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Background: Growing evidence suggests that female reproductive factors, like age at first birth (AFB),
may play a potential role in the progression of lung cancer (LC). However, previous studies are susceptible
to confounding factors, inadequate attention to variation by histology or reverse causality. Few studies have
comprehensively evaluated their association and the causal effect remains unclear.

Methods: We aimed to determine whether AFB is causally correlated with the risk of LC, by means of
utilizing aggregated data from the large genome-wide association studies conducted on AFB (251,151
individuals) and data of LC from International Lung and Cancer Consortium (ILCCO, 11,348 cases and
15,861 controls). We used 10 AFB-related single nucleotide polymorphisms as instrument variables and
applied several two-sample Mendelian randomization (MR) methods. Secondary results according to
different histological subtypes of lung cancer were also implemented.

Results: Conventional inverse-variance weighted method indicated that genetic predisposition towards
number unit (1 year) increase of AFB was associated with a 18% lower risk of LC [odds ratio (OR) =0.82,
95% confidence interval (CI): 0.69-0.97; P=0.029]. When results were examined by histotypes, an inverse
association was observed between genetically predisposed number unit (1 year) increase of AFB and
lung adenocarcinoma (OR =0.75, 95% CI: 0.59-0.97, P=0.017) but not with squamous cell lung cancer
(OR =0.77, 95% CI: 0.57-1.05, P=0.103). The results demonstrated no association between number unit
decrease of AFB and LC. Pleiotropy was not presented through sensitivity analyses including MR pleiotropy
residual sum and outlier test (P=0.412). Genetic predisposition towards older AFB was additionally associated
with longer years of schooling (OR =1.12, 95% CI: 1.08-1.16, P<0.001), lower body mass index (OR =0.93,
95% CI: 0.88-0.98, P=0.004) and less alcohol consumption (OR =0.99, 95% CI: 0.99-1.00, P=0.004).
Conclusions: Our study suggested that older AFB was a causal protective factor in the progression of LC.
Further studies elucidating the potential mechanisms are needed.
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Introduction

Lung cancer (LC) is recognized as the major cause of
cancer deaths worldwide, and the second-most commonly
diagnosed cancer in women, with around 228,820 new
cancer cases and 116,300 estimated deaths in the USA in
2020 (1). The 5-year relative survival rate for non-small-
cell lung cancer (NSCLC) is 23% and for small-cell lung
cancer (SCLC) is 6% (2). In view of the growing burden of
LC, making progress in early detection of LC and better
management of patients with LC contribute to lowering
the morbidity and mortality. Consequently, it is crucial
for investigators to identify potentially modifiable risk
factors for better prevention. Taking cigarette smoking
as an example, it is considered to be a leading high-risk
factor for LC (3). Effective tobacco control policies carried
out by governments greatly contributed to decreasing the
morbidity of LC and further improving the long-term
prognosis of the patients (4,5).

Notably, recent studies have revealed that a great amount
of female cases of LC occur in non-smokers. Furthermore,
adenocarcinoma makes up for around three quarters of all
LC subtypes among non-smoking women and a higher
frequency of mutations in the epidermal growth factor
receptor (EGFR) was observed (6). Difference between
men and women in the morbidity of LC suggests that
the physiological characteristics, like hormonal factors,
might potentially have an impact on the progression of
LC (7). The effects of hormones contributing to the
pathogenesis of LC was first described by laboratory
evidence which identified progesterone receptors (PR)
and estrogen receptors (ER) in human NSCLC tissue (8).
Recent studies also revealed that steroid hormone-
related receptors, including ER, PR and human EGFR-2,
frequently express in tumour issue of LC (9). In addition,
ER a nuclear expression associates significantly with lung
adenocarcinoma (LUAD), non-smokers and female (10,11).
Consequently, it has been hypothesized that factors of
reproductive health, including age at first birth (AFB), age
at menarche and number of pregnancies, could have an
impact on women’s risk of developing LC through their
effects on steroid hormones (12,13). However, findings
pertaining to the contribution of AFB towards LC risk are
rather controversial. Moreover, the causal effect between
AFB and LC risk remains unclear.

In 2003, Kreuzer et al. reported a significantly decreased
risk of LC with increased AFB through a case-control
study including 811 female LC cases and 912 controls (14).

© Translational Lung Cancer Research. All rights reserved.

1721

Likewise, Kabat ez al. published a prospective cohort study
(89,835 women and 750 incident LC cases) which found
that women’s AFB older than age 30 were at a 38% lower
risk of LC compared with women’s AFB below age 23 (15).
Nevertheless, subsequent studies concerning the relationship
of AFB and LC risk have primarily been negative (16-19).
In general, previous conventional observational studies
provided evidence that late AFB can lower or have no
significant effect on LC risk. However, in view of inherent
shortcomings of previous observational studies, including
confounders, inadequate attention to variation by histology
or reverse causality, this correlation could be biased (20).
Simultaneously, we cannot determine whether there is a
cause-and-effect relationship between AFB and LC.

Considering the relative long incubation period between
AFB and LC, the randomized controlled trials (RCTs),
which recognized as the gold standard in investigating
causality, may not be workable for this event. Consequently,
we utilized a novel genetic epidemiological tool, the
Mendelian randomization (MR) analysis. MR design is
based on Mendel’s second law that genetic variants are
randomly allocated before birth and fixed at conception,
which are generally not affected by environmental risk
factors and precede risk factors and the progression of
diseases (21). Utilizing genetic variants as instrumental
variables (IVs) for risk factors, mainly single-nucleotide
polymorphisms (SNPs), MR can provide an analogy to
RCT5 in an observational setting (22). Besides, MR analysis
can surmount the limitations of traditional approaches, such
as reverse causality, confounding and measurement error,
for the sake that the process between gene and disease is
usually a one-way flow (23). In addition, we can employ
a two-sample MR analysis which obtains IVs-exposure
and IVs-outcome association from large-scale genome-
wide association studies (GWASs), greatly improving the
statistical power of MR (24,25).

Our study investigated the potential causality between
AFB and LC risk by means of a two-sample MR approach
for the first time.

Methods
MR procedures

Statistical analysis was applied using summary-level genetic
data from the International Lung Cancer Consortium
(ILCCO) and latest published GWAS meta-analysis studies,
in a two-sample MR framework. MR is an approach

Transl Lung Cancer Res 2021;10(4):1720-1733 | http://dx.doi.org/10.21037/tler-20-1216



1722

Instrumental variables:
AFB* variants

Assumption 3
Instrumental
variables affect lung
cancer only through
their effect on AFB
and not through any
alternative causal
pathways

Exposure:
AFB

Outcome:

Lung cancer

Genetic variants are
robustly associated
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Assumption 1

Assumption 2

with the AFB Instrumental
variables are
independent of

any confounders

Figure 1 Illustrative diagram of Mendelian randomization assumptions. The solid lines show the standard instrumental variable assumptions

for genetic variants. The dotted lines present the potential violations of the assumptions which are marked with a ‘cross’. AFB, age at first

birth.

utilizing genetic variants as instruments to obtain estimates
for the causal effect of risk factors on disease outcomes.
Our MR approach based on three basic assumptions as
follows: (I) the genetic markers are associated with AFB
robustly; (I) the IVs affect LC merely through their effect
on AFB without any alternative causal pathways, that is,
no pleiotropic effects do genetic markers have through
pathways different from the exposure; and (III) the IVs are
independent of confounders existing in the relation between
AFB and LC (26) (Figure I). All assumptions could not be
violated, otherwise the causal link obtained by MR research
would not have sufficient reliability.

GWAS summary data

We utilized genetic summary data from large consortia for
human reproductive behavior as well as ILCCO developed
by the MRC Integrative Epidemiology Unit. Summary
data of these two consortia were publicly available on the
MR-Base platform (http://www.mrbase.org/), an analytical
platform and database for MR (27).

Genetic variants associated with AFB

From 62 cohorts of European descent in total, Barban er a/.
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reported the largest meta-analysis of GWASs, including
343,072 for number of children ever born (NEB) and
251,151 individuals for AFB. 12 independent loci were
identified by the study that were significantly correlated with
NEB and/or AFB (28). First, we identified 10 SNPs which
robust association with AFB was confirmed in a threshold
of statistical significance of P<5 x107%, including rs10056247,
rs10908557, rs10953766, rs1160544, rs2347867, rs242997,
rs2721195, rs2777888, rs293566 and rs6885307 (details
of each of SNPs, including standard errors and effect
sizes are available at Table S1). Across individuals, these
10 SNPs explained approximately 15% of the variation
in AFB. The F-statistic of our study was 4,802.59 (>10)
(Table 1), indicating the strong prediction of the AFB
instruments we used. In addition, the number of LC cases
demanded for 80% power with an odds ratio (OR) from
previously estimated causal effect size of AFB of 0.68 (15) was
at least 1530 subjects (Zable I). Consequently, based on these
10 SNPs, it was sufficient for the generation of a powerful
genetic instrument. Second, using linkage disequilibrium
(LD) analysis, all of the SNPs were not excluded (R’<0.001).
Eventually,10 SNPs were applicable for the final IV set (Table
S1). It is worth noting that none of the 10 SNPs robustly
associated with AFB is correlated with men only while

rs1160544, rs2777888, rs6885307, rs10953766, rs2347867
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Table 1 Statistical power calculation (two-sided 0=0.05) for Mendelian randomization analysis investigating the effects of age at first birth on lung

cancer risk overall and among histologic subtypes

. T . OR from
Exposure/genetlc Her.ltabll.lty 5 Outcome/sample size Proportion of observational Power F statistics
instrument explained in R cases )
studies
AFB/10 SNPs 15% Lung cancer/27,209 0.417 0.68 1.00 4,802.59
Lung adenocarcinoma/18,316 0.187 0.75 1.00 3,233.24
Squamous cell lung cancer/18,313 0.179 0.53 1.00 3,232.71

Lung cancer epidemiological individual-level data was obtained from International Lung and Cancer Consortium. AFB, age at first birth;

OR, odds ratio.

Table 2 Details of lung cancer epidemiological individual-level data from International Lung and Cancer Consortium (ILCCO) included in

Mendelian randomization analyses

Trait First author Consortium Sex/population Sample size N\l;l::it;i;:f PubMed ID
Lung cancer Wang Y ILCCO Males and 27,209 8,945,893 24880342
Lung adenocarcinoma females/European 18,316 8,881,354
Squamous cell lung cancer 18,313 8,893,750

ILCCO, International Lung and Cancer Consortium. The original source of this table is from (31).

and rs2721195 are significantly associated with women.
Consequently, mechanisms underlying AFB to LC are mainly
decided by female reproductive factors (29). The study was
conducted in accordance with the Declaration of Helsinki (as

revised in 2013) (30).

GWAS summary data on LC

Derived from the European ancestry, genetic data of 11,348 LC
cases and 15,861 controls were used as epidemiological
individual-level data from ILCCO (7ible 2), a global group
of LC researchers established in 2004 (31,32). For each of
the 10 SNPs associated with AFB (rs10056247, rs10908557,
1510056247, rs10953766, rs2347867, rs293566, rs1160544,
1rs242997, rs2721195 and rs6885307), summary data for the
same SNPs were retrieved through MR-Base platform.

Statistical analysis

Several MR approaches were used to investigate MR
estimates of AFB for LC. First, a random effects Wald-
type estimator of inverse-variance weighted IVW) was
conducted to generate a MR estimate of multiple IVs.
Given that the SNP has a cumulative effect on AFB, the
IVW causal effect estimation can be combined with the

© Translational Lung Cancer Research. All rights reserved.

ratio estimate and standard error of a single SNP using
the method of Burgess ez a/. (33). All previous hypotheses
are assumed to be consistent with the previously described
genetic variant p (p = 1 ... P); which is link to the mean
change in AFB (X)) of the risk factor observed with each
other variant allele with standard error (oy,) and observed
logarithmic change (Y)) in the results of each allele with
standard error (oy;). The calculation is as follows:

. X Yo, . 1
Bow=<r—o3—55 selBw )= |<r o7 1
ww ;il X,,ZO'YI, 2 ( JVW) ;’;1 szo_yp 2 [1]

Using 4, and S@(ﬁw) , we presented the results
as OR and 95% confidence intervals (CI). Second, the

weighted median estimator was conducted which enabled
us to find the weighted empirical distribution function out
for all the selected SNPs ration estimates. Weighted median
is able to provide a consistent estimate of causality, even if
up to 50% of the information useful for the analysis comes
from genetic variants that are invalid IVs, it can also ensure
that the causal effect estimate is not biased (34). Third, a
MR-Egger estimator was employed which assumes that
the SNP-exposure effects are not involved with directional
pleiotropy (35). Same analyses were additionally performed
for two different histological subtypes of NSCLC, including
the squamous cell lung cancer (LUSC) and LUAD.

Transl Lung Cancer Res 2021;10(4):1720-1733 | http://dx.doi.org/10.21037/tler-20-1216



1724

Peng et al. Age at first birth and lung cancer

Table 3 Details of studies included in Mendelian randomization analyses for potential risk factors evaluation that might mediate the association

between age at first and lung cancer

Trait First author Consortium Study participants  Population Year PubMed ID
Former vs. current smoker Furberg TAG 41,969 European 2010 20418890
Ever vs. never smoked Furberg TAG 74,035 European 2010 20418890
Age of smoking initiation Furberg TAG 47,961 European 2010 20418890
Cigarettes smoked per day Furberg TAG 68,028 European 2010 20418890
Body mass index Locke AE GIANT 322,154 European 2015 25673413
Triglycerides Willer CJ GLGC 177,861 European 2013 24097068
Total cholesterol Willer CJ GLGC 187,365 Mixed 2013 24097068
Alcohol drinker status: previous  Neale Neale Lab 336,965 European 2017 10894596
Alcohol drinker status: never Neale Neale Lab 336,965 European 2017 10894596
Years of schooling Rietveld CA SSGAC 101,069 European 2013 23722424
Waist-to-hip ratio Shungin D GIANT 224,452 Mixed 2015 25673412
Type 2 diabetes Xue A NA 655,666 Mixed 2018 30054458

TAG, Tobacco and Genetics consortium; GIANT, Genetic Investigation of ANthropometric Traits consortium; GLGC, Global Lipids Genetics

Consortium; SSGAC, Social Science Genetic Association Consortium.

Presented as OR and 95% CI, the results provided an
estimate of relative risk resulted from number unit (1 year)
increase/decrease on AFB.

Since our chosen SNPs were selected at the genome-wide
significance threshold of P<5x10™ and the F-statistics was
4,802.59 (>10), the first assumption was met. We conducted
MR-Egger and weighted median methods to test for the
second assumption indirectly. For sensitivity analysis, we
obtained potential pleiotropic effects from the MR-Egger
analysis based on the intercept. The MR Pleiotropy Residual
Sum and Outlier (MR-PRESSO) test was applied to identify
the potential horizontal pleiotropic effects of the SNPs
to detect and correct for possible outliers. Leave-one-out
analysis was conducted to evaluate whether the estimation
of MR was determined or biased by a SNP separately by
successively omitting a single SNP. Aiming at verifying the
third assumption, we employed additional MR analyses to
investigate whether genetic susceptibility towards AFB could
be related to the common risk factors of LC. For example,
smoking is a leading LC risk factor, which is associated with
about 80%-90% of LC around the world (36). We obtained
genetic effects on cigarette smoking status (former vs. current
smoker; ever vs. never smoked; age of smoking initiation;
cigarettes smoked per day) from the Tobacco and Genetics
consortium (TAG) (37). Sundermann et a/. reported that
during pregnancy, alcohol consumption is associated with

© Translational Lung Cancer Research. All rights reserved.

an increased risk of dose-mediated miscarriage and might
further lead to older age of pregnancy (38). Simultaneously,
epidemiological evidence suggested that alcohol consumption
is correlated with an increased LC risk (39). Therefore,
alcohol consumption is a potential confounder of the
AFB-LC relationship. Genetic summary data on alcohol
consumption status (previous vs. never) were extracted from
the Neale Lab. In addition, based on existing literature, we
selected the potential mediators (apart from smoking and
alcohol consumption), such as lipids and body mass index
(BMI), the genetic instruments of which were obtained from
the Global Lipids Genetics Consortium (GLGC) and the
Genetic Investigation of ANthropometric Traits consortium
(GIANT) (40-43) (lable 3). We also chose other traits that
genetically overlap with AFB (years of schooling, type 2
diabetes and waist-hip ratio), which were also correlated with
risk of LC, to perform additional MR analyses (28,44,45).
The genetic data were obtained from Social Science Genetic
Association Consortium (SSGAC) and GIANT, respectively.
All of the MR analyses were performed in R (version 4.0.2)
using the package TwoSampleMR (version 0.5.4) 27).

Power calculation

Assuming that the SNPs explain 15% of the total variation
of AFB according to previous reports, our sample size of

Transl Lung Cancer Res 2021;10(4):1720-1733 | http://dx.doi.org/10.21037/tler-20-1216
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Number unit increase of AFB OR (95% ClI) p-value
Lung cancer overall  ®—4 0.82 (0.69, 0.97) 0.029
Lung adenocarcinoma Fe— 0.75 (0.59, 0.97) 0.017
Squamous cell lung cancer F—e—¢ 0.77 (0.57,1.05) 0.103
Number unit decrease of AFB
Lung cancer overall H—e— 1.19 (0.96, 1.48) 0.113
Lung adenocarcinoma ~ F—Te— 1.10 (0.78, 1.55) 0.575
Squamous cell lung cancer H—— 1.32 (0.94, 1.84) 0.104
) T 1
0.5 1.0 1.5 2.0

Figure 2 Inverse-variance weighted estimates for the correlation of age at first birth with risk of lung cancer overall, lung adenocarcinoma

and squamous cell lung cancer.

113,48 L.C cases and 15,861 controls had an estimated
100.0% power for detecting the causal effect size of AFB
(OR =0.68) (15) at a level of significance (P=0.05) (46)
(Table 1). Alternatively, given our sample size, we have
99.0% power for detecting a minimal odds ratio of 1.15 at a
level of significance (P=0.05) (17).

Results
Causal effect from AFB to LC

Genetically predisposed older AFB was correlated with
significantly lower LC risk. Conventional IVW method
demonstrated that number unit (1 year) increase of AFB
was correlated with a 18% lower LC risk (OR =0.82, 95%
CI: 0.69-0.97, P=0.029) (Figure 2). Using MR-Egger
(OR =0.57, 95% CI: 0.04-8.00, P=0.700) and weighted
median method (OR =0.84, 95% CI: 0.68-1.03, P=0.088),
the causality estimation was similar in accordance with
direction and magnitude. Similar causal trends were
observed in LUAD subgroup (OR =0.75, 95% CI: 0.59-
0.97, P=0.017) but not in LUSC subgroup (OR =0.77,
95% CI: 0.57-1.05, P=0.103) (Zable 4). In regard to single
SNP analysis, rs10056247 was observed to associate with a
lower LUSC risk (Table S2). No association was observed
between number unit (1 year) decrease of AFB and LC (OR
1.19, 95% CI: 0.96-1.48, P=0.113), neither in LUAD (OR
=1.10, 95% CI: 0.78-1.55, P=0.575) nor LUSC subgroup
(OR 1.32, 95% CI: 0.94-1.84, P=0.104) (Tible 4). Through
MR-Egger regression analysis, we found that there was no
evidence for the presence of directional pleiotropy since
the p-values for the intercept were large and the adjusted
estimates of pleiotropy were invalid (7able 5, Table S3). In

© Translational Lung Cancer Research. All rights reserved.

addition, using the MR-PRESSO global test, we did not
detect any outlier SNPs or the horizontal pleiotropic effect
of AFB on risk of any outcomes (P=0.412). Heterogeneity
was not observed (Table 5, Table S4). No single SNP was
found to strongly drive the overall effect of AFB on LC
through leave-one-out sensitivity analysis (Figures S1-S6).

Causal effect from AFB on potential LC risk factors

Additional MR analyses in conventional IVW method
were applied to identify whether the association between
genetically predisposed AFB and LC was influenced by
potential confounders and mediators. IVW method provided
evidence that genetically predisposed number unit (1 year)
increase in AFB was causally associated with longer years
of schooling (OR =1.12, 95% CI: 1.08-1.16, P<0.001),
lower BMI (OR =0.93, 95% CI: 0.88-0.98, P=0.004) and
less alcohol consumption (OR =0.99, 95% CI: 0.99-1.00,
P=0.004) while it provided no evidence for the relationship
between AFB and smoking status, triglycerides, type 2
diabetes and total cholesterol (Zible 6, Table S5).

Discussion

This two-sample MR analysis gave evidence of causality
between genetically predisposed number unit (1 year)
increase of AFB and a reduced risk of LC. More specifically,
1 year older of AFB predicted a lower risk of LUAD by
almost a quarter. In addition, to investigate the potential
mechanisms mediating AFB to LC risk, we found that genetic
inclination towards older AFB was correlated with long years
of education, lower BMI and less alcohol consumption.
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Table 4 Mendelian randomization estimated the effects of age at first birth on lung cancer risk including histological subtypes

Peng et al. Age at first birth and lung cancer

Exposure Outcome Method OR (95%Cl) P value
Number unit increase of AFB Lung cancer overall IVW 0.82 (0.69-0.97) 0.029
MR-Egger 0.57 (0.04-8.00) 0.700
Weighted median 0.84 (0.68-1.03) 0.088
Lung adenocarcinoma VW 0.75 (0.59-0.97) 0.017
MR-Egger 0.24 (0.01-14.41) 0.532
Weighted median 0.77 (0.57-1.04) 0.091
Squamous cell lung IVW 0.77 (0.57-1.05) 0.103
MR-Egger 0.75 (0.01-197.81) 0.923
Weighted median 0.90 (0.65-1.25) 0.532
Number unit decrease of AFB Lung cancer overall IVW 1.19 (0.96-1.48) 0.113
MR-Egger 1.52 (0.30-7.70) 0.665
Weighted median 1.20 (0.93-1.54) 0.162
Lung adenocarcinoma IVW 1.10 (0.78-1.55) 0.575
MR-Egger 2.93 (0.18-47.42) 0.528
Weighted median 1.17 (0.76-1.79) 0.469
Squamous cell lung VW 1.32 (0.94-1.84) 0.104
MR-Egger 1.35(0.11-16.41) 0.837
Weighted median 1.32 (0.91-1.92) 0.140

AFB, age of first birth; IVW, inverse-variance weighted.

Table 5 MR-Egger regression and heterogeneity analysis of the associations between age at first birth and lung cancer including histological

subtypes
Heterogeneity P MR-Egger regression
Outcome
MR-Egger VW Intercept Intercept P

Number unit increase in AFB

Lung cancer overall 0.738 0.841 0.0324 0.803

Lung adenocarcinoma 0.980 0.981 0.1037 0.612

Squamous cell lung cancer 0.104 0.174 0.0031 0.991
Number unit decrease in AFB

Lung cancer overall 0.948 0.979 -0.0207 0.797

Lung adenocarcinoma 0.291 0.382 -0.0840 0.559

Squamous cell lung cancer 0.998 1.000 -0.0018 0.988

IVW, inverse-variance weighted; AFB, age of first birth.

Actually, the genetic architecture of AFB is closely
relevant to health, human development, psychiatric disorders
and so on (47-49). Considered as a relatively precise means

for measuring complex reproductive outcomes, AFB is
frequently recorded as key parameter for forecasting
population. Evidence suggests that heritability accounts for
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Table 6 Causal effects from number unit increase of age at first birth to common lung cancer risk factors

Outcomes

Causal effect (95% Cl) P value

Former vs. current smoker
Ever vs. never smoked

Age of smoking initiation
Cigarettes smoked per day
Body mass index
Triglycerides

Total cholesterol

Alcohol drinker status: previous
Alcohol drinker status: never
Years of schooling
Waist-to-hip ratio

Type 2 diabetes

1.01 (0.99-1. 03)
1.10 (0.92-1.30)
0.94 (0.81-1.10)
0.52 (0.24-1.12)
0.93 (0.88-0.98)
0.95 (0.91-1.00)
1.01 (0.95-1.08)
0.99 (0.99-1.00)
1.00 (1.00-1.01)
1.12 (1.08,1.16)

0.97 (0.90,1.03)

0.89 (0.74,1.06)

0.310
0.292
0.463
0.094
0.004
0.051
0.666
0.004
0.368
<0.001
0.318
0.187

up to 50% for reproduction behaviors like AFB and NEB,
implying that the genetic component plays an important
role (50). Tropf FC’s findings put down 15% of the variance
in AFB to common genetic variants (46). Moreover, they
also found that AFB is positively correlated with age at
menarche, voice breaking, education attainment and so
on genetically. In contrast, more alleles correlated with
increased AFB is relevant to a lower genetic risk of smoking,
obesity and diabetes. Consequently, genetic component
consists a relatively large part of AFB and the genetic effects
are important in many aspects. Nevertheless, we should also
notice that AFB is mainly determined by social factors and
the genetic effects are unlikely to be independent of them.
In fact, reproductive factors involvement in LC incidence
has long been a concern. Nevertheless, findings pertaining
to the contribution of AFB towards LC risk have been rather
controversial. In 2003, Kreuzer and her colleagues identified
a significantly decreased risk of LC with increasing AFB
from a case-control study including 811 female LC cases
and 912 controls (14). Moreover, the results were presented
for SCLC, LUAD and LUSC for smokers, but not for non-
smokers. This inverse association was later supported by
a prospective cohort study (89,835 Canadian women and
750 LC incident cases) which indicated that women’s AFB
older than age 30 were at a 32% lower risk compared with
women’s AFB below age 23 (15). In contrast, a prospective
NIH-AARP cohort (American Association of Retired
Persons) study involving 185,017 women and 3,512 LC
cases by Brinton et 4. did not report convincing evidence
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between late AFB and a decreased LC risk with adjustments
for smoking status, education, BMI and so on (51).
In 2015, with the Women’s Health Initiative clinical trials
including 161,808 postmenopausal women, Schwartz’s
findings supported a statistically significant relation between
older AFB and a lower risk of LC overall, and NSCLC
specifically. Nonetheless, the latest epidemiologic evidence
from a pooled analysis comprised of eight studies using data
from ILCCO (4,386 cases and 4,177 controls) demonstrated
a lack of association between AFB and LC (52).

However, considering the characteristics of their
observational design, several limitations existed. First,
given that BMI is considered to be a potential risk factor
of LC (45), none of studies have managed to control BMIL.
Consequently, a BMI-independent AFB-LC relation could
not be assessed effectively. Likewise, the incomplete control
for other confounding factors, including occupational
exposures, alcohol consumption and smoking status, might
contribute to the biased results. Second, most of the studies
failed to evaluate variation in effects according to histologic
subtypes and hence, it remains unclear which subtype of
LC is indeed correlated with AFB. Third, previous studies
mainly obtained information about reproductive history
based on questionnaires. Therefore, they could not rule
out the possibility of bias caused by inaccurate recall. More
importantly, to date, no prospective large-scale longitudinal
cohort studies have been conducted and thus, present
studies could not provide adequate evidence on the causal
relationship from AFB to LC.
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As far as we know, our study described the association
between AFB and risk of LC by means of MR for the first
time. Interestingly, the correlation between AFB and LC
risk might be mediated by many intermediate phenotypes.
Previous researches suggested that early AFB is related
to lower social class and less education (53). People with
older AFB tend to complete longer years of education
and usually lead a healthier lifestyle than those with lower
social class and less education, i.e., less smoking, less
alcohol consumption and a healthy BMI (18.5-24.9 kg/m’)
(54-56). Our further detailed analysis provided evidence
that older age of giving first birth led to a reduced risk of
alcohol consumption. Given that alcohol consumption is
identified as a high-risk factor of LC and is correlated with
AFB, it might be a potential mediator on the AFB-LC
pathway (38,39). However, based on the characteristics of
the data we utilized, stratified analysis concerning alcohol
consumption was infeasible. Moreover, our study confirmed
that older age of giving first birth was associated with a
lower BMI. Further studies elucidating the exact degree
of the mediating effect are warranted. Late AFB was also
causally associated with longer years of education. Given
Zhou et al. reported high education attainment, mainly
considered as a social factor, is a causal protective factor in
the development of LC, it might be a key mediator on the
AFB-LC pathway (57).

According to the data established by International
Agency for Research on Cancer (WHO) in 2018, the
global averaged incidence age-standardized incidence rate
(ASIR) was 14.6 (per 100,000) for LC in females and the
estimated deaths were 600 thousand (58). During the past
few decades, the incidence rates for new LC diagnoses in
males declined gradually whereas a tendency to increase
in females was observed globally (59,60). Female LC is
more prevalent in the developed regions like in Western
and Northern Europe, followed by Northern America and
Australia. For instance, in Europe, the female LC incidence
has been climbing since 21st century and now is the second
most common cancer after breast cancer (61). Developing
countries like China also faces heavy disease burden of LC
since the ASIR was 23.5 (per 100,000) and age-standardized
mortality rate (ASMR) was 16.5 (per 100,000) in female
population (62).

The etiology of female LC has been the research focus
in recent years. Specifically, evidence concerning the
susceptibility to developing LC in women was incompletely
defined. Studies from Europe showed that only 47% of
female LC cases were a consequence of cigarette smoking
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and the proportion in male were 85% (63). Subsequent
studies also demonstrated a higher incidence rate of LC
in non-smoking women compared with non-smoking
men (64). Among never-smoking women, exposure to
biomass fuel and cooking were common and possibly
responsible for an increased risk of LC (65). Other air
pollutants like particulate matter 2.5 (PM2.5) were
associated with approximately 18% of LC deaths in women
in China (66). The role of second-hand smoke (SHS)
exposure is also being highlighted with the emerging
evidence (67,68). Nevertheless, since counting the intensity
of SHS is challenging, more studies still need to be done to
confirm the positive association.

Possible mechanisms for intrinsic predisposition of LC
in women are as follow. A higher frequency of P53 gene
mutation, considered as a crucial factor in the incubation
of LC, was examined in female LC patients than male (69).
Later studies further confirm that the frequency of P53 gene
mutation was higher in smokers than non-smokers among
women (70). In addition, a large-scale and prospective study
found that LUAD in women were more likely to harbor
K-ras mutation after controlling for asbestos exposure and
smoking. The results also implied a potential role of estrogen
exposure in the initiation of K-ras mutant clones (71). In
2012, a large-scale GWAS containing 5,510 never-smoking
female LC cases and 4,544 controls identified three new
susceptibility loci for LC at 6q22.2, 6p21.32 and 10q25.2 (72).
Moreover, significantly reduced DNA repair capacity in
women compared with men was reported, possibly increasing
the risk of LC (73,74). Gastrin-releasing peptide (GRP)
has been shown to play a crucial role in carcinogenesis by
promoting cell proliferation and epithelial differentiation.
Meanwhile, GRP receptor gene is observed to be activated
earlier and express more frequently in women than men in
response to tobacco exposure, suggesting it may be an agent
in increasing the susceptibility in women of LC (75).

With respect to estrogen, it is postulated as a vital factor
in the formation of female LC. 17-B-estradiol, the most
potent form of estrogen, can promote adenocarcinoma
cells in vitro (76). Scientists found that elevated expression
of ERP was associated with a higher frequency of EGFR
mutations (77). Higher levels of estrogen were also found
to be connected with worse survival in premenopausal
women (78). Studies showed that aromatase can also
have an influence in carcinogenesis of LC by means of
the conversion of androgen to estrogen locally (79). Lim
et al. reported the COMT rs4680 A allele, considered as
the estrogen pathway gene polymorphism, was positively
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correlated with LC in non-smokers (80). The above-
mentioned findings regarding the role of estrogen may raise
the question that whether hormone replacement therapy
can contribute to LC development but the answers are still
conflicting (81-83).

Notably, our MR study showed that the causal effect in the
LUAD group were more significant than the effect in LUSC
group. This phenomenon might be associated with the
involvement of gender-dependent factors, such as hormonal
factors and reproductive factors (84). Steroid hormone-
related receptors, including ER, PR and human EGFR-2,
have been shown to frequently express in tumour tissue of
lung (9). Among sex steroids, progesterone is the second-
most common female steroid hormone, which is involved in
various of metabolic and physiological changes throughout
life, such as pregnancy, puberty and menstrual cycle (85).
It is well known that progesterone is capable to facilitate
differentiation and inhibit cellular proliferation through
the PR (86). Recent advances in progesterone biology
further demonstrated that the growth inhibition mediated
by progesterone was mainly preceded by downregulating
the expression of cyclins A, and E and/or upregulating the
expression of cyclin-dependent kinase inhibitors, like p21 and
p27 (87). Additionally, several investigators revealed that PR
was likely to be an effective prognostic factor in NSCLC and
a possible target for progesterone therapy among NSCLC
patients (88). Consequently, the progesterone might inhibit
the cellular proliferation of tumor cells through combination
with the PR in lung tissue and contribute to suppressing the
progression of LC (89). However, in vitro, in vivo and clinical
data concerning the role of progesterone on the progression
of LC are relatively rare and further studies are warranted.

Given the relatively long latency between AFB and
LC, it might be infeasible to investigate the causality by
means of RCTs. In this regard, our study is capable to
give evidence from a novel type of study design, the MR
approach, which also supports the causality between AFB
and LC. Our analysis presents several important strengths.
First, as far as we know, it is the largest study to investigate
the causal relationship between AFB and risk of LC using
genetic variants. With large sample sizes (n=27,209) and
robustly associated IVs (F statistics =4,802.59), our MR
study with adequate statistical power (100%) could offer a
relatively precise estimation of causal effect. It is also the
first to elucidate whether effects differed between subgroups
stratified by histology subtypes. Second, we performed
additional MR analyses to identify potential risk factors that
could mediate the correlation between AFB and LC. The
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results indicated that genetically predisposed number unit
(1 year) increase in AFB was associated with longer years of
schooling, less alcohol consumption and lower BMI, which
deserved our further investigation.

Several limitations in our study could not be ignored.
First, all the participants included in our study were of
European origin. Consequently, whether our findings can
extend to other regions and populations remains uncertain.
Second, though we’ve used the most comprehensive set of
genetic variants so far, it merely explained a part of variance
of AFB across individuals. It is possible that some unknown
AFB-related SNPs could also play an important role in the
progression of LC. Second, all three MR assumptions could
not be fully verified in our study and potential violations
against the assumptions may occur. Due to the fact that
the second assumption cannot be tested directly in our
study, additional sensitivity analyses were carried out. No
horizontal pleiotropic effects were presented in our study,
suggesting the second MR assumption was not violated.
Moreover, due to the characteristics of data from consortia,
to fully assess the third assumption is impossible. Moreover,
despite that we have made endeavor in eliminating the bias
by adjustments for confounders, including LC risk factors
and factors genetically overlap with AFB, these confounders
cannot be directly compared and unobserved confounders
may still have an effect on AFB-LC relationship given
the differences in the methodological approaches and
interpretation of estimates. Further work using individual-
level data which have not yet been discovered may provide
more robust evidence for understanding the mechanisms
underlying AFB to LC. Notably, despite that we found late
AFB is associated with a reduced LC risk, we could not
conclude the optimum AFB since it is also concerned with
various risk factors like cardiovascular disease, stillbirth
and so on, which are important for women’s subsequent
health and survival (90-92). Hence, researchers need to be
cautious in interpreting our findings. Lastly, considering
the summary data utilizing for our MR approach, stratified
analyses by covariates of interest, including smoking,
alcohol consumption, age and so on are infeasible.

In brief, our MR study provided relatively strong
evidence to suggest that older AFB plays a causal role in
decreasing the risk of LC, LUAD specifically. There is no
doubt that cancer prevention is the key to reducing the
morbidity and mortality of cancers. Consequently, we ought
to attach great importance to identifying more modifiable
risk factors correlated with cancers. Afterwards, we are
able to conduct effective interventions to lower the disease

Transl Lung Cancer Res 2021;10(4):1720-1733 | http://dx.doi.org/10.21037/tler-20-1216



1730

burden worldwide, especially in developing countries. In
present, both epidemiologic and basic studies concerning
the effects of reproductive factors on LC are relatively
insufficient. More studies investigating the potential
mechanisms that mediate the association between AFB and
LC are warranted.
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