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kground: There is increasing evidence suggesting that female hormones may play a significant role in
ancer development. We evaluated the associations between reproductive factors, exogenous hormone
nd lung cancer incidence in the Nurses' Health Study.
thods: We assessed age at menopause, age at menarche, type of menopause, parity, age at first birth,
enopausal hormone (PMH) use, and past oral contraceptive use in 107,171 postmenopausal women. Cox
s were used to estimate the hazard ratios for each exposure, adjusting for smoking and other covariates.
ults:We identified 1,729 lung cancer cases during follow-up from 1984 to 2006. Menopause onset before
rs of age (hazard ratio, 1.39; 95% confidence interval, 1.14-1.70) and past oral contraceptive use for >5
(hazard ratio, 1.22; 95% confidence interval, 1.05-1.42) were associated with increased lung cancer risk.
associations were strongest in current smokers and small cell histology. In never smokers, increased
was associated with decreased risk among parous women (P trend = 0.03), whereas in current smokers,
age at first birth was associated with increased risk (P trend = 0.02). PMH use was not associated with
l lung cancer incidence. However, nonsignificant results of increased risk in adenocarcinoma were seen
urrent PMH use.
clusions: Our findings suggest female hormones may influence lung carcinogenesis, although the effect
ly modest, varied by histologic subtype, and altered by smoking.
act: Further investigation of the pathophysiology of female hormones in lung cancer subtypes and their
Imp

interaction with smoking will lead to better understanding of lung carcinogenesis. Cancer Epidemiol Biomarkers

Prev; 19(10); 2525–33. ©2010 AACR.
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g cancer is the leading cause of cancer mortality in
omen. The American Cancer Society estimates that
women will die of lung cancer in 2009, which ex-
combined breast and colorectal cancer mortality in
n (1). There is increasing evidence that lung cancers
men are biologically distinct from those of men,
he observation that they exhibit different distribu-
f histologic subtypes and molecular characteristics.
n are more likely to develop adenocarcinoma com-
n, especially among never smokers (2, 3).
with men, women with lung cancer are
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ore likely to be lifelong nonsmokers (4). Moreover,
carcinoma in women are more likely to harbor epi-
l growth factor receptor mutations (5, 6) and thus
likely to respond to epidermal growth factor recep-
rosine kinase inhibitors (7-9).
se gender differences raise the question of whether
e hormones could play a role in lung carcinogene-
fact, estrogen-β and progesterone receptors have

found on lung cancer cells (10, 11), and in a preclin-
udy by Stabile et al. (10, 12), a significant increase in
ar proliferation was seen in lung cancer-derived cell
hen they were incubated with β-estradiol, and this
hibited by antiestrogens. Similar results have been
lung adenocarcinomamouse models in which ovari-

ized mice treated with estradiol developed higher tu-
ounts and volume comparedwith untreatedmice (13).
se findings suggest that a woman's reproductive
y and exogenous hormone use could affect her risk
veloping lung cancer. Several epidemiologic stud-
ve investigated the association between postmeno-
l hormone (PMH) use and lung cancer incidence.
ver, results have been conflicting. Although several
s reported decreased risk with hormone replace-
therapy (14-18), others reported no effect (19-22) and

others reported a trend toward increased risk (23-25).
have also investigated the effect of reproductive
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s, but these results have been inconsistent (16, 19, 20,
. Most of these studies were retrospective in design,
arying adjustment for covariates may have con-
ed to the inconsistent results. Thus, our aim was to
ct a prospective and comprehensive analysis of re-
ctive factors and exogenous hormone use in relation
g cancer incidence in the Nurses' Health Study
).We further evaluated these associations separately
oking status and histologic subtypes.

rials and Methods

population
NHS was established in 1976 with 121,700 female
urses of ages between 30 and 55 years who re-
ed to the initial mailed questionnaire. The women
asked questions about their medical history and
le, which included detailed reproductive and hor-
use information, as well as smoking history. Follow
estionnaires have been sent every 2 years to update
ation about exposure status and to identify newly
osed medical conditions, and the response rate has
at least 90% for each cycle.
have previously shown that fruit and vegetable
mption was associated with lower risk for lung
r among women (30). Thus, we used 1984 as the
ne year because this was the first cycle in which diet
ment with extensive questions on fruits and vegeta-
as available. At baseline, we included women who
ostmenopausal and had not reported a diagnosis of
r (except nonmelanoma skin cancers) and women
d analysis during follow-up when they reached
pause. Women were classified as postmenopausal
age when natural menopause or bilateral oophorec-
occurred. For women whose periods stopped after a
rectomy or unilateral oophorectomy, we classified
as postmenopausal at the age of 54 years if a current
er or 56 years if a nonsmoker, whichwere the ages by
90% of NHS participants with a natural menopause
ecome postmenopausal.
eNHS is approved by the BrighamandWomen'sHos-
nstitutional Review Board in Boston, Massachusetts.
nvestigation was also approved by Tufts University
tional Review Board in Boston, Massachusetts.

ascertainment
g cancers were reported by the participants or
fied on their death certificates, and they were sub-
ntly confirmed by hospital records and pathology
s. The cases were classified as confirmed only if a
logy report indicated that the lesion was a primary
umor. The confirmed lung cancer cases were then
ied by predominant histologic subtype. Of the self-
ted cases, 88% were confirmed with medical re-
, and an additional 6% were confirmed by death
cates. All self-reported lung cancers were included

primary analyses because results were very similar
limited to cases confirmed by medical records.

ed bo
cycle

r Epidemiol Biomarkers Prev; 19(10) October 2010
ses by histologic subtype included only those
med by medical record review.
ring the 22-year follow up, 1,729 incident lung
r cases were identified. Of the 1,505 cases for which
ogy information was available, 47% were adenocar-
a, 18% were small cell carcinoma, 17% were squa-
cell carcinoma, 5% were large cell carcinoma, 10%
unspecified non–small cell lung cancer, and 3%
other histologies, including carcinoid and sarcoma.
istology distribution is comparable with the Sur-
nce Epidemiology and End Results data reported
male lung cancer (31).
re were 8% never smokers, 45% former smokers
7% current smokers among the cases as determined
ir smoking status on the biennial questionnaire be-
ng cancer diagnosis. Of the 138 cases among never
ers, adenocarcinoma was the predominant histol-
ubtype in 81 cases (62%), and there were no cases
small cell histology.

ductive and hormonal exposures
exposure variables assessed in this analysis were
menarche, age at menopause, type of menopause,
, age at first birth, oral contraceptive (OCP), use
MH use.
at menarche was reported on the initial 1976 ques-
ire, and number of pregnancies lasting >6 months
ssessed from 1976 through the 1984 questionnaire
econfirmed in 1996. In each biennial questionnaire,
n were asked whether their menstrual periods had
ed, age at which they stopped, and whether the rea-
as natural or surgical. PMH and OCP use were first
ed on the initial 1976 questionnaire and were up-
in each biennial questionnaire, which asked details
current or past use, duration of use, and type of

ones used. At each 2-year follow up cycle, we calcu-
total duration of use and time since last use. We
ed collecting additional OCP information in 1984
<1% of the premenopausal women were currently
the medication. Missing information about expo-
ariables was included as a separate category.

ing exposure and other covariates
ticipants were asked on the initial questionnaire
er they were current or former smokers and, if
eir age at initiation. Former smokers were asked
e at which they discontinued smoking, and current
ers were asked to report their average number of
ttes smoked per day. Participants with missing
ing status were excluded at baseline. Smoking sta-
d quantity of cigarettes have been updated every 2
. In 1982, participants were asked for information
environmental tobacco exposure, including wheth-
e or both parents smoked, number of years living
someone who smoked, and whether exposed to
e at work and/or at home. Other covariates includ-

dy mass index (BMI), calculated each questionnaire
from current weight and from height reported at

Cancer Epidemiology, Biomarkers & Prevention
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ne, and dietary intake assessed in alternate cycles
a food frequency questionnaire that included 15
and 30 vegetables. The validity of the FFQ has been
ed and published previously (32, 33).

tical analysis
accumulated person-years beginning at the return
1984 questionnaire or the first questionnaire on
a participant was classified as postmenopausal.
-up ended with a report of lung or any other can-

her than nonmelanoma skin cancers, death, or end
ow-up on June 1, 2006. Person-years contributed to
ure categories in each biennial follow-up cycle based
the most recent questionnaire information. Women
t contribute person-years in cycleswhen their smok-
atus was unknown.
proportional hazards models were used to esti-

hazard ratios of lung cancer in each exposure cate-

ompared with a reference category. For continuous
les, P values for linear trend were calculated. The

pause

le H
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variate models included all assessed risk factors
ovariates. Risk estimates were obtained separately
analyses stratified by smoking status (never, former,
t) and histology subtypes (adenocarcinoma, squa-
cell carcinoma, and small cell carcinoma).

lts

characteristics of participants over follow-up are
n in Table 1 by PMH and OCP use. We analyzed
1 postmenopausal women from 1984 to 2006, dur-
hich a total of 1,590,432 person-years were accumu-
and in which 14% were current smokers, 41% were
r smokers, and 45% were never smokers. The par-
nts were primarily Caucasian, and their mean age
follow-up was 63 years (range, 38-87 y). After ad-
g for age, current PMH users were more likely to
used OCP, more likely to have had surgical meno-

, less likely to be current smokers, and had a lower
mean BMI. Women who used OCP for >5 years were less
tm
1. Age-adjusted characteristics by PM
 and past OCP use among pos
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uration (y)
 4.
 .4) 10.
 .5)

CP use (%)

rous (%)
3.3
 .5) 3.
 .4) 3.
 .3) 3.
 .5) 3.
 .4) 3.
 .4)

first birth (y) 25.5
 .5) 25.1
 .4) 25.
 .2) 25.
 .5) 25.
 .4) 24.
 .1)

menarche (y) 12.6
 .4) 12.5
 .4) 12.
 .4) 12.
 .4) 12.
 .4) 12.
 .4)

menopause (y) 50.3
 .8) 48.3
 .2) 48.
 .0) 49.
 .9) 49.
 .6) 49.
 .0)
(3 (5 8 (5 0 (4 1 (4 7 (4
l menopause (%) 79 56 46 59 56 64

al menopause (%)

ng (%)

er

t

rent

g/m2) 26.5
 .1) 26.1
 .9) 25.
 .3) 26.
 .8) 25.
 .8) 25.
 .7)

take (servings per day) 1.9
 .7) 1.
 .7) 1.
 .7) 1.
 .7) 1.
 .7) 1.
 .7)

ble intake (servings per day) 2.2
 .6) 2.
 .6) 2.
 .6) 2.
 .6) 2.
 .6) 2.
 .6)

r smoking exposure at work (%)†
r smoking exposure at home (%)†
ula 21 20 17 18 26 22
h parents smoked (%)† 13 15 15 12 17 17
g >20 y with someone who smoked (%)† 36 32 28 32 29 32

E: Values are presented as means or percentages. SDs are presented in parentheses when indicated.
ong parous women only.
2010 2527
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(n = 1,729) (n = 138) (n = 782) (n = 809)

n HR (95% CI) n HR (95% CI) n HR (95% CI) n HR (95% CI)
menopause
22
 1.39
 .14-1.70) 18
 1.42
 .69-2.95) 78
 1.08
 .79-1.48) 133
 1.76
 .32-2.34)

7 25
 1.06
 .89-1.26) 15
 0.88
 .43-1.80) 111
 1.03
 .79-1.34) 132
 1.16
 .89-1.50)

9 24
 .0 16
 .0 115
 .0 113
 .0

1 58
 1.04
 .88-1.22) 52
 1.17
 .64-2.15) 261
 0.97
 .76-1.23) 274
 1.16
 .91-1.48)
7 (0 (0 (0 (0

386 0.94 (0.79-1.10) 37 0.78 (0.43-1.44) 204 0.96 (0.76-1.22) 145 0.99 (0.77-1.28)

end
 .0004
 .22
 .33
 .001

menarche
37
 1.04
 .91-1.19) 29
 0.85
 .53-1.36) 181
 1.17
 .96-1.43) 167
 0.97
 .79-1.19)

42
 0.97
 .85-1.10) 32
 0.79
 .50-1.24) 190
 1.02
 .84-1.24) 199
 0.98
 .81-1.19)

52
 .0 48
 .0 227
 .0 248
 .0

21
 0.99
 .84-1.16) 20
 1.00
 .59-1.69) 94
 0.95
 .74-1.21) 103
 1.08
 .85-1.37)
7 (0 (0 (0 (0
174 1.05 (0.88-1.25) 9 0.67 (0.32-1.36) 81 1.08 (0.83-1.39) 84 1.14 (0.88-1.47)
end
 .84
 .88
 .43
 .29

f menopause
ural 98
 .0 70
 .0 458
 .0 454
 .0

varies removed* 18
 1.19
 .99-1.42) 16
 1.08
 .59-1.95) 81
 1.12
 .86-1.45) 87
 1.30
 .99-1.70)
4 (0 (0 (0 (0

68 1.29 (0.99-1.67) 8 1.67 (0.77-3.62) 33 1.30 (0.89-1.88) 27 1.17 (0.77-1.76)

26
 1.06
 .90-1.25) 29
 1.33
 .78-2.26) 109
 1.02
 .80-1.30) 127
 1.03
 .80-1.32)
iparous 10
 0.97
 .79-1.18) 14
 1.66
 .94-2.93) 47
 1.08
 .80-1.46) 43
 0.75
 .54-1.03)

us 1,56
 .0 124
 .0 706
 .0 737
 .0

Children 51
 .0 54
 .0 209
 .0 247
 .0
77
 1.09
 .97-1.22) 54
 0.70
 .48-1.03) 367
 1.29
 .08-1.53) 358
 1.00
 .84-1.18)
1 (0 (0 (1 (0
278 1.00 (0.86-1.17) 16 0.50 (0.28-0.88) 130 1.18 (0.94-1.48) 132 0.93 (0.75-1.16)
end†
 .87
 .03
 .16
 .30

first birth (y)
95
 .0 73
 .0 436
 1.0 442
 1.0

0 46
 1.03
 .91-1.15) 36
 0.91
 .60-1.38) 205
 0.95
 .80-1.13) 222
 1.12
 .95-1.33)
1 (0 (0 (0 (0

154 1.20 (1.01-1.43) 15 1.30 (0.73-2.31) 65 1.10 (0.84-1.44) 74 1.38 (1.06-1.78)

end†
 .06
 .66
 .60
 .02

se
er 43
 .0 34
 .0 184
 .0 218
 .0
6 1 1 1 1
t 440 0.91 (0.79-1.04) 32 0.90 (0.54-1.50) 201 0.83 (0.67-1.02) 207 0.96 (0.78-1.18)

rent 45
 0.99
 .86-1.14) 46
 1.00
 .61-1.63) 228
 0.96
 .77-1.18) 181
 1.02
 .82-1.27)

se
er 1,05
 .0 96
 .0 471
 .0 492
 .0

t (y) 62
 1.10
 .99-1.22) 39
 0.88
 .58-1.33) 290
 1.15
 .98-1.35) 297
 1.06
 .90-1.25)

5 35
 1.06
 .93-1.21) 26
 0.96
 .59-1.54) 166
 1.13
 .93-1.37) 166
 1.00
 .82-1.21)
< 8 (0 (0 (0 (0

>5 232 1.22 (1.05-1.42) 10 0.72 (0.36-1.41) 106 1.25 (1.00-1.56) 116 1.28 (1.03-1.60)
trend 0.07 0.33 0.07 0.17

E: Stratified analysis by smoking status. Adjusted by: age at menopause, age at menarche, parity, type of menopause, PMH

, OCP use, smoking status, age at start smoking, cigarettes per day, time since quitting, fruit/vegetable intake, BMI, and
ironmental smoking exposure (parents smoking, years living with someone who smokes, exposure to smoking at work, expo-
to smoking at home).

reviation: HR, hazard ratio
sterectomy only.
revention
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design are heterogeneous across studies, which
xplain the inconsistent reports in the literature. De-
he inconsistencies, several studies have reported an
e association between age at menopause and lung
r incidence. In a prospective analysis of the Shang-
omen's Health Study with ∼75,000 participating
se women who were lifetime nonsmokers, the
rs reported higher lung cancer risk with younger
t menopause (26). Other population based studies
also reported similar trends albeit not statistically
icant (24, 27-29). However, there also are reports
l association (16, 22, 23) and one report of decreased
ith younger age at menopause (25).
ut parity, two prospective cohort studies on never
ers have reported an inverse association, in which
sed risk was seen with increasing parity (23, 26).
s consistent with our results, in which the inverse
nship was seen primarily in never smokers. The
f parity in other studies that include smokers is less
With regard to the age at first birth, literature is in-
tent with reports of decreased (19, 22) and increased
skwith increasing age at first birth, aswell as reports
ignificant association (16, 26, 28, 29). The association
he use of OCPs is inconsistent as well, with a few
s of decreased risk (22, 24). However, most studies
a null association (16, 19, 20, 25, 26).
findings suggest that endogenous hormones dur-
emenopausal years may have a protective role in
ancer development. This is evident by the increased
ancer risk with younger age at menopause and lon-
e of OCPs, in which the contraceptive mechanism is
ppressing ovulation and the release of endogenous
ones (34). The protective role seems to be greater
g smokers and a possible mechanism may be the in-
ion between estrogen and cigarette smoke metabo-
CYP1A1 and CYP1B1, members of the cytochrome
amily of enzymes involved in phase I drug metabo-
re induced by cigarette smoking, and they activate
tte smoke carcinogens such as polycyclic aromatic
carbons and also participate in estradiol metabolism
everal investigators have hypothesized that this in-
ion may be the mechanism by which smokers are
to have lower estrogen levels compared with non-

ers (36-38). Conversely, there are reports of CYP1A1
YP1B1 upregulation by estrogen-α and estrogen-β
ors (35, 39, 40). The effect of estrogen on phase II me-
sm enzymes is not clear, although increased glutathi-
-transferase (GSTT1) mRNA expression has been
ated with higher estradiol levels (35). This suggests
strogen may influence the metabolism of smoking
tuents and lead to differential lung cancer outcomes
g smokers.
ther possible mechanism for the protective effect of
nopausal endogenous hormones may be the role of
sterone in lung cancer development. In a preclinical
by Ishibashi et al. (11), cellular proliferation was in-

d when lung cancer cell lines with progesterone re-
s were incubated with progesterone. However, the

sure v
was m
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ure on progesterone in lung cancer is limited, and
le of progesterone and its interaction with estrogen
g cancer remains unclear.
h regard to PMH use, we did not detect a signifi-
ssociation between PMH use and overall lung can-
cidence, although differential trends were seen in
rious histologic subtypes. Although reproductive
s reflect the effect of hormonal exposure during pre-
pausal years, the use of hormone replacement ther-
xerts its effect during postmenopausal years. As
ibed earlier, the literature on PMH use and lung
r is conflicting with reports of protective, null, and
ful associations (14-25). More recently, the Women's
h Initiative investigators reported an increase in
lity and a nonsignificant increase in incidence of
mall cell lung cancer in the women who were ran-
ed to the estrogen and progestin combination arm
similar trend has been reported in a prospective

t study on never smokers, in which most cases were
carcinoma (23), and in two other case-control stud-
which the primary outcome was adenocarcinoma

5). In addition, the Vitamins and Lifestyle study re-
reported an increased risk for lung cancer inci-
with estrogen and progestin use (42). We did not
a significant increased risk with estrogen and pro-
use, although a nonstatistically significant trend

reased risk was detected for squamous and adeno-
oma. These findings, in addition to the results of
nalysis, suggest that the role of PMHs likely differ
that of premenopausal reproductive hormones
hat the effect may vary in the different histologic
pes.
re are many challenges in elucidating the role of
ones in lung carcinogenesis. One of the challenges
fact that there are many situations in which a hor-
l function could be altered. For instance, the action
same hormone may vary in premenopausal versus
enopausal women, smokers versus never smokers,
n the pathogenesis of tumors of various histologic
pes. Furthermore, the effect of hormones may also
d on the receptor status of lung cancer cells. In a
by Schwartz et al. (16), the investigators found a
tive association between PMH use and lung cancer,
e association was seen primarily in lung cancers
arbored estrogen receptors. This suggests that the
f reproductive hormones, as well as exogenous hor-
s, may be restricted to those cancers that possess the
tors.
re are several strengths in this study. First, this
is prospective in design, which avoids the biases
ated with retrospective studies, and the large num-
f cases and participants with long duration of
-up have allowed us to do various subgroup anal-
Although the number of exposure variables and
oups in this study increases the likelihood of chance
gs, all analyses were hypothesis driven and expo-

ariables were chosen a priori, thus no adjustment
ade for multiple comparisons. Another strength
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study is that information on exposures and smok-
riables was updated every 2 years, which reduces
ssification bias. A limitation is the small number of
among never smokers. Accordingly, the lack of
icant findings in never smokers may be due to the
number of cases.
onclusion, the results of our study add to the in-
ng body of literature that female hormones may in-
e lung carcinogenesis. Their role is likely modest,
ially in the presence of powerful risk factors such
oking. However, additional research of this topic
ranted because it may lead to a better understand-
lung cancer biology and possibly to the develop-

of novel therapeutic strategies. To achieve this goal,
egrative approach will be necessary spanning from
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