 cases of lung can-
cer (LUCA) and 15,861 control subjects. Within the 
LUCA cases, there is further stratification based on his-
tological subtypes, including 3,275 cases of squamous cell 
carcinoma (LUSC) and 3,442 cases of adenocarcinoma 
(LUAD). The GWAS IDs for LUCA and its subtypes 
LUSC and LUAD are "ieu-a-966," "ieu-a-967," and "ieu-a-
965," respectively [37]. These samples are all restricted to 
individuals of European ancestry, to some extent mitigat-
ing biases introduced by confounding factors related to 
race. Detailed information on the data resources is listed 
in Table 1.

Selection of instrumental variables
In order to identify suitable genetic instrumental vari-
ables (IVs), we implemented a series of quality control 
steps to ensure the robustness and confidence of Men-
delian randomization (MR) analyses. Initially, we used 
a filtration criterion of P < 5 × 10^(-8) to extract inde-
pendent SNPs associated with HPV E7 protein and lung 
cancer causality. However, because there were few or no 
SNPS that met this criterion, we adjusted the significance 
threshold to a more lenient criterion of P < 5 × 10^(-5). 

https://gwas.mrcieu.ac.uk/
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The reasons for this change are as follows: First, to 
improve the feasibility of the analysis. A strict P < 5 × 10^ 
(-8) threshold can make it difficult to find enough SNPs 
for MR Analysis, whereas adopting a P < 5 × 10^(-5) 
threshold can increase the number of SNPS available to 
make analysis possible. Second, preserve the significance 
of instrumental variables. Although the P < 5 × 10^(-5) 
threshold is more lenient than P < 5 × 10^ (-8), it still has 
strong statistical significance, ensuring that the selected 
SNPs is significantly associated with the exposure vari-
able. Third, improve the statistical power of the analysis. 
The looser significance threshold allows for the inclusion 
of more SNPs, increasing statistical power and allowing 

us to better detect potential causation. However, the use 
of looser significance thresholds may increase the risk 
of false positives, weaken the strength of instrumen-
tal variables, and increase the complexity of interpre-
tation of results. To mitigate these risks, we excluded 
SNPs in strongly linked disequilibrium (LD) (r2 < 0.001, 
window size = 10,000 kb), using LD estimates from the 
1000 Genome Project European population [38]. In addi-
tion, we calculated an F statistic to assess the degree of 
association between IVs and exposure risk and tool 
strength, with an F statistic greater than 10 considered 
strong enough. The formula for calculating the F statis-
tic is F = R^2 × (n-2)/(1-R ^2), where R^2 represents the 

Fig. 1  Schematic representation of the bidirectional bidirectional Mendelian randomization (MR) study design. In the figure, blue indicates forward 
MR analysis with HPV as the exposure and lung cancer as the outcome, while red represents reverse MR analysis with lung cancer as the exposure 
and HPV as the outcome. Dashed lines indicate unrelated relationships, while solid lines denote associations between variables and confounding 
factors or outcomes that cannot be overcome

Table 1  Brief description of data sources involved in mendelian randomization studies

GWAS ID Exposure and 
outcome

Year Consortium Sample size Ncases Ncontrols Nsnp Ancestry Access link

prot-c-2623_54_4 HPV E7 Type 16 2019 NA - - - 501428 European https://​gwas.​mrcieu.​
ac.​uk/​datas​ets/​prot-c-​
2623_​54_4/

prot-c-2624_31_2 HPV E7 Type18 2019 NA - - - 501428 European https://​gwas.​mrcieu.​
ac.​uk/​datas​ets/​prot-c-​
2624_​31_2/

ieu-a-966 LUCA​ 2014 ILCCO 27,209 11,348 15,861 8,945,893 European https://​gwas.​mrcieu.​ac.​
uk/​datas​ets/​ieu-a-​966/

ieu-a-967 LUSC 2014 ILCCO 18,313 3,275 15,038 8,893,750 European https://​gwas.​mrcieu.​ac.​
uk/​datas​ets/​ieu-a-​967/

ieu-a-965 LUAD 2014 ILCCO 18,336 3,442 14,894 8,881,354 European https://​gwas.​mrcieu.​ac.​
uk/​datas​ets/​ieu-a-​965/

https://gwas.mrcieu.ac.uk/datasets/prot-c-2623_54_4/
https://gwas.mrcieu.ac.uk/datasets/prot-c-2623_54_4/
https://gwas.mrcieu.ac.uk/datasets/prot-c-2623_54_4/
https://gwas.mrcieu.ac.uk/datasets/prot-c-2624_31_2/
https://gwas.mrcieu.ac.uk/datasets/prot-c-2624_31_2/
https://gwas.mrcieu.ac.uk/datasets/prot-c-2624_31_2/
https://gwas.mrcieu.ac.uk/datasets/ieu-a-966/
https://gwas.mrcieu.ac.uk/datasets/ieu-a-966/
https://gwas.mrcieu.ac.uk/datasets/ieu-a-967/
https://gwas.mrcieu.ac.uk/datasets/ieu-a-967/
https://gwas.mrcieu.ac.uk/datasets/ieu-a-965/
https://gwas.mrcieu.ac.uk/datasets/ieu-a-965/
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variation in the exposure variable for each IV interpre-
tation and N represents the sample size of the exposed 
GWAS. We also use PhenoScanner to search for SNPs 
that may be pleiotropic to assess the association of these 
SNPs with multiple phenotypes to determine whether 
they might influence the study results. Finally, we ensure 
consistency of allelic effects in the exposure and out-
come datasets by excluding fuzzy SNPs with inconsistent 
alleles and palindromic SNPs with intermediate allelic 
frequencies.

Mendelian randomization analysis
This study conducted data analysis using R software (ver-
sion 4.3.2, www.r-​proje​ct.​org/) and employed the TwoSa-
mpleMR package (version 0.5.7). The primary analytical 
approach utilized was the Inverse Variance Weighted 
(IVW, random effects) method [39]. Additionally, various 
complementary MR detection methods, including MR-
Egger, Weighted Median, Simple Mode, and Weighted 
Mode, were employed to precisely test causal effects 
and correct for pleiotropy effects [40, 41]. Inverse Vari-
ance Weighted (IVW) is an effective analytical method 
that assumes all genetic variations are valid instrumen-
tal variables and possesses robust capabilities in detect-
ing causal relationships. It achieves this by calculating 
the weighted average of the estimates of the Wald ratio 
[42]. The MR-Egger regression is capable of detecting and 
correcting for pleiotropy but is susceptible to the influ-
ence of outlying genetic variants, potentially reducing 
statistical power [43]. The Weighted Median method can 
mitigate the impact of invalid instruments and still pro-
vide consistent estimates of causal effects when analyz-
ing information from 50% of genetic variations of invalid 
instruments [44]. While the Simple Mode may not be as 
powerful as IVW, it demonstrates stability in the pres-
ence of pleiotropy [45]. Lastly, for mode assessment, 
Weighted Mode is highly sensitive to the inclusion of 
hard-thresholded instruments [46].

We conducted various sensitivity analyses to validate 
the robustness of the MR results, including Cochran’s Q 
test, MR-Egger intercept test, MR-PRESSO, and leave-
one-out analysis. Cochran’s Q is a heterogeneity test, that 
mainly uses the IVW analysis method and MR-Egger 
regression. The test result P > 0.05 indicates that there 
is no heterogeneity among IVs [47]. The intercept value 
in MR-Egger is used to evaluate pleiotropy, and P > 0.05 
indicates the absence of horizontal pleiotropy [48]. In the 
presence of heterogeneity or pleiotropy in MR results, we 
employed MR-PRESSO to detect potential pleiotropic 
distortion outliers and mitigated horizontal pleiotropy 
by excluding significant outliers [49].To identify potential 
heterogeneous SNPs, we performed a leave-one-out anal-
ysis by systematically excluding each SNP to assess the 

robustness and consistency of the results. Additionally, 
we generated forest plots, scatter plots, funnel plots, and 
leave-one-out analysis plots to visually present the results 
in a highly illustrative manner. Specifically, the forest plot 
vividly illustrates the impact of each SNP on the results; 
the leave-one-out analysis plot assesses the visual reliabil-
ity of the results; scatter plots display the fitting results 
of different MR analyses; and the funnel plot provides an 
intuitive assessment of the heterogeneity of instrumental 
variables.

Results
Instrumental variable (IV) selection
By filtering SNPs associated with the exposure, remov-
ing those in linkage disequilibrium (LD), and excluding 
weak instrumental variables with F < 10, we obtained 
23 SNPs associated with HPV 16 E7 protein (F-statis-
tic > 10) and 13 SNPs associated with HPV 18 E7 pro-
tein (F-statistic > 10). Simultaneously, we identified 105 
SNPs associated with lung cancer (F-statistic > 10), 86 
SNPs associated with squamous cell carcinoma (F-sta-
tistic > 10), and 88 SNPs associated with adenocarcinoma 
(F-statistic > 10). Numerous studies have confirmed that 
smoking is one of the primary risk factors for lung cancer. 
Simultaneously, there exists a complex interplay between 
smoking and HPV infection, with smoking being consid-
ered a potential risk factor for HPV infection. Therefore, 
we excluded SNPs associated with smoking to ensure 
the accuracy of the study. In the forward analysis, no 
pleiotropic instrumental variables related to HPV were 
identified. In the reverse analysis, for the 105 SNPs asso-
ciated with lung cancer (F-statistic > 10), four pleiotropic 
instrumental variables related to smoking were removed. 
Similarly, for the 86 SNPs associated with squamous cell 
carcinoma (F-statistic > 10), three pleiotropic instrumen-
tal variables related to smoking were removed. Addition-
ally, for the 88 SNPs associated with adenocarcinoma 
(F-statistic > 10), three pleiotropic instrumental variables 
related to smoking were removed. In the forward analysis 
with HPV as the exposure, we identified 23 SNPs associ-
ated with HPV-16 E7 protein and lung cancer, including 
its subtypes (squamous cell carcinoma and adenocarci-
noma). One palindromic SNP (rs2864426) was excluded. 
For HPV-18 E7 protein, there were 12 SNPs associated 
with lung cancer and its subtypes (squamous cell carci-
noma and adenocarcinoma), with no palindromic SNPs.
In the reverse analysis with lung cancer and its subtypes 
(squamous cell carcinoma and adenocarcinoma) as the 
exposure, no palindromic SNPs were found. There were 
a total of 11 SNPs for lung cancer and HPV (HPV-16 
E7 protein、HPV-18 E7 protein) combined, 6 SNPs for 
squamous cell carcinoma and HPV, and 14 SNPs for ade-
nocarcinoma and HPV. (Supplementary File S1).

http://www.r-project.org/
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Fig. 2  Causal estimates of the relationship between HPV (HPV-16 E7 protein, HPV-18 E7 protein) and lung cancer (LUCA), including its subtypes 
squamous cell carcinoma (LUSC) and adenocarcinoma (LUAD), represented by odds ratios (OR) and 95% confidence intervals (CI). MR: Mendelian 
randomization; IVW: Inverse variance weighting; LUCA: Lung cancer; LUSC: Squamous cell carcinoma; LUAD: Adenocarcinoma
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The causal impact of HPV on lung cancer
In forward Mendelian randomization (MR) analysis, 
with the exposure being HPV E7 proteins (HPV-16 E7 
protein、HPV-18 E7 protein), and the outcomes being 
lung cancer (LUCA) and its subtypes, squamous cell car-
cinoma (LUSC) and adenocarcinoma (LUAD), the results 
indicate that genetic variations associated with HPV 
infection are not causally linked to the risk of lung can-
cer. The IVW method indicates no significant evidence 
of a causal relationship between HPV infection and lung 
cancer. Estimates from MR-Egger, weighted median, sim-
ple mode, and weighted mode all confirm this null result 
(Fig.  2). Scatter plots depicting the effect sizes of SNPs 
for HPV-16 E7 protein and HPV-18 E7 protein about 
lung cancer (LUCA) and its subtypes, squamous cell car-
cinoma (LUSC) and adenocarcinoma (LUAD), are illus-
trated in Fig. 3.

In the forward analysis, heterogeneity in individual 
SNP estimates was detected only in the MR analysis 
of HPV-18 E7 protein and squamous cell carcinoma 
using Cochran’s Q statistic and the MR-IVW method 
(Q = 20.525, P = 0.039). MR-Egger regression did not 
reveal horizontal pleiotropy, and the MR-Egger intercept 

did not show significant evidence of directional plei-
otropy (P > 0.05). However, the MR-PRESSO test indi-
cated significant horizontal pleiotropy in the MR 
analysis of HPV-18 E7 protein and squamous cell car-
cinoma (p < 0.012) and identified rs4702371 as an out-
lier (Table 2). The funnel plot illustrates positions where 
directional pleiotropy might be present in each outcome, 
but assessing funnel plot symmetry is challenging due 
to the limited number of genetic instruments (Fig.  4). 
Leave-one-out analysis results indicate that SNPs with 
potential influence may impact the analysis, caution-
ing against drawing definitive conclusions (Fig.  5). The 
forest plot displays effect estimates and 95% confidence 
intervals using the TSMR method (Fig. 6). After remov-
ing outliers, a re-analysis of Mendelian randomization 
indicates that there is still no genetic causal relationship 
between HPV-18 E7 protein and squamous cell carci-
noma (IVW, [OR] = 0.987, [CI] = 0.904 − 1.077, p = 0.76, 
see Supplementary File S2.Supplementary Figure S1). 
Further sensitivity analysis indicates no heterogeneity 
between SNPs and no evidence of horizontal pleiotropy. 
The MR-PRESSO test also did not identify any outliers 
(Table 2).

Fig. 3  Scatter plots assessing the causal relationship between HPV (HPV-16 E7 protein, HPV-18 E7 protein) and lung cancer, as well as its subtypes. 
Specifically, (A) causal estimates of HPV-16 E7 protein on lung cancer, (B) causal estimates of HPV-16 E7 protein on squamous cell carcinoma, (C) 
causal estimates of HPV-16 E7 protein on adenocarcinoma, (D) causal estimates of HPV-18 E7 protein on lung cancer, (E) causal estimates of HPV-18 
E7 protein on squamous cell carcinoma, and (F) causal estimates of HPV-18 E7 protein on adenocarcinoma. The slope of each line corresponds 
to the causal estimate of each method. Individual SNP effects on both the outcome and exposure are depicted by vertical and horizontal lines, 
respectively. LUCA: Lung cancer; LUSC: Squamous cell carcinoma; LUAD: Adenocarcinoma
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The causal impact of lung cancer on HPV
In the reverse study, there is no evidence indicating a 
causal relationship between lung cancer (LUCA) and 
its subtypes (squamous cell carcinoma (LUSC), ade-
nocarcinoma (LUAD)) with HPV ( HPV-16 E7 pro-
tein、 HPV-18 E7 protein) (Supplementary File S2, 
Supplementary Figure S2, S3). The Cochran’s Q test 
report does not indicate the presence of heterogene-
ity (P > 0.05). MR-Egger regression results show that 
genetic pleiotropy does not impact the outcomes 
(P > 0.05). The distortion test in MR-PRESSO analy-
sis did not detect any outliers, further affirming the 
absence of evidence supporting the existence of hori-
zontal pleiotropy (P > 0.05) (Table  2). The funnel plots 
and leave-one-out analysis indicate minimal individual 
SNP bias in the results, suggesting the robustness of 
the MR analysis (Supplementary Figure S4, S5). For-
est plots illustrating the causal effects of individual 
SNPs between lung cancer (LUCA) and its subtypes 
(squamous cell carcinoma (LUSC), adenocarcinoma 
(LUAD)) with HPV ( HPV-16 E7 protein、HPV-18 E7 
protein) are presented in Supplementary File S2 and 
Supplementary Figure S6.

The lack of a causal relationship between HPV infec-
tion and lung cancer may be explained by several biologi-
cal mechanisms: firstly, the viral load of HPV infection 

in the lungs might be insufficient to cause cellular trans-
formation and carcinogenesis. Studies have shown that 
the persistence of viral infection and a high viral load are 
critical for its carcinogenic potential. Secondly, the host’s 
immune response might play a protective role in HPV 
infection in the lungs, effectively controlling the spread 
and replication of the virus, thereby preventing the pro-
gression of infection and the development of cancer. 
Thirdly, the development of lung cancer involves multi-
ple cellular signaling pathways and genomic alterations, 
such as EGFR mutations, KRAS mutations, and TP53 
mutations. A single HPV infection may be insufficient 
to play a dominant role in these complex mechanisms. 
Lastly, differences in research methodologies, including 
sample selection and biomarker detection techniques, 
may lead to inconsistencies in study results. For instance, 
some studies might have used more sensitive detection 
techniques or stricter sample selection criteria, affect-
ing the detection of HPV DNA. Additionally, variations 
in the geographical, racial, and clinical characteristics of 
the samples could also have a significant impact on the 
results. Further exploration of these potential biological 
mechanisms can provide a better understanding of the 
complex relationship between HPV infection and lung 
cancer and offer new directions and insights for future 
research.

Table 2  Sensitivity analysis of MR analysis results for exposure and outcome

LUCA​ Lung cancer, LUSC Squamous cell carcinoma, LUAD Adenocarcinoma, IVW Inverse Variance Weighting

LUSCa MR analysis of HPV-18 E7 protein and squamous cell carcinoma after excluding outlier SNP (rs44702371)

Sensitivity analysis of MR

MR egger 
pleiotropy test

Heterogeneity test MR PRESSO

Exposure Exposure Method Global test p Outliers

MR Egger IVW

Intercept P value Q P value Q P value

Forward MR analysis HPV E7 Type 16 LUCA​ 0.005 0.784 25.290 0.191 25.387 0.231 None

LUSC 0.013 0.607 19.806 0.470 20.079 0.516 None

LUAD -0.002 0.942 30.490 0.062 30.498 0.082 None

HPV E7 Type 18 LUCA​ -0.023 0.364 10.006 0.440 10.911 0.451 None

LUSC -0.078 0.127 16.064 0.098 20.525 0.039 <0.012 rs4702371

LUSCa -0.058 0.158 5.110 0.825 7.482 0.679 None

LUAD -0.020 0.632 10.905 0.365 11.172 0.429 None

Reverse MR analysis LUCA​ HPV E7 Type 16 0.003 0.953 11.901 0.219 11.906 0.291 None

HPV E7 Type 18 -0.079 0.143 10.527 0.310 13.537 0.195 None

LUSC HPV E7 Type 16 -0.019 0.862 3.089 0.543 3.123 0.681 None

HPV E7 Type 18 -0.184 0.166 4.354 0.360 7.474 0.188 None

LUAD HPV E7 Type 16 0.036 0.408 12.653 0.317 13.505 0.333 None

HPV E7 Type 18 0.059 0.255 16.991 0.108 19.216 0.083 None
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Discussion
This study is the first to comprehensively investigate the 
bidirectional causal relationship between HPV infection 
and lung cancer using multiple complementary Men-
delian Randomization (MR) methods. Our MR Analy-
sis using large-scale GWAS data consistently showed 
no evidence supporting a causal relationship between 
HPV infection and increased lung cancer risk. Similarly, 
reverse MR Analysis did not find a causal relationship 
between genetic susceptibility to lung cancer and HPV 
infection.

The results of this study contradict some previous 
reports on the association between HPV infection and 
lung cancer. A study by NIE Z et al. suggests that HPV16 
infection may influence the development of lung cancer, 
particularly by regulating the SNHG1 gene and promot-
ing angiogenesis, which is crucial for tumor growth and 
spread [50]. A study involving 152 cases of primary lung 
cancer patients as the lung cancer group and 87 indi-
viduals with benign lung lesions as the control group 
revealed that the incidence of HPV infection in pri-
mary lung cancer patients was higher than in those with 
benign lung lesions. Furthermore, the study found a close 
association between HPV infection and patients’ TNM 

staging, differentiation degree, and lymph node metasta-
sis. From these findings, it is inferred that HPV infection 
not only increases the risk of primary lung cancer but is 
also closely related to its clinical and pathological char-
acteristics [21]. Researchers, including HARABAJSA.S, 
concluded from the analysis of 67 lung adenocarcinoma 
samples that non-small cell lung cancer patients with 
EGFR mutations are more likely to be infected with HPV. 
Additionally, high-risk HPV infection is more prevalent 
in lung adenocarcinomas with EGFR mutations [51]. An 
epidemiological study on the global role and mechanisms 
of high-risk human papillomavirus (HR-HPV) in lung 
cancer found that HR-HPV is involved in the occurrence 
of different subtypes of lung cancer in both smokers 
and non-smokers. The study proposed several potential 
mechanisms [52]. In summary, the evidence supports 
HPV infection as a cause of the occurrence and develop-
ment of lung cancer, but there is no evidence indicating 
whether lung cancer increases the risk of HPV infection.

However, not every study has arrived at the same con-
clusion regarding the association between HPV and the 
risk of lung cancer. A recent meta-analysis on global 
lung cancer HPV DNA infection, stratified by patho-
logical type and geographic region, indicates that despite 

Fig. 4  Funnel plots depicting overall heterogeneity in MR estimates of the impact of HPV (HPV-16 E7 protein, HPV-18 E7 protein) on lung 
cancer and its subtypes. A Funnel plot for the causal effect of HPV-16 E7 protein on lung cancer. B Funnel plot for the causal effect of HPV-16 E7 
protein on squamous cell carcinoma. C Funnel plot for the causal effect of HPV-16 E7 protein on adenocarcinoma. D Funnel plot for the causal 
effect of HPV-18 E7 protein on lung cancer. E Funnel plot for the causal effect of HPV-18 E7 protein on squamous cell carcinoma. F Funnel plot 
for the causal effect of HPV-18 E7 protein on adenocarcinoma. IVW, Inverse Variance Weighting
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the presence of global HPV DNA positivity in lung can-
cer, there is a lack of conclusive evidence confirming the 
presence of HPV DNA in tumors. This makes it challeng-
ing to determine its carcinogenic role in the develop-
ment of lung cancer, as there is a lack of robust evidence 
demonstrating HPV’s potential involvement in the occur-
rence of lung cancer [29]. Data from the study conducted 
by Estela Maria Silva and colleagues indicate the absence 
of HPV DNA in a series of non-small cell lung cancers 
(NSCLC), further questioning the association between 
HPV and this specific subtype of lung cancer [28].

The controversial findings mentioned above compli-
cate the interpretation of the causal relationship between 
HPV and lung cancer. Furthermore, due to the expen-
sive human and material costs associated with rand-
omized controlled trials (RCTs) and the involvement 
of numerous ethical issues, using RCTs to explore this 
association becomes exceedingly challenging. There-
fore, we conducted this MR study. Compared to previous 

observational studies, studies using a bidirectional MR 
design are less susceptible to confounding factors and 
reverse causation. Simultaneously, we implemented a 
series of measures to fulfill the core assumptions of MR. 
By applying various MR methods, utilizing the PhenoS-
canner database, and excluding SNPs associated with 
confounding factors, we mitigated the potential impact 
of pleiotropy on the results, ensuring the robustness of 
our findings. Another notable feature of this study is the 
utilization of large sample size and SNPs from GWAS, 
which not only provides the study with sufficient statisti-
cal power to accurately estimate causal relationships but 
also enhances the credibility of the study results.

While our study has achieved significant results, it is 
important to note several limitations when evaluating 
our research. Firstly, the dataset we utilized is entirely 
based on individuals of European ancestry. Given the 
heterogeneity among racial groups, the generalizability 
of our study findings may be somewhat limited. Caution 

Fig. 5  Leave-one-out analysis of the causal relationship between HPV (HPV-16 E7 protein, HPV-18 E7 protein) and lung cancer and its subtypes. 
The red line represents the result of the random-effects IVW analysis. A HPV-16 E7 protein and lung cancer. B HPV-16 E7 protein and squamous cell 
carcinoma. C HPV-16 E7 protein and adenocarcinoma. D HPV-18 E7 protein and lung cancer. E HPV-18 E7 protein and squamous cell carcinoma. 
F HPV-18 E7 protein and adenocarcinoma. LUCA: Lung cancer; LUSC: Squamous cell carcinoma; LUAD: Adenocarcinoma. IVW: Inverse Variance 
Weighting
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is needed when extrapolating the research results to 
other ethnic populations and requires careful valida-
tion. Secondly, although we used F > 10 as the criterion 
for selecting strong instrumental variables in this study, 
in bidirectional MR, we chose instrumental variables 
based on a relatively lenient significance threshold of 
P < 5 × 10^(-5), rather than the traditional P < 5 × 10^(-
8). Thirdly, we only obtained datasets involving the level 
of HPV E7 protein, and despite extensive searching of 
the GWAS database, we did not identify other potential 
instrumental variables related to different aspects of HPV 
infection, such as the presence of HPV DNA or other 
HPV proteins. This highlights the dependence of Men-
delian randomization analysis on effective instrumental 
variables and its limitations in this regard, potentially 
leading to incomplete or biased interpretations of study 
results.

To improve the study, it is crucial to acknowledge 
these limitations, particularly the reliance on European 
ancestry data and constraints in instrumental variable 

selection. Future research directions should focus on val-
idating findings in more diverse populations to enhance 
generalizability, or integrate interdisciplinary approaches 
using various types of HPV-related genetic data to 
enhance the interpretability and applicability of study 
results.

Conclusion
Overall, our bidirectional TwoSampleMR study results 
indicate that there is no causal relationship between 
HPV infection and lung cancer at the genetic level. 
Similarly, genetic susceptibility to lung cancer does 
not causally affect HPV infection. While the HPV vac-
cine remains crucial in preventing HPV-related can-
cers such as cervical cancer [14, 53], our study suggests 
that its role in preventing lung cancer may not be sig-
nificant. This underscores the importance of continuing 
large-scale genetic studies and longitudinal research to 
gain a deeper understanding of the complex interplay 
between HPV infection and lung cancer risk.

Fig. 6  Forest plots of the causal effects of single nucleotide polymorphisms (SNPs) associated with HPV (HPV-16 E7 protein, HPV-18 E7 protein) 
on lung cancer and its subtypes. A Forest plot for the causal effect of HPV-16 E7 protein on lung cancer. B Forest plot for the causal effect of HPV-16 
E7 protein on squamous cell carcinoma. C Forest plot for the causal effect of HPV-16 E7 protein on adenocarcinoma. D Forest plot for the causal 
effect of HPV-18 E7 protein on lung cancer. E Forest plot for the causal effect of HPV-18 E7 protein on squamous cell carcinoma. F Forest plot 
for the causal effect of HPV-18 E7 protein on adenocarcinoma. LUCA: Lung cancer; LUSC: Squamous cell carcinoma; LUAD: Adenocarcinoma
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