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Abstract

Background: Several traditional observational studies and Mendeli-
an randomization (MR) studies have indicated an association between 
leukocyte telomere length (LTL) and the risk of lung cancer in the Eu-
ropean population. However, the results in the Asian population are 
still unclear. The objective was to reveal the genetic causal associa-
tion between LTL and the risk of lung cancer in the Asian population.

Methods: We conducted a two-sample MR analysis using summary 
statistics. Instrumental variables (IVs) were obtained from the ge-
nome-wide association studies (GWAS) of LTL (n = 23,096) and lung 
cancer (n = 212,453) of Asian ancestry. We applied the random-effects 
inverse-variance weighted (IVW) model as the main method. As well, 
several other models were performed as complementary methods to 
assess the impact of potential MR assumption violations, including 
MR-Egger regression, weighted median, and weighted mode models.

Results: We included eight single-nucleotide polymorphisms (SNPs) 
as IVs for LTL and found that LTL was significantly associated with 
the risk of lung cancer in the IVW model (odds ratio (OR): 1.60; 95% 
confidence interval (CI): 1.31 - 1.97; P = 5.96 × 10-6), which was 
in line with the results in the weighted median and weighted mode 
models. However, the relationship was not statistically significant in 
the MR-Egger regression model (OR: 1.44; 95% CI: 0.92 - 2.26; P = 
0.160). Sensitivity analyses indicated the robustness of the results.

Conclusions: This two-sample MR study confirmed that longer telomere 
length significantly increased the risk of lung cancer in the Asian popula-
tion, which was in accord with findings in the Western population.

Keywords: Mendelian randomization; ; Telomere length; Lung can-
cer

Introduction

As one of the most prevalent cancers and the main cause of 
cancer-specific death around the world, lung cancer has a poor 
prognosis and high mortality [1]. The epidemic of lung cancer 
also occurred in China. In 2019, lung cancer was estimated to 
cause 45.9 million disability-adjusted life years, causing it to 
become the most common cancer in China [2]. Lung cancer 
can be divided into two basic histologic subgroups, including 
small-cell lung cancer and non-small-cell lung cancer. The for-
mer only accounts for 15-17% of all lung cancer, while the lat-
ter, being the most common type, consists of 85% [3]. Previous 
studies have indicated major causes for the continued increase 
in the incidence of lung cancer are tobacco smoking, indoor ra-
don, and air pollution. Also, genetic factors are crucial for lung 
cancer carcinogenesis. While genome-wide association studies 
(GWAS) successfully identified lots of lung cancer suscepti-
bility loci in the past decades [4, 5], non-genetic risk factors of 
lung cancer still need to be explored.

Telomeres, containing tandem repeats of the TTAGGG 
sequence, are nucleoprotein complexes at the ends of eukary-
otic chromosomes, which play an important role in protect-
ing chromosome ends from damage as well as maintaining 
genome stability and integrity [6]. Between 50 and 200 base 
pairs are lost with each replication in human telomeres, and 
apoptosis or cellular senescence will be triggered if telomer-
es reach a critically short length [7]. Different tissues share 
similar patterns in telomere length (TL) shortening, thus, pe-
ripheral blood leukocyte telomere length (LTL) is regarded 
as a convenient and effective alternative to telomeres in other 
tissues [8, 9]. Telomerase, a reverse-transcriptase capable of 
synthesizing de novo TTAGGG repeats, has been validated 
that is over-expressed in 85-90% of tumors [10-12]. TL plays 
an important role in genomic homeostasis. Gradually shorter 
telomeres along with biological aging effects result in chro-
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mosomal instability, which leads to further increase of cancer 
susceptibility [7, 13]. However, long telomeres due to telomer-
ase over-expression probably motivate cancer development by 
means of continuing proliferation of cells as well as accumula-
tions of genetic mutations, implying that telomeres are crucial 
in human carcinogenesis.

Several studies have demonstrated the association be-
tween TL and the risk of lung cancer. Shen et al [14], Seow et 
al [15], and Lan et al [16] have conducted cohort studies and 
discovered that longer LTL was strongly related to a higher 
risk of lung cancer. However, another case-control study, con-
sisting of 243 lung cancer cases and 243 healthy controls, has 
revealed that individuals with short telomeres were more likely 
to suffer from lung cancer [17]. And no significant association 
between them emerged in a large prospective study based on 
the Danish population [18]. Therefore, the association between 
TL and the risk of lung cancer is still unclear, especially in 
the Asian population. An advanced approach is demanded to 
clarify the causation between them.

Mendelian randomization (MR), being referred to as 
“nature’s randomized trial”, is based on the fact that genetic 
variants are randomly assorted at the time of conception ac-
cording to Mendel’s laws, which makes it possible to utilize 
genetic variants to test and estimate causal effects of exposure 
on the outcome. In addition, single nucleotide polymorphisms 
(SNPs) are the most common instrumental variables (IVs) 
in MR studies. In summary, MR is a worthwhile method to 
evaluate causality with advantages of avoiding bias due to re-
verse causation and confounding [19-21]. Previous MR stud-
ies have proven that longer LTL increased risk of lung cancer 
[22-24]. However, those studies were either based on the Eu-

ropean population or based on never-smoking Asian women. 
Therefore, we conducted a two-sample MR design to estimate 
whether TL is the causal risk factor for risk of lung cancer in 
the Asian population.

Materials and Methods

Study design description

An outline of this MR study and the core MR assumptions are 
displayed in Figure 1. A two-sample MR analysis was carried 
out to explore the association between LTL and the risk of lung 
cancer by employing summary statistics from GWAS, which 
were obtained from studies that had gained informed consent 
from participants and ethical approval from local institutional 
review boards.

Methods of selection for IVs

LTL-related SNPs were employed as IVs, which were chosen 
from a formerly published LTL GWAS. It was undertaken in 
a large Singaporean Chinese population (16,759 study partici-
pants) and additionally validated genome-wide significant as-
sociations in further Singaporean Chinese populations (6,337 
study participants) [25]. We chose valid variants as IVs from 
the identified 10 LTL-related SNPs based on the following 
criteria: 1) reported SNPs were genome-wide significantly as-
sociated with LTL (P < 5 × 10-8); 2) genome-wide associa-

Figure 1. Description of the study design in this two-sample MR study. (a) MR analyses depend on three core assumptions. (b) 
Sketch of the study design. LTL: leucocyte telomere length; MR: Mendelian randomization; SNPs: single nucleotide polymor-
phisms.
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tions between SNPs and lung cancer were not significant (P 
≥ 5 × 10-8); 3) SNPs with call-rate ≥ 95% and minor allele 
frequency (MAF) ≥ 1.0% in Asian population; 4) SNPs having 
low linkage disequilibrium (LD) measured by r2 > 0.01 in the 
Asian 1000 Genome reference panel; and 5) SNPs with suf-
ficient parameters information for MR analyses. Details of 10 
LTL-related SNPs are listed in Table 1. We also reported the 
associations between 10 SNPs and risk of lung cancer, sug-
gesting that most of the SNPs were not associated with lung 
cancer at the genome-wide significant level except rs7705526 
which was then excluded. Additionally, one SNP, rs28365964, 
was further excluded because of missing required information 
for MR analyses. Finally, eight satisfied SNPs were picked for 
further analyses (Fig. 1).

Data sources for lung cancer

We employed summary-level data for lung cancer taken from 
the BioBank Japan Project (BBJ [26]), which pooled DNA and 
serum samples collaboratively collected from 12 medical institu-
tions in Japan [27]. It consists of 4,050 case samples and 208,403 
control samples. All lung cancer cases were diagnosed by doctors 
from above medical institutions with consistent criteria, and con-
trol samples were pooled from four population-based prospec-
tive cohorts in Japan. The National Bioscience Database Center 
Human Database is accessible to the publicly data [28].

Statistical analysis

The random-effects inverse-variance weighted (IVW) model, 
which supposes all IVs are valid without pleiotropic effects, 
was applied as the main method to assess the potential causal 
relationship between LTL and risk of lung cancer [29]. How-
ever, IVW estimator might be biased due to potential horizon-
tal pleiotropic effects when genetic variants affect the outcome 
by means of different pathways other than the exposure of in-
terest. Therefore, the MR-Egger regression, weighted median, 

and weighted mode models were employed as complementary 
analyses [30, 31].

On account of the validity of MR causal estimates re-
lying on three core assumptions to a certain extent (Fig. 1), 
we implemented several approaches to evaluate assumptions 
or justify the validity of results. With regard to the relevance 
assumption, we picked SNPs genome-wide significantly as-
sociated with LTL (P < 5 × 10-8) and we checked the propor-
tion of variation in the exposure variable explained by genetic 
variants [32]. Then, in order to assess the degree of bias due 
to potential directional pleiotropy, MR-Egger regression inter-
cept and its 95% confidence interval (CI) were exploited for 
the test of exclusion restriction assumption [30, 33]. Moreo-
ver, horizontal pleiotropy was further investigated by the MR-
PRESSO global test as well as the MR-PRESSO outlier test 
[34]. Meanwhile, we also reported statistically differences be-
tween before and after deleting the outlying SNPs. As for IVW 
and MR-Egger models, Cochran’s Q statistics were implied to 
test heterogeneity [35]. A funnel plot was applied as a comple-
mentary approach to assess potential asymmetry and a forest 
plot visually displayed causal estimates for each SNP. Finally, 
we utilized leave-one-out analysis to test the stability of MR 
estimates [33]. We additionally performed multivariable MR 
analysis to take into account smoking status, alcohol drinking 
habits, body mass index, and physical activity.

All casual estimates were expressed as an odds ratio (OR) 
and 95% CI along with the P-value, beta (β), and standard er-
ror (SE). All P-values are two-tailed and the significance level 
is defined as 0.05. The TwoSampleMR and MendelianRand-
omization packages in R (version 4.1.2 [36]) help us accom-
plish all analyses in this study.

This study only used publicly accessible summary-level 
statistics; therefore, informed consent and ethical approval are 
not required.

Results

Table 2 and the scatter plot (Fig. 2a) suggested that geneti-

Table 1.  Genetic Variants (n = 10) Applied to Estimate the Effect of LTL on Lung Cancer in MR Analyses

rsID Chr Pos Effect allele Other alleles P for exposure β SE P for outcome
rs41293836 14 24721327 T C 1.00 × 10-200 0.233 0.017 7.78 × 10-2

rs7705526 5 1285974 A C 2.61 × 10-38 0.118 0.010 2.83 × 10-13

rs2293607 3 169482335 C T 1.00 × 10-200 -0.120 0.010 8.49 × 10-3

rs12415148 10 105680586 C T 2.78 × 10-25 0.204 0.020 4.92 × 10-2

rs3219104 1 226562621 C A 2.43 × 10-16 0.074 0.009 1.49 × 10-2

rs28365964 8 73920883 C T 6.96 × 10-15 0.270 0.035 NA
rs10857352 4 164101482 G A 1.60 × 10-8 0.058 0.010 3.95 × 10-1

rs41309367 20 62309554 T C 1.16 × 10-8 -0.058 0.010 2.69 × 10-3

rs227080 11 108247888 G A 1.87 × 10-10 -0.060 0.009 7.10 × 10-1

rs7776744 7 124599749 G A 2.51 × 10-10 -0.058 0.009 2.58 × 10-1

β: beta estimate; Chr: chromosome number; LTL: leucocyte telomere length; MR: Mendelian randomization; Pos: chromosomal position; rsID: refer-
ence SNP ID; SE: standard error of the beta.
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Table 2.  Genetic Predicted the Association Between LTL and Lung Cancer in the MR Analyses

Exposure Outcome No. of SNPs Methods OR (95% CI) β (SE) P
LTL Lung cancer 8 IVW 1.60 (1.31 - 1.97) 0.473 (0.104) 5.96 × 10-6

MR-Egger 1.44 (0.92 - 2.26) 0.367 (0.228) 1.60 × 10-1

Weighted median 1.56 (1.21 - 2.01) 0.444 (0.129) 5.99 × 10-4

Weighted mode 1.55 (1.19 - 2.04) 0.441 (0.139) 1.54 × 10-2

β: beta estimate; CI: confidence interval; IVW: inverse-variance weighted; LTL: leucocyte telomere length; MR: Mendelian randomization; OR: odds 
ratio; SE: standard error of the beta; SNPs: single nucleotide polymorphisms.

Figure 2. The casual effect of LTL on lung cancer. (a) Scatter plot of the association between LTL and risk of lung cancer. The four 
methods applied in the current manuscript were all depicted. Lines in black, red, green and blue represent for IVW, MR-Egger, 
weighted median and weighted mode models. (b) Forest plot was used to show the MR estimates and 95% CI values (gray line 
segment) for each SNP. As well, it also showed the IVW and MR-Egger MR results in the bottom. (c) Leave-one-out analysis was ap-
plied to evaluate whether any single instrumental variable was driving the causal effect. (d) Funnel plot was applied to detect wheth-
er the observed association was along with obviously heterogeneity. β: beta estimate; CI: confidence interval; IVW: inverse-variance 
weighted; LTL: leucocyte telomere length; OR: odds ratio; SE: standard error of the beta; SNPs: single nucleotide polymorphisms.
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cally predicted TL was significantly associated with the risk 
of lung cancer in the IVW model (OR: 1.60; 95% CI: 1.31 
- 1.97; P = 5.96 × 10-6), which was in line with the results in 
the weighted median and weighted mode models. However, 
no causal relationship was detected in the MR-Egger regres-
sion model (OR: 1.44; 95% CI: 0.92 - 2.26; P = 0.160). As 
for the pleiotropy test, both the MR-Egger regression analyses 
and MR-PRESSO results revealed no indication of potential 
directional pleiotropy (Table 3, both P-value > 0.05). Besides, 
Cochran’s Q P-value in IVW and MR-Egger regression mod-
els pointed out there was no heterogeneity (Table 3, all P-value 
of Cochran’s Q > 0.05), along with a relatively symmetrical 
funnel plot (Fig. 2d). Furthermore, leave-one-out analyses 
(Fig. 2c) indicated that the observed causation did not change 
substantially after removing any single SNP, which provided 
evidence to support the robustness of the results. Multivariable 
MR analysis showed comparable results after controlling for 
smoking status, alcohol drinking habits, body mass index, and 
physical activity (Table 4).

Discussion

In this study, we performed a two-sample MR study using 
summary-level statistics and identified longer TL significantly 
increased risk of lung cancer in the Asian population, which 
was in accord with findings in the Western population. As well, 
sensitivity analyses showed the robustness of results.

As mentioned above, the association between TL and risk 
of lung cancer is still unclear and contradictory. Several previ-
ous observational studies indicated those with longer telom-
eres were more likely to suffer from lung cancer while others 
found the opposite. This discrepancy may own to inappropri-
ate case-control studies with unavoidable reverse causation 
bias and confounding. For instance, the temporality of expo-
sure and outcome is unclear because case-control studies are 
retrospective. Blood samples were only collected after lung 
cancer patients had been clearly diagnosed or treated, while 
several studies revealed tumor chemotherapy might result in 
LTL shortening [37-39]. Furthermore, confounding factors in 

observational studies, such as smoking and age, may gener-
ate spurious or over-estimated associations. MR design, being 
referred to as “nature’s randomized trial”, however, can mini-
mize these biases. Cao et al conducted an MR study to explore 
the association between TL and risk of lung cancer in a Chi-
nese population and found significant associations [40]. How-
ever, the IVs, LTL-related SNPs selected in this MR study [40] 
were obtained from a previously published TL GWAS in the 
European population, while two-sample MR design required 
the two samples present the sample underlying populations of 
the same ancestry. Thus, this two-sample MR study might ob-
tain results with bias due to violations of core assumptions. In 
our MR study, data for TL and lung cancer were both collected 
from samples in the East Asian population. Additionally, the 
proportion of variation in the LTL explained by IVs was sig-
nificantly improved in our study compared with the previous 
one (6.3% vs. 1.0%) [25, 40]. Therefore, our MR design prin-
cipally avoided previous limitations.

The biological mechanism connecting longer telomeres 
with lung carcinogenesis is still vague. Although we fail to 
understand the precise molecular mechanisms, we still can 
interpret results through limited biological knowledge. It has 
been found that telomerase, whose function is to prolong tel-
omeres as well as to promote cell proliferation activities [41-
43], is over-expressed in most adult tumors [44-46]. Prolonged 
telomeres may boost malignant transformation by sustaining 
cell survival and increasing the chance of genetic mutations 
[7]. Meanwhile, chromosomal instability could be increased 
by an unceasing, abnormal, and excessive proliferation of cell, 
especially in the elderly population whose capability for DNA 
repair has been sharply damaged due to biological aging ef-
fects [47-49]. Consequently, long telomeres enhance risk of 
lung cancer by promoting the immortalization of abnormal 
cells and the accumulation of genetic mutations.

We explored the causation between TL and risk of lung 
cancer by an MR design, avoiding reverse causality and mini-
mizing residual confounding in contrast to previous observa-
tional studies. What’s more, compared with other MR stud-
ies, another advantage is that we employed extensive data for 
MR analyses with the same underlying population, which tre-

Table 3.  Pleiotropy and Heterogeneity Analyses

Exposure Outcome
MR-Egger regression MR-PRESSO Heterogeneity analyses

Intercept P_intercept Global test P Correct P* Method Q P_Q
LTL Lung cancer 0.012 0.615 0.448 NA IVW 7.886 0.343

MR-Egger 7.532 0.274

IVW: inverse-variance weighted; LTL: leucocyte telomere length; MR: Mendelian randomization.

Table 4.  Genetic Predicted the Association Between LTL and Lung Cancer in the Multivariable MR Analyses

Exposure Outcome No. of SNPs Methods OR (95% CI) P
LTL Lung cancer 8 IVW 1.93 (1.37 - 2.73) 0.0002

MR-Egger 1.81 (0.80 - 4.07) 0.1945
Weighted median 1.57 (1.22 - 2.04) 0.0006
Weighted mode 1.55 (1.20 - 2.00) 0.0093
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mendously enhances accuracy of results. Nevertheless, there 
also exists some limitations in our study. Firstly, the func-
tions of the genetic variables as well as specific molecular 
mechanisms remain unclear. Secondly, several studies have 
reported the association between TL and risk of lung can-
cer was histology-dependent [50, 51]. However, we did not 
conduct an in-depth study according to histological classifi-
cation because of the limitations of related data in Biobank 
Japan. Additionally, we employed TL-related SNPs attained 
from peripheral blood leukocytes rather than lung tissues on 
account of the shortage of lung tissue-specific TL GWAS, 
which may reduce the power to detect the causal association. 
But some studies have reported a strong connection of TL 
between both tissue types, indicating that our results are still 
valid to some extent [8, 9].

In conclusion, our two-sample MR study refreshed the 
role of TL in lung cancer etiology and confirmed longer TL 
significantly increased the risk of lung cancer in the Asian 
population, which was in accord with findings in the Western 
population. Further research needs to be undertaken to eluci-
date the biological mechanism as well as to explore applicable 
ways to make use of telomeres, this complex biomarker, in the 
field of disease prevention or clinical treatment.

β: beta estimate; CI: confidence interval; IVW: inverse-
variance weighted; LTL: leucocyte telomere length; MR: Men-
delian randomization; OR: odds ratio; SE: standard error of the 
beta; SNPs: single nucleotide polymorphisms.
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