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The relationship of lung cancer with menstrual
and reproductive factors may be influenced
by passive smoking, cooking oil fumes,
and tea intake
A case–control study in Chinese women
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Abstract
The aim of this study was to investigate the association of menstrual and reproductive factors with risk of lung cancer in women.
Potential etiological clues related to lung cancer in women are identified to inform preventive strategies.
Case–control study of 477 newly diagnosed women with lung cancer and 479 age-matched (±2 years) controls. Data on

menstrual and reproductive factors and history of oral contraceptive use were obtained on personal interviews using a structured
questionnaire. Risk factors were analyzed by unconditional logistic regression analysis.
Maternal age ≥25 years at first birth appeared to protect against female lung cancer [odds ratios (ORs): 0.511, 95% confidence

interval (CI), 0.376–0.693]. Age at menopause > 50 years and use of contraceptives was associated with an increased risk of lung
cancer in women (OR: 1.471, 95%CI, 1.021–2.119 and OR: 1.844, 95%CI: 1.111–3.061, respectively). Age≥13 years at menarche
was associated with a decreased risk of lung adenocarcinoma (OR: 0.563, 95% CI, 0.317–0.997). There was significant
heterogeneity in the levels of cooking oil fume (COF) exposure (Pheterogeneity= .015). Higher levels of exposure to passive smoking,
COF, and lack of tea intake were associated with an increased risk of lung cancer.
Menstrual and reproductive factors are considered to play a role in the development of lung cancer in women. Exposure to passive

smoking, COF, and lack of tea intake appeared to significantly modify the relationship.

Abbreviations: BMI = body mass index, CIs = confidence intervals, COF = cooking oil fume, HT = hormone therapy, NIH-AARP
= National Institutes of Health-American Association of Retired Persons, OC = oral contraceptives, ORs = odds ratios, SD =
standard deviation.
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1. Introduction

Lung cancer is an important global public health problem,
characterized by delayed diagnosis, early metastasis, high
mortality, and poor survival. Incidence of lung cancer and the
associated mortality rates have increased over the past 30 years.
According to the International Cancer Research Center, the global
standardized incidence rates of lung cancer were 50.4/100,000 for
menand19.2/100,000 forwomen in2012; theglobal standardized
death rates in the same year were 36.8/100,000 for men and 14.3/
100,000 for women.[1] Although the incidence of lung cancer
among women is relatively low, it is the most common cause of
death among women with malignant tumors.
Smoking is recognized as a major risk factor for lung cancer,

especially in men. However, given the same smoking exposure,
women tend to have a higher susceptibility to lung cancer than
men.[2] Further, nonsmoking women were shown to be more
likely to develop lung cancer than nonsmoking men.[3]

Adenocarcinoma accounts for approximately 85% of all lung
cancer subtypes among nonsmoking women.[4]

The gender difference in the incidence of lung cancer may be
attributable to the physiological characteristics; higher circulat-
ing estrogen levels may render women more susceptible to lung
cancer. Epidemiological studies of estrogen as a risk factor for
lung cancer have focused on menstrual and reproductive history.
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Findings pertaining to the contribution of menstrual and
reproductive history toward risk of lung cancer have been
largely inconsistent.[5–8] Studies that have investigated the
association between risk of lung cancer and age at first birth,
age at menarche, menopause, use of postmenopausal hormone
therapy (HT), and oral contraceptives (OCs) have yielded
inconsistent results. Moreover, not all studies have confirmed
this relationship, including the large Women’s Health Initiative
clinical trial.[9] In vivo studies have shown that estrogen can
promote proliferation and differentiation of cancer cells in the
context of small cell and nonsmall cell lung cancers.[10]

The aim of this study was to investigate the relationship
between menstrual history, reproductive factors, and lung cancer
risk in Han female living in southeast China.
2. Methods

2.1. Study subjects

As part of an ongoing hospital-based case–control study, we
enrolled 477 female patients with lung cancer (confirmed by
bronchoscopyor histopathology) at 3 hospitals (the First Affiliated
Hospital of Fujian Medical University, the Union Hospital of
FujianMedical University, and FuzhouGeneralHospital) between
January 2006 and July 2015. The control group consisted of 479
age-matched (±2 years) cancer-free individuals recruited from
medical examination centers orhospital nononcologydepartments
during the same period. All subjects were Chinese Han women,
who were living in Fujian for > 10 years and were able to answer
questions clearly. The study was approved by the Fujian Medical
University Ethics Committee. Written informed consent was
obtained from all subjects before their enrolment in the study.

2.2. Survey methods and variables matching

All epidemiological data were obtained by in-person interviews
using a standardized questionnaire. Data on following variables
were captured by the questionnaire: smoking status; passive
smoking; tea consumption; alcohol intake; exposure to cooking
oil fume (COF); history of lung disease; family history of cancer;
menstrual history (including age at menarche and age at
menopause); birth history (including number of live births, age
at first birth, and breastfeeding); contraceptive history (con-
traceptive usage and hormone usage); and history of gynecologi-
cal surgery. Categorical variables considered as potential risk
factors were stratified into 2 levels (yes or no). Continuous
variables considered as potential risk factors were stratified into 2
levels by median values of control group.
Smoking status was defined as individuals who had smoked at

least 100 cigarettes during their lifetime. Passive smoking was
defined as exposure to other environmental sources of tobacco
smoke at home and/or at work for more than 15minutes per day.
To evaluate COF exposure, subjects were asked about the fumes
in the kitchen during cooking with a binary response (“no” or
“yes”). Tea drinkers were defined as those who consumed at least
1 cup of tea per day, for at least 6 consecutive months. We
calculated the body mass index (BMI) as body weight (kg)/
height2 (m). All data were entered and cleaned using EpiData 3.1
software (Odense, Denmark).

2.3. Statistical analysis

SPSS (Version 23.0; IBM SPSS, Inc., Chicago, IL) software was
used for data analysis. Distribution of demographic variables in
2

cases and controls was analyzed using Student t test and x test.
The association between exposure to menstrual history,
reproductive factors, and risk of lung cancer was evaluated on
unconditional logistic regression analysis. Initially, the risk
factors for lung cancer were identified by calculating the odds
ratios (ORs) and 95% confidence intervals (95% CIs). Ordinal
logistic regression analysis was carried out for the association
between exposure factors and different lung cancer subtypes.
Multivariate logistic regression analysis was carried out to
identify the adjusted ORs. All the selected variables were entered
as independent variables in the analyses. All tests were 2-sided
and statistical significance was defined at P< .05.

3. Results

3.1. The relationship between selected factors and lung
cancer

Mean age [± Standard deviation (SD)] of the cases and controls
was 56.44 (±10.83) and 56.51 (±10.72) years, respectively. No
significant between-group difference in age was observed on
Student t test (t=0.110, P= .913). Mean BMI (±SD) of the cases
and controls was 22.66 (±3.52) and 23.09 (±3.19), respectively;
the between-group difference was statistically significant (t=
2.006, P= .045). The pathological subtypes of lung cancer were
adenocarcinoma (N=344), squamous cell carcinoma (N=40),
small cell carcinoma (N=16), and others (N=68). There was no
statistically significant difference in the distribution of age and
marital status between cases and controls (P> .05), but there was
significant difference in the distribution of BMI, occupation, and
educational level (P< .05) (Table 1). As expected, passive
smoking and COF was associated with an increased risk of lung
cancer in women (OR for passive smoking: 2.164, 95% CI:
1.671–2.803; OR for COF: 2.625, 95% CI: 1.908–3.612). Tea
consumption was associated with a decreased risk of lung cancer
in women (OR: 0.379, 95%CI: 0.282–0.510). Therefore, passive
smoking, COF, and tea consumption were further studied in
subsequent analyses.

3.2. Association of menstruation history with the
histological subtype

After adjusting for age, BMI, education, occupation, marital
status, tobacco smoking, passive smoking, alcohol drinking,
COF, tea consumption, history of lung disease, and family history
of cancer, age at first birth older than 25 years was associated
with a decreased risk of lung cancer in women (OR: 0.511, 95%
CI: 0.376–0.693); age at menopause older than 50 years and
contraceptive use was associated with an increased risk of lung
cancer (OR: 1.471, 95% CI: 1.021–2.119) and 1.844 (95% CI:
1.111–3.061), respectively. Age at menarche ≥13 years was
associated with a 44% reduction in risk of lung adenocarcinoma
and age at first birth ≥25 years was associated with 41%
reduction in risk of lung adenocarcinoma; contraceptive use was
a risk factor for lung adenocarcinoma (OR: 1.739, 95% CI:
1.006–3.006). Age at first birth ≥25 years was a protective factor
for squamous cell carcinoma (OR: 0.260, 95% CI: 0.107–0.631)
and for other types of lung cancer (OR: 0.346, 95% CI: 0.184–
0.649). For the stratified analysis of squamous cell carcinoma,
although some strata lacked enough sample size, we still found
that simple tubal ligation was a risk factor (OR: 2.205, 95% CI:
1.071–4.540). Number of live births > 3 (OR: 2.165, 95% CI:
1.170–4.009) and age at menopause>50 years (OR: 2.186, 95%
CI: 1.078–4.434) was found to increase the risk of other types of



Table 1

Distribution of selected variables and characteristics in patients with lung cancer and controls.

Variables Cases (%) Controls (%) x2 P

Marital status 0.488 .485
Married 431 (90.4) 439 (91.6)
Single 46 (9.6) 40 (8.4)

Education 53.789 <.001
Illiteracy 140 (29.4) 73 (15.2)
Middle school and below 240 (50.3) 214 (44.7)
High school and above 97 (20.3) 192 (40.1)

Occupation 26.106 <.001
Worker 75 (15.7) 87 (18.2)
Farmer 136 (28.5) 78 (16.3)
Staff and employees 179 (37.5) 239 (49.9)
Merchant and others 87 (18.2) 75 (15.7)

Tobacco smoking 1.034 .309
No 467 (97.9) 473 (98.7)
Yes 10 (2.1) 6 (1.3)

Passive smoking 34.713 <.001
No 185 (38.8) 277 (57.8)
Yes 292 (61.2) 202 (42.2)

Tea consumption 42.507 <.001
No 389 (81.6) 300 (62.6)
Yes 88 (18.4) 179 (37.4)

Alcohol intake 0.161 .689
No 451 (94.5) 450 (93.9)
Yes 26 (5.5) 29 (6.1)

COF 36.538 <.001
No 70 (14.7) 149 (31.1)
Yes 407 (85.3) 330 (68.9)

Lung disease history 2.785 .095
No 443 (92.9) 457 (95.4)
Yes 34 (7.1) 22 (4.6)

Family history of cancer 0.041 .839
No 376 (78.8) 375 (78.3)
Yes 101 (21.2) 104 (21.7)

Histological
Adenocarcinoma 344 (73.5)
Squamous cell carcinoma 40 (8.5)
Small cell carcinoma 16 (3.4)
Others 68 (14.5)
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lung cancer. (Table 2). Therefore, age at first birth, age at
menopause, and contraceptive usage maybe associated with
female lung cancer.
3.3. Effect of passive smoking, COF, and tea consumption

On the basis of these results, we analyzed the effect of
menstruation history after stratifying the data based on exposure
to passive smoking, COF, and tea consumption. The association
between different menstruation-related factors and female lung
cancer stratified by passive smoking, COF, and tea consumption
is summarized in Table 3. Among nonpassive smokers and non-
tea drinkers, age at menarche ≥13 years was a protective factor
(ORs: 0.412 and 0.503, respectively, P< .05). Irrespective of
exposure to passive smoking, COF, and tea, age at first birth
seemed to decrease the risk of lung cancer. Among the nonpassive
smokers, exposure to COF and non-tea drinkers, age at
menopause >50 years was associated with a higher risk of lung
cancer (ORs: 1.811, 1.569, and 1.872, P< .05). Similarly, in
nonpassive smokers and those not exposed to COF, use of
contraceptive appeared to increase the risk of lung cancer (OR:
2.332, 95% CI: 1.144–4.757; OR: 3.682, 95% CI: 1.076–
3

12.592). For passive smokers and those not exposed to COF,
simple tubal ligation was associated with an increased risk of lung
cancer (ORs: 1.615 and 2.453, respectively; P< .05). Further-
more, irrespective of the COF exposure, an inverse association
between age at first birth and lung cancer was observed; however,
the effects between 2 levels were different (Pheterogeneity= .015).
3.4. Combined effects analyses of menstruation factors,
passive smoking, COF, and tea consumption

We chose age at menarche, age at first birth, age at menopause,
and history of contraceptive use for assessing the combined effect
of tea consumption, passive smoking, and COF. Due to
inadequate sample size in the various subgroups, the association
of age at first birth, age at menopause, history of contraceptive
use in combination with tea consumption, and exposure to
passive smoking and COF could not be performed. Compared
with individuals whose age at menarche was ≥13 years with tea
drinking and no passive smoking and no COF exposure, we
observed that the ones with menarche at<13 years of age and
only exposed to 1, 2, and 3 factors (1 exposure means passive
smoking, COF, or lack of tea intake; 2 exposure means 2 factors

http://www.md-journal.com
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Table 2

The relationship between menstruation history and the histological subtype of lung cancer.
All Adenocarcinoma Squamous cell carcinoma Small cell carcinoma Others

∗

Factors Cases/
Controls OR (95% CI)

Cases/
Controls OR (95% CI)

Cases/
Controls OR (95% CI)

Cases/
Controls OR (95% CI)

Cases/
Controls OR (95% CI)

Age at menarche, y
<13 46/25 1.000 (ref) 37/25 1.000 (ref) 3/25 1.000 (ref) 1/25 1.000 (ref) 2/25 1.000 (ref)
≥13 431/454 0.610 (0.353–1.054) 307/454 0.563 (0.317–0.997) 37/454 0.717 (0.197–2.614) 15/454 0.955 (0.113–8.092) 66/454 2.171 (0.492–9.582)

Number of live births
<3 258/327 1.000 (ref) 183/327 1.000 (ref) 25/327 1.000 (ref) 9/327 1.000 (ref) 34/327 1.000 (ref)
≥3 210/144 1.192 (0.854–1.664) 152/144 1.178 (0.820–1.693) 15/144 0.847 (0.377–1.901) 7/144 0.606 (0.169–2.166) 34/144 2.165 (1.170–4.009)

Age at first birth, y
<25 323/224 1.000 (ref) 221/224 1.000 (ref) 33/224 1.000 (ref) 10/224 1.000 (ref) 51/224 1.000 (ref)
≥25 143/247 0.511 (0.376–0.693) 112/247 0.598 (0.429–0.834) 7/247 0.260 (0.107–0.631) 6/247 1.027 (0.341–3.096) 17/247 0.346 (0.184–0.649)

Age at menopause, y
�50 215/244 1.000 (ref) 163/244 1.000 (ref) 13/244 1.000 (ref) 12/244 1.000 (ref) 22/244 1.000 (ref)
>50 121/97 1.471 (1.021–2.119) 87/97 1.424 (0.964–2.102) 11/97 2.184 (0.917–5.204) 3/97 0.643 (0.169–2.448) 18/97 2.186 (1.078–4.434)

Breastfeeding
Yes 454/441 1.000 (ref) 323/441 1.000 (ref) 39/441 1.000 (ref) 16/441 1.000 (ref) 67/441 1.000 (ref)
No 14/30 0.645 (0.313–1.330) 12/30 0.793 (0.368–1.706) 1/30 0.556 (0.067–4.593) 0/30 – 1/30 0.258 (0.033–2.008)

Contraceptive usage
No 428/444 1.000 (ref) 310/444 1.000 (ref) 35/444 1.000 (ref) 15/444 1.000 (ref) 60/444 1.000 (ref)
Yes 49/35 1.844 (1.111–3.061) 34/35 1.739 (1.006–3.006) 5/35 2.251 (0.775–6.540) 1/35 1.229 (0.145–10.457) 8/35 2.204 (0.939–5.173)

Hormone usage
No 444/455 1.000 (ref) 320/455 1.000 (ref) 37/455 1.000 (ref) 15/455 1.000 (ref) 63/455 1.000 (ref)
Yes 33/24 1.691 (0.933–3.065) 24/24 1.731 (0.916–3.272) 3/24 1.768 (0.474–6.591) 1/24 1.652 (0.195–13.980) 5/24 1.866 (0.657–5.302)

Types of gynecological surgery
No 265/297 1.000 (ref) 200/297 1.000 (ref) 18/297 1.000 (ref) 6/297 1.000 (ref) 38/297 1.000 (ref)
Simple tubal ligation 181/137 1.258 (0.923–1.714) 122/137 1.121 (0.801–1.571) 19/137 2.205 (1.071–4.540) 8/137 2.517 (0.801–7.913) 29/137 1.440 (0.825–2.512)
Simple uterine or

simple ovariectomy
26/37 0.905 (0.506–1.618) 18/37 0.849 (0.446–1.619) 3/37 1.509 (0.401–5.679) 2/37 3.968 (0.696–22.513) 1/37 0.258 (0.034–1.963)

Uterine and ovarian all cut 5/8 0.939 (0.282–3.128) 4/8 0.999 (0.276–3.664) 0/8 — 0/8 — 0/8 —

Bold type indicates P< .05.
CI= confidence interval, COF= cooking fume exposure, OR=odds ratio.
∗
Others include adenosquamous carcinoma, alveolar cell carcinoma, large cell carcinoma.

Adjusted for age and body mass index (continuous), education, occupation, marital status, tobacco smoking, passive smoking, alcohol drinking, COF, tea consumption, lung diseases history, and family history of
cancer (categorical).
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among these 3; 3 exposure means exposed to passive smoking
and COF and lack of tea intake) (OR: 49.081, 55.971, and
94.921, respectively; P< .05) may significantly increase the risk
of lung cancer in Fujian Han women. Among women who
experienced menarche after the age of 13 years, those who drank
tea but were not exposed to passive smoking and COF were at a
lower risk of lung cancer than those exposed to passive smoking
but not to COF and those exposed to both passive smoking and
COF (ORs: 19.189, 32.236, and 80.043, respectively; P< .05).
4. Discussion

In the current study, we selected the variables age at menarche,
number of live births, age at menopause, breastfeeding,
contraceptive usage, hormone usage, and types of gynecological
surgery to investigate the effects of estrogen-related factors effects
on female lung cancer. Our results indicated that women who
bear their first child after the age of 25 years may have a lower
risk of lung cancer (OR: 0.511, 95% CI: 0.376–0.693); those
who experience menopause after the age of 50 years and those
who have a history of contraceptive use were at a higher risk of
lung cancer (OR: 1.471, 95% CI, 1.021–2.119; OR: 1.844, 95%
CI: 1.111–3.061). Those who experience menarche after 13 years
of age were at a lower risk of lung adenocarcinoma (OR: 0.563,
95% CI: 0.317–0.997). The heterogeneity in exposure to COF
(Pheterogeneity= .015) and the fact that higher levels of exposure to
passive smoking, COF, and lack of tea intake increased the risk of
lung cancer indicated that passive smoking, COF, and abstinence
from tea would significantly modify the association of menstrual
and reproductive factors with lung cancer among Chinese
women.
4

Brinton et al studied a cohort of 1,850,179 NIH-AARP
(National Institutes Of Health-American Association Of Retired
Persons) diet and health study, and found that after adjusting for
variables such as smoking, passive smoking, and cooking fumes,
late menarche protected against lung adenocarcinoma in women
(OR: 0.72, 95% CI: 0.56–0.93, Ptrend< .01). The findings are
consistent with our results. However, some studies[9,12] appeared
to refute the association of age at menarche and risk of lung
cancer. We presume an increased secretion of estrogen at
menarche and during ovarian and endometrial cyclical changes.
In vitro and animal models have found estrogens to promote lung
tumor growth; further, estrogen receptor antagonists were shown
to significantly inhibit the growth of nonsmall cell lung cancer cell
lines.[13] A later age at menarche in effect implies postponement
of the estrogen surge that may serve to decrease the risk of lung
cancer.
In the current study, we divided into 2 groups to assess the

relationship between age at menopause and lung cancer risk. We
found that age<50 years at menopause may decrease the risk.
Similar results have been reported elsewhere. This implies that
late menopause increases susceptibility to lung cancer.[14–16]

In recent studies, menopausal women aged >60 years with lung
cancer were shown to have a higher expression of aromatase (up
to 84.76%), which is a key enzyme for synthesis of estrogen.[17]

Especially, serum concentration of estrogen in patients with lung
cancer was significantly higher than those in healthy controls.[18]

Female menopause entails a decline in ovarian function, a change
that gradually develops over the last few periods. Postmenopaus-
al women have significantly reduced estrogen levels. The above
findings suggest that prolonged in vivo exposure to high estrogen
levels increases susceptibility to lung cancer.
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We also observed a protective effect of late age at first birth
against lung cancer. This phenomenon is also observed with
respect to chronic lung disease, diabetes, and high blood
pressure.[19] Age at first live birth was not associated with lung
cancer risk in most studies.[5,8,16,20–23] A few[24,25] reported an
increased risk with older age at first live birth, while others
[12,15,24] have reported an inverse association. With regard to
OC use, this study showed a positive association of
contraceptive usage with lung cancer risk. This is consistent
with findings from the Nurses’ Health Study[25] in which
duration of OC use > 5 years was associated with a slightly
increased risk of lung cancer. However, most observational
studies have found no association with lung cancer
risk,[21,22,26] while Kreuzer et al[12] observed a reduction in
lung cancer risk.
Findings of the association between menstrual history and

lung cancer risk have been inconsistent; the possible reasons
may be differences in the study population, including the
smoking rates and ethnic differences. Smoking is a major risk
factor for lung cancer, and smoking levels in the study
population will have a mixed effect on the results. There may
also be racial differences in the study populations; The sample
size of this study has a greater impact; and concomitant use of
different variables in the subgroup analyses is also liable to
affect the results.
The underlying mechanism of the association between

menstrual and reproductive history and lung cancer is not clear.
Estrogen may play an important role in the body’s normal
physiology as well as in tumorigenesis. It promotes the
development of the female reproductive system, maintenance
of secondary sexual characteristics and calcium metabolism, and
can lead to human breast cancer,[27] endometrial cancer,[28] and
other cancers. Lungs are usually not the target organ of female
hormones, but estrogen and progesterone receptors are detect-
able in normal lung and cancerous tissues.[29] Most of the
previous studies have focused on the relationship between
menstrual history and lung cancer. In this study, we further
analyzed the combined effects of environmental risk factors and
menstrual history on lung cancer. Our results suggest passive
smoking, COF, and tea drinking as potential modifiers of the
association of menstrual and reproductive factors with lung
cancer in Chinese women.
This study also has some limitations. First, as a case–control

study, recall bias possibly exists. To reduce the impact of recall
bias on the results, we chose all newly diagnosed cases.
Moreover, all interview procedures were standardized, the same
interviewers were used at all study sites, and the information was
recorded on the basis of objective indicators during the
investigation. Second, selection bias would be another major
concern for this study. However, all participants were recruited
by the same criteria in the different hospitals, which could reduce
the possibility of selection bias. Due to the limited number of
cases, the association between some of the variables (such as use
of OCs and hormone replacement therapy) and lung cancer could
not be explored. Therefore, large sample studies are expected in
the future.
5. Conclusion

Menstrual and reproductive history may be associated with the
development of lung cancer in women. In particular, factors such
as age at menarche, age at menopause, age at first gestation, and
contraceptive usage may play an important role in the
6

development of lung cancer. Research into the relationship
between female hormones and lung cancer has evoked much
interest; however, the results of published studies are not
consistent and the underlying mechanism is still unclear. Well-
designed prospective studies with use of molecular biology
markers and larger sample size will help unravel the relationship
between female hormones and lung cancer.
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