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Abstract 

Background  Lung cancer is the leading cause of cancer mortality among Chinese females despite the low smoking 
prevalence among this population. This study assessed the roles of reproductive factors in lung cancer development 
among Chinese female never-smokers.

Methods  The prospective China Kadoorie Biobank (CKB) recruited over 0.5 million Chinese adults (0.3 million 
females) from 10 geographical areas in China in 2004–2008 when information on socio-demographic/lifestyle/envi-
ronmental factors, physical measurements, medical history, and reproductive history collected through interviewer-
administered questionnaires. Cox proportional hazard regression was used to estimate adjusted hazard ratios (HRs) 
of lung cancer by reproductive factors. Subgroup analyses by menopausal status, birth year, and geographical region 
were performed.

Results  During a median follow-up of 11 years, 2,284 incident lung cancers occurred among 282,558 female never-
smokers. Ever oral contraceptive use was associated with a higher risk of lung cancer (HR = 1.16, 95% CI: 1.02–1.33) 
with a significant increasing trend associated with longer duration of use (p-trend = 0.03). Longer average breastfeed-
ing duration per child was associated with a decreased risk (0.86, 0.78–0.95) for > 12 months compared with those 
who breastfed for 7–12 months. No statistically significant association was detected between other reproductive 
factors and lung cancer risk.

Conclusion  Oral contraceptive use was associated with an increased risk of lung cancer in Chinese female never-
smokers. Further studies are needed to assess lung cancer risk related to different types of oral contraceptives in simi-
lar populations.
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Introduction
In China, lung cancer is the second most commonly diag-
nosed cancer among females and the leading cause of 
cancer-related mortality in both sexes [1]. The high inci-
dence and mortality rates among Chinese males could 
be largely explained by the high prevalence of tobacco 
smoking among them [2, 3]. However, smoking is rare in 
Chinese females (< 5%) and is expected to reach 1.9% in 
2025 [2–4]. Possible roles of environmental exposure to 
second-hand tobacco smoke, and household and outdoor 
air pollution have been suggested in studies in China [5–
9]. However, these findings did not fully explain the rela-
tively high risk of lung cancer among Chinese females.

The sex differences in lung cancer risk and prognosis 
are well documented with studies suggesting a higher 
risk of lung cancer among females at any given tobacco 
smoke exposure compared to males [10]; hence, ques-
tions have been raised on the possible role of oestrogen 
and other hormonal factors in lung cancer development 
and survival [11–13]. Existing evidence on the associa-
tion of reproductive factors (as proxies of endogenous 
oestrogen exposure) with the risk of lung cancer has been 
inconclusive [14–17]. Similarly, inconsistency charac-
terised the findings from observational studies on exog-
enous hormone exposure, including oral contraceptive 
(OC) and hormonal replacement therapy [18–23], with 
some reported variations by geographical region and 
smoking status [24, 25]. Findings from randomised con-
trol trials with a relatively small number of cases (< 200) 
suggested a higher risk of lung cancer mortality associ-
ated with hormonal therapy use but no association with 
the risk of lung cancer diagnosis [26, 27].

Most previous studies on reproductive factors and the 
risk of lung cancer among Chinese females were limited 
by small sample sizes (< 1000 participants), short follow-
up duration (< 5 years), restricted to a single geographi-
cal region in the country or focused only on mortality 
[13, 28–30]. The present study utilised data from China 
Kadoorie Biobank (CKB), a population-based prospective 
cohort with > 300,000 Chinese females recruited from ten 
geographical regions in China, to assess the associations 
of reproductive characteristics with incident lung cancer 
risk among Chinese female never-smokers.

Methods
Study design and setting
The CKB is an ongoing population-based prospec-
tive cohort study, and details of the study design, 
methods and participant characteristics have been pub-
lished previously [31, 32]. Briefly, the study recruited 
512,715 Chinese adults (including 302,522 females) 
aged 30–79 years from five urban and five rural areas in 
China between June 2004 and July 2008. Extensive data 

collection was conducted at baseline via interviewer-
administered questionnaires, which gathered informa-
tion on socio-demographic, lifestyle and environmental 
factors (including duration, amount and frequency of 
tobacco smoking), medical history, and reproductive 
history for females. Trained staff collected blood sam-
ples and performed physical measurements (e.g. height, 
weight, lung function) following standardised protocols. 
Three resurveys were conducted in random samples of 
4–5% of the surviving participants in 2008, 2013–2014, 
and 2020–2021. Ethical approvals were obtained from 
the Oxford Tropical Research Ethics Committee at the 
University of Oxford (Oxford, United Kingdom) and the 
Ethical Review Committee of the Chinese Centre for Dis-
ease Control and Prevention (CDC), Beijing, China. All 
participants provided written informed consent upon 
recruitment.

Assessment of female reproductive factors
Self-reported information on female reproductive his-
tory was collected at baseline, including age at menarche, 
numbers of pregnancies, spontaneous or induced abor-
tions, stillbirths and live births, age at birth and breast-
feeding duration for each live birth, OC use, duration of 
use, OC starting age, menopausal status, age at meno-
pause (for postmenopausal females), and history of hys-
terectomy and oophorectomy. For each post-menopausal 
female, the reproductive period was calculated as the 
duration between age at menarche and age at menopause.

Follow‑up and outcome definitions
Monitoring participants’ vital status was conducted by 
regularly screening official residential records and death 
certificates available from the regional CDC. Cancer inci-
dence was ascertained through linkages to established 
cancer registries and national health insurance data-
bases (covering ~ 98% of the study participants) using 
their unique national identification numbers. All events 
were coded by trained staff blinded to baseline data fol-
lowing the International Classification of Diseases, 10th 
Revision (ICD-10) [33]. The primary outcome of interest 
in the present study was incident lung cancer (ICD-10: 
C33-C34).

Statistical analysis
Among 302,522 females recruited at baseline, after 
excluding ever smokers (defined as occasional smokers 
who had not completely stopped smoking for at least 6 
months before baseline, those who had smoked ≥ 100 
cigarettes but had quit smoking by choice for ≥ 6 months 
before baseline and regular smokers, n = 15,330); par-
ticipants with a prior history of any cancer (n = 1,518); 
and participants who reported having been ever oral 



Page 3 of 11Elbasheer et al. BMC Cancer          (2024) 24:384 	

contraceptive users but reported 0 months as dura-
tion of use (n = 301), 285,373 females never-smokers 
(individuals who had smoked < 100 cigarettes during 
their lifetime [34]) remained. To reduce any influence of 
extreme values, females in the top and bottom 0.1% of 
age at menarche, age at first live birth and age at meno-
pause were further excluded from the analysis (n = 2,171). 
In addition, the top 0.1% (n = 644) were excluded for 
the number of pregnancies and breastfeeding per child. 
There were no missing data in the remaining variables 
included in the analysis except for family history of any 
cancer (n = 10,098), which was assigned into a separate 
category in the subsequent analyses. Cohen’s kappa (κ) or 
Spearman correlations were used to assess the agreement 
between reported exposures at baseline and subsequent 
resurveys.

The categorisation of the exposure variables was per-
formed in accordance with previous studies [35, 36], 
where appropriate, with some regrouping done based on 
the frequency distribution of specific variables as follows: 
age at menarche (< 13, 13–14, 15–16, > 16 years), num-
ber of pregnancies (never pregnant, 1–2, 3–4, > 4), parity 
defined as the total number of live births and stillbirths 
(nulliparous, 1, 2, 3–4, > 4 births), age at first birth (< 20, 
20–22, 23- 25, > 25 years), average breastfeeding dura-
tion per child (never breastfed, < 7, 7–12, > 12 months), 
OC use (ever, never), duration of use (never users, ≤ 5 
and > 5 years), age at starting using OC (never users, ≤ 25 
and > 25 years old), menopausal status (pre- and peri-
menopausal, postmenopausal), age at menopause (< 43, 
43–52, > 52 years), total reproductive period (< 30, 30- 
35, > 35 years), history of oophorectomy (yes, no) and his-
tory of hysterectomy (yes, no).

Crude incidence rates of lung cancer were calculated by 
categories of each reproductive factor. Cox proportional 
hazard regression was used to estimate hazard ratios 
(HRs) and 95% confidence intervals (CIs) of incident 
lung cancer by each reproductive factor reported at base-
line with age as the underlying time scale, and individu-
als were considered at risk from the age at study entry. 
The models were sequentially adjusted for the following 
covariates: age (years), study area (10 areas), occupation 
(agriculture and related workers, factory workers, admin-
istrative/technical/service workers, retired/unemployed, 
housewives, others), highest attained education (no 
formal schooling, primary school, middle school, high 
school, technical school/college/university), log-height 
and log-weight, physical activity calculated in metabolic 
equivalent of tasks (METs-h/day), family history of any 
cancer (yes, no, missing), personal history of lung dis-
ease including TB, COPD and asthma (yes/no) alcohol 
drinking (never/ever regular drinkers), frequency of 
environmental tobacco smoking exposure (never/almost 

never, < once/week, 1-2days/week, 3-5days/week, daily/
almost daily), exposure to heating fuel during winter (no 
heating, coal, wood, central heating/gas/electricity/oth-
ers) and cooking fuel (never/no cooking facility, coal, 
wood, gas/electricity/others). To assess for trend, cate-
gorical variables were entered into the model as numeric.

Additional analyses were conducted by further adjust-
ing for age at menarche, the number of pregnancies, OC 
use, age at menopause, and history of oophorectomy or 
hysterectomy. The analysis of age at first birth and breast-
feeding per child was conducted among parous females 
only (n = 279,107), while the analysis of age at menopause 
and reproductive period was restricted to postmenopau-
sal females at the study baseline (n = 143,890). Breast-
feeding was additionally grouped into three groups: 
never breastfed, ≤ 12 and > 12 months, to ensure compa-
rability with subsequent subgroup analysis.

Subgroup analyses and likelihood ratio tests for inter-
action were conducted for child-bearing factors and OC 
use among subgroups defined by menopausal status, year 
of birth (before 1950/in or after 1950, a cut-off selected 
to investigate the impact of the one-child policy, assum-
ing that females who were born after 1950 have reached 
childbearing age by the time of the policy implementa-
tion), and area (rural/urban). To maintain a sufficient 
number of cases in each category, never-pregnant and 
nulliparous females were excluded from the subgroup 
analysis, parity was regrouped into (1–2, 3–4, > 4 births), 
and average breastfeeding per child regrouped into 
(≤ 12, > 12months).

Sensitivity analyses were conducted by restricting the 
analysis to never-alcohol drinkers, never-oral contracep-
tive users, and those with no prior history of major lung 
diseases at baseline (TB, COPD and asthma). All analy-
ses were performed using Stata/SE software version 16.1 
(StataCorp, College Station, TX), and figures were plot-
ted using R software version 3.3.2. We considered p-val-
ues < 0.05 as evidence of an association.

Results
A total of 282,558 Chinese female never-smokers were 
included in this study. The median age of participants 
was 51 years (IQR: 42–58 years), and the majority were 
married (Table  1). Approximately 10% used OC, 50% 
were postmenopausal at baseline and had a median 
menopause age of 49 years (IQR: 46–51 years). Most of 
the study participants (97%) breastfed their babies, with 
a median duration of 12 months. In comparison to pre/
perimenopausal females, postmenopausal females were 
more likely to be housewives, have no formal education, 
were less likely to be physically active or alcohol drink-
ers, had a higher median age at menarche, and higher 
averages of number of pregnancies and live births. In 
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addition, postmenopausal females were more likely to 
have had an oophorectomy or hysterectomy, report hav-
ing poor self-rated health, a family history of cancer and 
a personal prior history of lung disease.

Lung cancer cases were, on average, older, less likely 
to be physically active or married, more likely to live in 
rural areas, be housewives, have no formal education and 
report being postmenopausal at baseline (Supplementary 
Table  1). Compared to non-cases, they were also more 
likely to have been oral contraceptive users, to have had 
an ovary removed or a hysterectomy, to have poor self-
rated health, a family history of cancer, or a personal his-
tory of lung disease.

Among 12,014 and 15,570 females interviewed in 
the first and second resurvey, respectively, agreement 
between the baseline and resurveys’ measures was high 
for most reproductive factors considered. For the binary 

variables, the agreement ranged from 87.4% to 98.3% 
and 72.8% to 97.2%, while for the continuous variables, 
the Spearman correlation coefficient range was 0.69 to 
0.91 and 0.63 to 0.89 for the first and second resurveys, 
respectively. (Supplementary Table 2).

The median follow-up duration was 11 years (inter-
quartile range [IQR]: 10–12 years), during which 2,284 
(0.8%) developed lung cancer. Females who breastfed 
for more than one year per child had a lower risk of 
lung cancer (adjusted HR = 0.86, 95% CI: 0.78–0.95), 
compared to those who breastfed for 7–12 months; 
however, there was no evidence of a dose–response 
relationship with duration of breastfeeding (p- 
trend = 0.29), (Fig. 1). No substantial change in the rela-
tive risk was observed when > 12 months duration was 
compared to ≤ 12 months duration (Supplementary 
Table 3). Compared with never-users, females who ever 

Table 1  Baseline characteristics of the China Kadoorie Biobank female never-smokers by menopausal status

a METs (metabolic equivalent of tasks), ETS (environmental tobacco smoke exposure)
b Clean energy includes gas, electricity, central heating, others
c History of lung disease includes TB, COPD and asthma

Pre/perimenopausal 
(n = 138,668)

Postmenopausal 
(n = 143,890)

Total (n = 282,558)

Age, years – median (IQR) 42.2 (38.7—46.5) 57.9 (53.6—64.3) 50.5 (42.4–58.1)

Married 95.8% 84.0% 89.8%

Rural resident 58.3% 52.1% 55.1%

Housewives 7.8% 23.1% 15.6%

Have no formal schooling 13.4% 36.0% 24.9%

Weight, kg – mean ± SD 155.7 ± 5.7 152.9 ± 5.8 154.3 ± 5.9

Height, cm – mean ± SD 57.4 ± 8.9 56.2.7 ± 9.8 56.8 ± 9.4

Physical activity, (METs-h/d)a – median (IQR) 22.1 (14.0—33.7) 13.4 (8.8—22.0) 16.9 (10.7–28.6)

Ever-alcohol drinker 39.8% 30.7% 35.2%

ETS exposure, daily/almost dailya 46.6% 37.3% 41.9%

Cooking fuel, clean energyb 44.3% 46.0% 45.2%

Heating fuel, clean energyb 20.8% 19.1% 19.9%

Age at menarche, years – mean ± SD 14.9 ± 1.7 15.9 ± 2.0 15.4 ± 1.9

No of pregnancies – median (IQR) 2 (2 -3) 4 (3 -5) 3 (2—4)

Parity – median (IQR) 1 (1—2) 3 (2—4) 2 (1—3)

Age at first live birth, years – median (IQR) 24 (22—25) 23 (20—25) 23 (21—25)

Ever breastfed 96.6% 97.9% 97.3%

Breastfeeding per child, months – median (IQR) 12 (10—18) 12 (12—19) 12 (11—18)

Ever-oral contraceptive use 9.7% 10.1% 9.9%

Duration of OC use, years, median (IQR) 2 (1—4) 2 (1—5) 2 (1—4)

OC use starting age, years, median (IQR) 25 (23—28) 27 (25—30) 26 (24—29)

Age at menopause, years – median (IQR) - 49 (46—51) 49 (46—51)

Reproductive period, years – median (IQR) - 33 (30—35) 33 (30—35)

Had oophorectomy 0.8% 2.1% 1.5%

Had hysterectomy 0.3% 7.3% 3.9%

Family history of cancer 15.5% 18.0% 16.8%

Poor self-rated health 8.3% 13.0% 10.7%

Personal history of lung diseasec 4.5% 9.3% 6.9%
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Fig. 1  Relative risks of lung cancer associated with reproductive factors. Models were adjusted for age, study area, occupation, education, 
log-height, log-weight, physical activity, family history of any cancer, personal history of lung disease, alcohol drinking, frequency of environmental 
tobacco smoke exposure, heating fuel during winter and cooking fuel. *Relevent to never users
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used OCs had a significantly higher risk of lung can-
cer (1.16, 1.02–1.33) with a significant increasing trend 
associated with longer duration of use (p-trend = 0.03) 
and suggestive evidence of higher risk associated with 
starting OC usage at a younger age, (Fig. 1).

Overall, there was no statistical evidence of an asso-
ciation of age at menarche, number of pregnancies, 
parity, age at first birth, age at menopause, duration of 
reproductive period (all p-trend > 0.05) or menopausal 
status, oophorectomy, and hysterectomy with risk of 
lung cancer. No substantial changes in the results were 
observed after mutual adjustment for age at menarche, 
number of pregnancies, oral contraceptive use, age at 
menopause, and history of oophorectomy or hysterec-
tomy (Supplementary Table 3).

In the subgroup analyses, there was some evidence 
that the association of the number of pregnancies with 
lung cancer may vary by menopausal status and year 
of birth (p-interaction = 0.01 and 0.03, respectively) 
(Figs. 2 and 3). The pattern of the association was posi-
tive among pre/perimenopausal females and those who 
were born in 1950 or later, and negative among their 
counterpart postmenopausal females and those who 
were born before 1950; however, no significant trend 
along with the number of pregnancies was observed 
among these groups. There was no evidence of effect 

modification of the remaining examined factors by 
menopausal status and year of birth.

There was a statistically significant interaction between 
breastfeeding and geographical area in relation to lung 
cancer (p-interaction = 0.04), with lower risk of lung 
cancer for breastfeeding for > 12 months only signifi-
cant in rural (0.82 [0.72—0.94]) but not urban residency 
(0.88 [0.78—1.00]) compared to those who breastfed 
for ≤ 12 months per child (Fig.  4). In addition, there 
was an inverse association of lung cancer with a higher 
number of pregnancies in urban but not rural areas 
(p-trend = 0.01).

There was no substantial change in the results of the 
associations of the number of pregnancies, parity, or age 
at first birth with risk of lung cancer after restricting the 
analysis to never-OC users, never-alcohol drinkers, and 
participants with no medical history of lung disease. 
However, there was some attenuation in the HR of lung 
cancer among OC users and the results were no longer 
significant after the exclusion of ever-alcohol drinkers. 
(Supplementary Table 4).

Discussion
Among 282,558 Chinese female never-smokers, OC use 
was associated with a higher risk of lung cancer, while 
breastfeeding > 12 months was associated with a lower 
risk compared to breastfeeding for 7–12 months. In 

Fig. 2  Adjusted hazard ratios of lung cancer according to childbearing factors by menopausal status. Models adjusted for age, region, occupation, 
education, log-height, log-weight, physical activity, family history of cancer, personal history of lung disease, alcohol drinking, frequency 
of environmental tobacco smoke exposure, heating fuel during winter, cooking fuel and oral contraceptive use
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Fig. 3  Adjusted hazard ratios of lung cancer according to childbearing factors by year of birth. Models adjusted for age, region, occupation, 
education, log-height, log-weight, physical activity, family history of cancer, personal history of lung disease, alcohol drinking, frequency 
of environmental tobacco smoke exposure, heating fuel during winter, cooking fuel and oral contraceptive use

Fig. 4  Adjusted hazard ratios of lung cancer according to childbearing factors by geographical regions. Models adjusted for age, region, 
occupation, education, log-height, log-weight, physical activity, family history of cancer, personal history of lung disease, alcohol drinking, 
frequency of environmental tobacco smoke exposure, heating fuel during winter, cooking fuel and oral contraceptive use
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addition, the association of risk of lung cancer with the 
number of pregnancies varied by menopausal status and 
year of birth, while the risk from breastfeeding varied by 
geographical area.

Existing literature on the association of OC use with 
lung cancer was inconsistent. Prospective studies among 
634,039 middle-aged females never smokers in the UK 
and 4,525,203 postmenopausal females in Korea found 
no evidence of association between the history or dura-
tion of oral contraceptive use and the risk of lung cancer 
[37, 38]. A pooled analysis of case–control and nested-
case control studies from the International Lung Cancer 
Consortium showed a lower risk of lung cancer compar-
ing former and current Asian OC users to never users 
[39]. In contrast, we found a higher risk associated with 
OC use among Chinese female never-smokers, with a 
significantly increasing trend associated with longer 
duration of use. These overall results were consistent 
with findings from a cohort of 107,171 postmenopau-
sal nurses in the US [40], although the association was 
not statistically significant among our postmenopau-
sal group, which might be due to its small size. A previ-
ous study on mortality among never-smokers in CKB 
(n = 814 lung cancer deaths) reported a significant trend 
of lung cancer mortality associated with duration of OC 
use with users for ≥ 10 years had almost twice the risk 
of developing lung cancer (1.97, 1.24–3.13) compared 
to never-users [13]. However, the latter study was lim-
ited by the very small number of cases among OC users 
(< 100). The attenuated and non significant HR of lung 
cancer among ever OC users in the sensitivity analysis 
after excluding ever alcohol drinkers may be due to the 
relatively small sample size after the exclusion of the lat-
ter group or residual confounding by alcohol.

Most CKB females breastfed their babies with a median 
duration of 12 months, and due to the very small number 
of women who had never breastfed, we could not assess 
the effect of ever breastfeeding versus never breastfeed-
ing. We also categorised the variable into four catego-
ries with 7–12 group months as the reference to enable 
a direct investigation of the implication of 6 months of 
breastfeeding, a more common practice in Western pop-
ulations. Numerous observational studies found no clear 
relationship between either history or duration of breast-
feeding and lung cancer [15, 30, 41–43], but a cohort 
study of 42,615  Japanese female never-smokers showed 
an inverse association of ever breastfeeding with non-
adenocarcinoma lung cancer (0.51, 0.28–0.92) compared 
to females who never breastfed [44]. Our study showed 
a lower risk associated with breastfeeding for more than 
one year compared to 7–12 months with no evidence of 
a dose–response relationship. No great difference in the 
relative risk among this group was observed when the 

risk was compared with those who breastfed for ≤ 12 
months. This association appears to differ by geographi-
cal region, with a decreased risk in rural areas and no 
significant association in urban settings. A difference in 
reproductive factors, including average breastfeeding 
duration among our study population by area, has been 
documented previously, with females in rural areas being 
more likely to breastfeed their babies and for a longer 
duration on average compared to their counterparts in 
urban areas [36]. These geographical differences might 
have contributed to the variation by area and resulted in 
a stronger association of breastfeeding with lung cancer 
in rural regions in the present study. However, a possible 
role of chance could not be ruled out.

Regarding other reproductive factors, two large pro-
spective cohort studies among females in the UK and 
South Korea reported no association between age at 
menarche, age at menopause, age at first birth, num-
ber of pregnancies, parity and reproductive period and 
the risk of lung cancer [37, 38], in consistency with 
our findings. On the other hand, higher and lower 
risk of lung cancer associated with childbearing fac-
tors, reproductive period, age at menopause, and type 
of menopause has been observed by studies among 
Asian populations and elsewhere [16–18, 28–30, 40, 
44, 45]. This inconsistency in the findings across stud-
ies could be attributed to many factors including dif-
ferent study designs, the limited sample size of many 
studies, residual confounding by age and smoking, and 
lack of adjustment for important confounders in some 
studies such as smoking, environmental tobacco smoke 
exposure, and socioeconomic factors. In addition to 
the differences in OC use and the underlying varia-
tion between populations in factors such as breastfeed-
ing habits and the classification of what is considered 
for instance as early or late age at menarche and age at 
menopause, and the contribution of these variations to 
the overall association.

Interestingly, the association of number of pregnan-
cies with lung cancer varied by geographical region, year 
of birth and menopausal status. An inverse association 
was found in urban residents, among those who were 
born before 1950 and postmenopausal females, while 
no significant association was found in their respective 
counterparts. These variations might be explained by 
biological changes such as lower oestrogen levels due to 
menopause. Our findings are in line with a pooled analy-
sis of case–control studies that reported variation in the 
association between parity, which is highly correlated 
with number of pregnancies, and risk of lung cancer by 
menopausal status with premenopausal females having 
increased risk associated with parity while no association 
among peri/postmenopausal females [15].



Page 9 of 11Elbasheer et al. BMC Cancer          (2024) 24:384 	

On the other hand, as the females born in or after the 
1950s reached childbearing age by the 1970s or later, the 
heterogeneity in lung cancer risk by year of birth might 
be explained by the introduction of the one-child policy 
in the late 1970s, other demographic and socio-economic 
factors including the great famines in 1958–61, economic 
development, and urbanisation during this time period 
[46]. In general, with significant regional variations, these 
political and socioeconomic changes resulted in striking 
changes in the reproductive characteristics and patterns 
among Chinese females such as a decrease in mean age at 
menarche, an increase in mean age at first birth, a sudden 
increase in spacing between births and a steady decline 
in parity since the 1950s [36, 46]. All this in return, might 
have contributed to the variations between the two birth 
cohorts in the association of number of pregnancies with 
lung cancer.

Experimental studies on animals showed that female 
mice are more sensitive to chemical carcinogens of the 
lung and that lung cancer development among females 
could be inhibited by ovariectomy, suggesting that sex 
hormones may play a role in lung carcinogenesis [10]. 
Furthermore, studies have shown that premenopausal 
females are more likely to have more advanced disease 
at presentation and poor survival than postmenopausal 
females [47, 48]. Findings also showed the expression of 
oestrogen receptor β in normal and cancerous lung tis-
sues and cell lines, suggesting the responsiveness of lung 
tissue to oestrogen stimulation [49, 50].  Overall, our 
findings supported the hypothesis regarding the poten-
tial involvement of sex hormones -particularly oestro-
gen- in lung carcinogenesis, as reflected by the increased 
risk associated with OC use, lower risks associated with 
a higher number of pregnancies among postmenopau-
sal females or females who breastfed their children for 
a longer duration, compared with their counterparts. 
Breastfeeding down-regulates oestradiol concentra-
tions with lactating females having considerably lower 
levels compared to non-lactating females [51]. In addi-
tion, a low level of circulating oestrogen metabolites 
among parous females compared to nulliparous has been 
reported previously [52]. The level of these metabolites 
was positively associated with time since last birth sug-
gesting that giving birth may enhance the down-regu-
lation of ovarian function and hence reduce cumulative 
exposure to free estradiol [52].

The strengths of this study include its prospective 
design, large sample size, long follow-up duration, and 
the detailed assessment of medical history, and life-
style and environmental factors that allowed taking into 
account important confounders. In addition to the wide 
range and the good reliability of self-reported repro-
ductive factors, which allowed accurate estimation of 

associations with risk of lung cancer among female 
never-smokers.

There are also some limitations in the present study. 
First, despite the large sample size, the number of cases 
was small in some subgroups, thus resulting in low sta-
tistical power to detect modest associations (if any) in 
some analyses. Second, the study did not assess the asso-
ciations between reproductive factors and the risk of dif-
ferent subtypes of lung cancer due to the current lack of 
complete histopathological data. Future studies on risk 
stratification by tumour subtype are recommended when 
the data become available. Third, the study also did not 
account for changes in menopausal status during follow-
up as some perimenopausal females may have reached 
menopause by the time of the development of the dis-
ease, and neither did it account for the type of OC and 
the changes in usage among premenopausal females. 
Finally, the role of chance in some of the results can-
not be ruled out and although major risk factors were 
adjusted, residual confounding may still exist.

In conclusion, based on this large Chinese female never 
smokers cohort, the present study showed a decreased 
risk of lung cancer associated with breastfeeding for 
a longer duration while an increased risk with OC use. 
Future studies are needed to assess the association of 
OC type with each tumour subtype, as well as to under-
stand the potential mechanisms underlying the observed 
associations.
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