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ARTICLE INFO ABSTRACT
Keywords: Objective: In this study, we aimed to investigate whether age first had sexual intercourse (AFSI)
Cervical cancer and lifetime number of sexual partners (LNSP) have a direct causal effect on cervical cancer by

Age first had sexual intercourse
Lifetime number of sexual partners
Genetics

Mendelian randomization

Mendelian randomization (MR) analysis.

Methods: Four approaches were used for MR Analysis, including MR-Egger, weighted method,
weighted median, and inverse variance weighted (IVW). MR Pleiotropy RESidual Sum and Outlier
(MR-PRESSO) as well as MR-Egger regression analysis were conducted to detect whether there
was pleiotropy between IVs and outcome, and the outlier SNPs can be detected by MR-PRESSO.
The presence or absence of heterogeneity among IVs was suggested according to Cochran’s Q
statistic. Leave-one-out sensitivity analysis was performed to identify and remove SNPs which
could independently change the results. We corrected the results using Bonferroni correction.
Results: From the results of IVW, AFSI had a negative effect on cervical cancer (OR = 0.996, 95 %
CL: 0.995, 0.998 P = 1.70E-07), which still persisted after Bonferroni correction. However, no
causal effect of LNSP on cervical cancer was found according to the IVW results (OR = 1.003, 95
% CI: 1.000, 1.007, P = 0.071). From the results of MR-PRESSO and MR-Egger, no SNP with
horizontal pleiotropy between cervical cancer was detected and no SNP was identified as an
outlier SNP. Cochran’s Q statistic suggested that no heterogeneity existed among IVs of AFSI and
LNSP. According to Leave-one-out analysis, the results of MR did not change after excluding any
single IV.

Conclusion: This MR study reveals that early AFSI has a causal effect on cervical cancer.

1. Introduction

As the most prevalent malignancy in the reproductive system of women, cervical cancer is caused by the formation of malignant
cells in the cervix. Compared with younger women, women in the 40-60 age group had a higher prevalence of cervical cancer [1]. As
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the fourth most common cancer among female of reproductive age worldwide, it was estimated that nearly 13,960 new cases of
invasive cervical cancer (ICC) and 4310 related deaths will occur in the United States by 2023 [2]. Although the pathogenesis of
cervical cancer was not fully elucidated, some studies revealed that the incidence of cervical cancer may be associated with the
following factors, including early age at first sexual intercourse (AFSI), early marriage, multiple childbearing, HPV infection, poor
hygiene during the puerperium and a large lifetime number sexual partners (LNSP) et al. [1,3]. Among these factors, AFSI and LNSP
attracted much attention.

Mounting evidence suggested that AFSI and LNSP are influencing factors for cervical cancer. A case-control study including 1864
patients with cervical cancer and 1719 controls from 8 developing countries revealed that early AFSI is closely related to an increased
risk of ICC [3]. Recently, an observational study found that among 10,494 Japanese women younger than 40 years, those with ICC had
a significantly younger AFSI as compared to those with cervical intraepithelial neoplasia grade (CIN) 2-3 and carcinoma in situ [4]. A
study including 128,173 women aged 15-49 years from 8 west African countries reported that young AFSI is closely related to an
increased risk of cervical cancer [5]. In addition, a study analyzed 21 epidemiological studies and found that low AFSI and more LNSP
is positive related to the risk of ICC [6]. More LNSP was observed to be positive associated to the risk of carcinoma in situ and CIN3 [6].
LNSP was also proposed that can predict spontaneous regression of CIN 2 and CIN 3 [7]. A survey of more than 100,000 Scandinavian
women aged 18-45 years from Danish, Norwegian and Swedish showed that young AFSI and more LNSP are associated with a higher
incidence of cervical cancer [8].

Clarifying the causal relationship between AFSI/LNSP and cervical cancer is helpful to accurately determine the high-risk popu-
lation of cervical cancer, contribute to the publicity and education of cervical cancer, early prevention and intervention of cervical
cancer, and also guide the formulation of cervical cancer vaccination strategy and implementation. However, majority of the above
conclusions between AFSI/LNSP and cervical cancer were from observational studies, which may be biased by confounding factors [9].
In addition, due to the ethical issues of AFSI and LNSP and the serious consequences of cervical cancer, conducting a randomized
controlled trial (RCT) to investigate the direct causal association between AFSI/LNSP and cervical cancer may involve ethical issues.
Therefore, the relationship between AFSI/LNSP and cervical cancer still needs to be further researched using an advanced method.

Under the circumstance, Mendelian randomization (MR), as a method with strong causal determination, can be used to assess the
causal relationship between AFSI/LNSP and cervical cancer. In MR analysis, genetic variants of exposures, which are randomly
assigned and not be influenced by possible confounding factors, were used as instrumental variables (IVs) [10]. Due to the stability of
IV and the one-way relationship that genes affect traits but diseases do not change genotypes, the causal associations observed by MR
can be protected from confounding factors and reverse causal bias [11]. In addition, compared with RCT, the data in MR analysis is
obtained from the existing large-scale genome-wide association study (GWAS) open data, which not only saves time and human re-
sources, but also does not have medical ethical issues [11].

In this study, we aimed to investigate whether AFSI and LNSP have a direct causal effect on cervical cancer by MR analysis. To the
best of our knowledge, there is a dearth of MR studies investigating the causal effect of AFSI and LNSP on cervical cancer. This study
fills this gap in the literature. The result of this study can not only provide a theoretical basis for the development of prevention and
care strategies for patients with cervical cancer, but also help to evaluate the risk of cervical cancer in women with early AFSI or more
LNSP.

2. Materials and methods
2.1. Study design and data source

The possible causal effect of AFSI and LNSP on cervical cancer was detected by two-sample MR analysis. The GWAS data of AFSI,
LNSP and cervical cancer were all obtained from the IEU [12], which included 9,851,867participants (Supplement Table 1). Using this
GWAS database, we extracted IVs strongly associated with AFSI and LNSP, and then extracted relevant data from the GWAS database
of cervical cancer for MR Analysis. This study is a pooled analysis of previous GWAS data, which is a secondary analysis and does not
require ethical permission and informed consent.

2.2. SNP selection

Firstly, we chose SNPs which were strongly (P < 5 x 10~®) associated with AFSI and LNSP and with a minor allele frequency (MAF)
> 0.01 from the GWAS data. Secondly, the clustering process (R2 < 0.001 and clumping distance = 10,000 kb) was conducted to
eliminate the linkage disequilibrium (LD) between SNPs. Thirdly, we matched the screened SNPs in GWAS data of cervical cancer, and
if the SNP was not present in the GWAS data, it was replaced by its proxy SNP with high LD (r2 > 0.8). Finally, palindrome SNPs were
removed and the remaining SNPS can be used as IVs.

2.3. Statistical analyses

In this study, we conducted MR analysis using four approaches, including MR-Egger, weighted method, weighted median, and
inverse variance weighted (IVW), to ensure that the results were more comprehensive and stable. Among these four methods, [IVW was
the most important basis for interpretation of the results. MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO) as well as MR-Egger
regression analysis were conducted to detect whether there was pleiotropy between IVs and outcome, and the outlier SNPs were also
identified by MR-PRESSO. Then we deleted these abnormal IVs and re-conducted the analysis until no abnormal IVs were detected [13,



Y.-y. Zhou et al. Heliyon 10 (2024) e23758

14]. Meanwhile, the presence or absence of heterogeneity among IVs was suggested according to Cochran’s Q statistic [15]. In order to
identify and remove SNPs with significant effects on the results, Leave-one-out sensitivity analysis was performed. Due to that two
exposures (AFSI and LNSP) were analyzed in this study, the P-value of the Bonferroni correction was 0.025 (0.05 was divided by 2*1)
[16,17]. Therefore, P < 0.025 was considered statistically significant. All statistical analyses were done with the packages “Two-
SampleMR” as well as “MRPRESSO” included in R version 4.1.1.

3. Results
3.1. Instrumental variables (IVs) selection

Based on the clumping process results, 200 SNPs and 63 SNPs strongly related (P < 5 x 107°) to AFSI and LNSP were screened as
IVs, respectively and there was no LD between these IVs. Then, we excluded SNPs with MAF less than 0.01. There were 10 IVs of AFSI
and 2 IVs of LNSP which were identified as palindromic SNPs and removed in MR analysis. A total of 41 IVs of AFSI and 13 IVs of LNSP
were not found in outcome GWAS data, and no proxy SNPs of them can be found in outcome GWAS data (Supplementary Tables 2-3).
Ultimate there were 149 IVs of AFSI and 48 IVs of LNSP available in MR analysis.

3.2. Causal effect of AFSI/LNSP on cervical cancer

From the results of IVW, AFSI was negatively correlated with the risk of cervical cancer (OR = 0.996, 95 % CI: 0.995, 0.998 P =
1.70E-07), and the correlation remain existed after Bonferroni correction (Fig. 1, Supplementary Table 4). No causal effect of LNSP on
cervical cancer was found according to the IVW results (OR = 1.003, 95 % CI: 1.000, 1.007, P = 0.071) (Fig. 1, Supplementary Table 4).

3.3. Pleiotropy and Sensitivity Analysis

According to the results of MR-PRESSO and MR-Egger, no SNP with horizontal pleiotropy between cervical cancer was detected and
no SNP was identified as an outlier SNP (all P > 0.05). Cochran’s Q statistic suggested that no heterogeneity existed among IVs of AFSI
and LNSP (Q = 132.079, P = 0.822) and LNSP (Q = 54.586, P = 0.208). Leave-one-out analysis showed that the results of MR did not
change after excluding any single IV ((Figs. 2-3, Supplementary Table 4)).

Exposure Nsnp OR (95% CI) OR (95% CI) P value

AFSI 149 H 0.996(0.994,0.998) 2.76E-04
149 }_._| 0.998(0.990,1.006) 0.560
149 M 0.996(0.99,1.002) 0.201
149 H 0.996(0.995,0.998) 1.70E-07

LNS 48 I 1.003(0.998,1.007) 0.296
48 B 1.009(0.977,1.042) 0.591
48 e 0.996(0.985,1.007) 0.474
48 = 1.003(1.000,1.007) 0.071

[ T 1
0.95 1.00 1.05

Fig. 1. MR estimate results of AFSI and LNSP on cervical cancer.
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4. Discussion

The results of IVW suggested that LNSP had no causal effect on cervical cancer, while AFSI was still negative correlated with the risk
of cervical cancer after Bonferroni correction, which provide a theoretical basis to further confirm the effect of AFSI on cervical cancer.
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Fig. 2. Pleiotropy and Sensitivity Analysis of AFSI on cervical cancer. Note: A: Scatter plot; B: Funnel plot; C: Forest plot; D: Leave-one-out plot.
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Fig. 3. Pleiotropy and Sensitivity Analysis of LNSP on cervical cancer
Note: A: Scatter plot; B: Funnel plot; C: Forest plot; D: Leave-one-out plot.

In recent years, many studies which were mostly observational studies, have focused on the relationship between AFSI and cervical
cancer and revealed that early AFSI can increase the risk of cervical cancer [3-6], which was also confirmed by our study. This may be
because that people with low AFSI were young when they first have sex, the reproductive system is not fully developed, and the
knowledge and protection awareness of cervical cancer are low [18,19]. They may be less inclined to seek or less informed about
cervical screening and less likely to receive cervical cancer vaccination. Low AFSI also means that they may have more sexual risk
behaviors and are more likely to be infected with HPV, which ultimately leads to a higher risk of cervical cancer [19-23].

A study analyzed 28 studies to explore the casual relationship between AFSI and the health of adolescent girls and found that girls
with AFSI younger than 14 years were less likely to use contraception, had longer duration of sexual activity before using contra-
ception, and were at higher risk of cervical cancer. Moreover, girls with AFSI >16 were at a better physical and mental state than those
with a young AFSI [19]. It was also reported that women with AFSI >18 were almost twice as likely to use contraception as compared
with women with AFSI <15 [22].
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LNSP was also proposed that can predict spontaneous regression of CIN 2 and CIN 3 [7]. A survey of more than 100,000 Scan-
dinavian women aged 18-45 years from Danish, Norwegian and Swedish showed that young AFSI and more LNSP are associated with a
higher incidence of cervical cancer [8]. It has been reported that more LNSP is a disadvantage factor for cervical cancer, and women
with more LNSP have a higher risk of cervical cancer [6-8,24]. However, no causal effect of LNSP on cervical cancer was observed in
this study, which is inconsistent with previous studies, suggesting that the association found in previous observational studies may not
be a direct causal relationship.

It was revealed that obtaining a new sexual partner, a large number of LNSP, and having non-marital male sexual partners were the
main risk factors for HPV infection in women [25]. A study that analyzed 576,281 women from 280 studies also found that women
with more LNSP had a higher risk of HPV infection [26]. The previous observed association may be because that women with multiple
sexual partners are more susceptible to HPV infection, and their acceptance of cervical cancer screening is lower than that of women
with single sexual partners, thus making observational studies vulnerable to misinterpretation of the direct association of LNSP with
cervical cancer [6,20,27,28]. The results of this study suggest that there is no direct causal relationship between LNSP and cervical
cancer. The association between LNSP and cervical cancer observed in previous observational studies may be a spurious causal as-
sociation caused by other factors, such as HPV infection, and the association between LNSP and cervical cancer still needs to be further
studied.

The results of this study suggest that we should provide sexual education, popular science of sexual knowledge and health edu-
cation of cervical cancer in young children to reduce the probability of young sexual behavior and high-risk sexual behavior. It also
suggests that we should improve the awareness and expand the popularization of cervical cancer screening in women, especially for
women with high risk factors.

5. Advantages and disadvantages

Our study design had several advantages. Firstly, to the best of our knowledge, this is the first time that MR has been used to
investigate the direct causal effect of AFSI and LNSP on cervical cancer. Secondly, we used the largest GWAS databases available for
AFSI, LNSP and cervical cancer, with exposures and outcomes derived from the same GWAS database. Third, all the results of het-
erogeneity and sensitivity analysis ensure the stability of the MR results. Moreover, Bonferroni correction was used to ensure the
stability of the conclusion.

However, there were also some limitations of this study. First, all GWAS data were restricted to individuals of European descent,

resulting in that the extrapolation of the results to the whole population is limited. Second, whether some possible confounding factors,
such as HPV infection, are involved in the causal relationship and their mediating effects still need to be further studied.

6. Conclusion

Our findings suggest a potential causal relationship between early AFSI and cervical cancer. The results of this study provided a
theoretical basis for the development of prevention, health care, and treatment strategies for patients with cervical cancer.
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