
20. Tan BH, Birdsell LA, Martin L, Baracos VE, Fearon KC. Sarcopenia in an overweight
or obese patient is an adverse prognostic factor in pancreatic cancer. Clin Cancer
Res 2009; 15: 6973–6979.

21. Ramos Chaves M, Boléo-Tomé C, Monteiro-Grillo I, Camilo M, Ravasco P. The diversity
of nutritional status in cancer: new insights. Oncologist 2010; 15(5): 523–530.

22. Prado CM, Lieffers JR, McCargar LJ et al. Prevalence and clinical implications
of sarcopenic obesity in patients with solid tumours of the respiratory and
gastrointestinal tracts: a population-based study. Lancet Oncol 2008; 9: 629–635.

23. Sinicrope FA, Foster NR, Yothers G et al. Body mass index at diagnosis and
survival among colon cancer patients enrolled in clinical trials of adjuvant
chemotherapy. Cancer 2013; 119(8): 1528–1536.

24. Basen-Engquist K, Scruggs S, Jhingran A et al. Physical activity and obesity in
endometrial cancer survivors: associations with pain, fatigue, and physical
functioning. Am J Obstet Gynecol 2009; 200(3): 288.e1–8.

25. Leibovitz E, Giryes S, Makhline R et al. Malnutrition risk in newly hospitalized
overweight and obese individuals: Mr NOI. Eur J Clin Nutr 2013; 67(6): 620–624.

26. Correia Horvath JD, Dias de Castro ML, Kops N, Kruger Malinoski N, Friedman R. Obesity
coexists with malnutrition? Adequacy of food consumption by severely obese patients
to dietary reference intake recommendations. Nutr Hosp 2014; 29(2): 292–299.

27. Isenring EA, Banks M, Ferguson M, Bauer JD. Beyond malnutrition screening:
appropriate methods to guide nutrition care for aged care residents. J Acad Nutr
Diet 2012; 112(3): 376–381.

28. Must A, Spadano J, Coakley EH et al. The disease burden associated with
overweight and obesity. JAMA 1999; 282: 1523–1529.

29. Gioulbasanis I, Kakalou D, Vassiliou Chr et al. Which nutritional assessment tool is
related with musculature and functional status in patients with cachexia-related
tumors? [abstract]. In Cancer Cachexia: Molecular Mechanisms and Therapeutic
Approaches. Boston, USA, 21–23 September 2012 [Citation: J Sarcopenia,
Cachexia and Muscle 2012; 3(4): 281–301].

30. Pischon T. Commentary: use of the body mass index to assess the risk of health
outcomes: time to say goodbye? Int J Epidemiol 2010; 39: 528–529.

31. Gonzalez MC, Pastore CA, Orlandi SP, Heymsfield SB. Obesity paradox in
cancer: new insights provided by body composition. Am J Clin Nutr 2014; 99:
999–1005.

32. Baracos VE, Prado CMM, Antoun S, Gioulbasanis I. ‘Assessment of nutritional
status’. In Del Fabbro E, Bruera E, Demark-Wahnefried W, Bowling T, Hopkinson
JB, Baracos VE (eds), ‘Nutrition and the Cancer Patient, 2010. New York: Oxford
University Press, pp. 19–34.

33. Gagnon B, Murphy J, Eades M et al. A prospective evaluation of an
interdisciplinary nutrition-rehabilitation program for patients with advanced cancer.
Curr Oncol 2013; 20(6): 310–318.

34. Walzer S, Droeschel D, Nuijten M, Chevrou-Séverac H. Health economic analyses
in medical nutrition: a systematic literature review. Clinicoecon Outcomes Res
2014; 6: 109–124.

Annals of Oncology 26: 221–230, 2015
doi:10.1093/annonc/mdu470

Published online 14 October 2014

Active and passive smoking in relation to lung
cancer incidence in the Women’s Health Initiative
Observational Study prospective cohort†

A. Wang1, J. Kubo2, J. Luo3, M. Desai2, H. Hedlin2, M. Henderson1, R. Chlebowski4,
H. Tindle5, C. Chen6, S. Gomez7, J. E. Manson8, A. G. Schwartz9, J. Wactawski-Wende10,
M. Cote9, M. I. Patel1, M. L. Stefanick11 & H. A. Wakelee1*
1Department of Medicine, Division of Oncology, Stanford University School of Medicine, Stanford; 2Quantitative Sciences Unit, Stanford University School of Medicine,
Palo Alto; 3Department of Epidemiology and Biostatistics, Indiana University, Bloomington; 4Los Angeles Biomedical Research Institute at Harbor-UCLA Medical Center,
Torrance; 5Center for Research on HealthCare, University of Pittsburgh, Pittsburgh; 6Program in Epidemiology, Division of Public Health Sciences, Fred Hutchinson Cancer
Research Center, Seattle; 7Division of Epidemiology, Stanford University School of Medicine, Stanford; 8Department of Epidemiology, Brigham and Women’s Hospital,
Harvard Medical School, Boston; 9Karmanos Cancer Institute, Wayne State University, Detroit; 10Department of Social and Preventive Medicine, University at Buffalo,
Buffalo; 11Department of Medicine, Stanford Prevention Research Center, Stanford University School of Medicine, Stanford, USA

Received 23 May 2014; revised 25 August 2014; accepted 23 September 2014

Background: Lung cancer is the leading cause of worldwide cancer deaths. While smoking is its leading risk factor, few
prospective cohort studies have reported on the association of lung cancer with both active and passive smoking. This
study aimed to determine the relationship between lung cancer incidence with both active and passive smoking (child-
hood, adult at home, and at work).
Patients and methods: The Women’s Health Initiative Observational Study (WHI-OS) was a prospective cohort study
conducted at 40 US centers that enrolled postmenopausal women from 1993 to 1999. Among 93 676 multiethnic

†These data were presented in part as an oral presentation at the American Society of
Clinical Oncology (ASCO) meeting on 3 June 2013 (Category: Cancer Prevention/
Epidemiology. Citation: J Clin Oncol 2013; 31(suppl): abstr 1504.).

*Correspondence to: Dr. Heather A. Wakelee, 875 Blake Wilbur Drive, Room 2233 MC
5826, Stanford, CA 94305-5826, USA. Tel: +1-650-723-9094; Fax: +1-650-724-3697;
E-mail: hwakelee@stanford.edu

© The Author 2014. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.

Annals of Oncology original articles



participants aged 50–79, 76 304 women with complete smoking and covariate data comprised the analytic cohort. Lung
cancer incidence was calculated by Cox proportional hazards models, stratified by smoking status.
Results: Over 10.5 mean follow-up years, 901 lung cancer cases were identified. Compared with never smokers (NS), lung
cancer incidence was much higher in current [hazard ratio (HR) 13.44, 95% confidence interval (CI) 10.80–16.75] and former
smokers (FS; HR 4.20, 95%CI 3.48–5.08) in a dose-dependent manner. Current and FS had significantly increased risk for all
lung cancer subtypes, particularly small-cell and squamous cell carcinoma. Among NS, any passive smoking exposure did
not significantly increase lung cancer risk (HR 0.88, 95% CI 0.52–1.49). However, risk tended to be increased in NS with adult
home passive smoking exposure ≥30 years, compared with NS with no adult home exposure (HR 1.61, 95%CI 1.00–2.58).
Conclusions: In this prospective cohort of postmenopausal women, active smoking significantly increased risk of all lung
cancer subtypes; current smokers had significantly increased risk compared with FS. Among NS, prolonged passive
adult home exposure tended to increase lung cancer risk. These data support continued need for smoking prevention and
cessation interventions, passive smoking research, and further study of lung cancer risk factors in addition to smoking.
ClinicalTrials.gov:NCT00000611.
Key words: smoking, lung cancer, passive smokers, never smokers, lung cancer histology

introduction
Lung cancer is the leading cause of worldwide cancer deaths [1].
Smoking, the primary lung cancer risk factor, is linked to
80%–85% of female cases and 90% of male cases [2]. Studies
have established that smokers have greatly increased lung cancer
risk [3, 4] and that lung cancer incidence and mortality increase
in a dose-dependent manner with smoking [4–6]. Smoking
cessation reduces the risk of lung cancer incidence and mortality
[3, 5, 7]. Among an estimated 16 000–24 000 lung cancer cases
occurring annually in US never smokers (NS) [8], women have
higher incidence rates than men [9].
Passive smoking is also an established risk factor for lung

cancer [10]. However, evidence is mixed regarding which set-
tings and durations of passive exposure are linked to increased
lung cancer risk. Some studies report a positive association
between lung cancer incidence and passive smoking during
childhood [11, 12], adulthood home [13–15], and work [16, 17],
including dose-dependent relationships [14, 15, 18]; other
studies have found these correlations only at extensive exposure
levels (≥40–80 pack-years) [19–22] or not at all for certain ex-
posure categories [6, 11, 20, 23].
Despite extensive literature on smoking and lung cancer, few

prospective cohort studies contain data on both active and
passive smoking; most studies on this relationship in women
have been conducted in case–control settings. Therefore, we
studied relationships among active and passive smoking with
lung cancer incidence using data from a large, multiethnic pro-
spective cohort, the Women’s Health Initiative Observational
Study (WHI-OS). To our best knowledge, this is the first study
to investigate the effect of both active and passive smoking on
lung cancer risk in a complete prospective cohort of US women.

methods

design, setting, and participants
The WHI-OS is a multiethnic prospective cohort study designed to study
morbidity and mortality in postmenopausal women; the study design has
been previously described [24]. In brief, 93 676 postmenopausal women
aged 50–79 were enrolled between 1993 and 1998 at 40 US clinical centers.
Excluded from the original cohort were 1351 women due to incomplete data

on smoking and 16 021 due to missing covariate data, resulting in 76 304

women for the study analysis.

measurement of exposures and confounders
This study aimed to determine the relationship between active/passive
smoking and lung cancer incidence. All information on exposures and con-
founders was collected at baseline. NS were defined by questionnaire as
having smoked <100 cigarettes in their lifetime (N = 39 771: 36 135 with
passive exposure, 3636 without). Former smokers (FS) were classified as
having smoked ≥100 cigarettes but not smoking at study baseline
(N = 31 804). Current smokers (CS) reported smoking at baseline
(N = 4729). CS and FS also reported age at smoking initiation, cigarettes/day,
years of smoking, and age at quitting smoking (FS only).

We classified women who had only passive smoking exposure (i.e. no
history of active smoking) as ‘passive smokers’. Passive smoking data were
self-reported in three categories in our analysis: childhood (<18 years), adult
home (lived with smoker), and work (worked with smoker). For positive cat-
egories, women also reported exposure duration (childhood: <1, 1–4, 5–9,
10–18 years; adult home/work: <1, 1–4, 5–9, 10–19, 20–29, 30–39, ≥40
years).

The multivariable model adjusted for the following confounders (defined
a priori, including established and hypothesized risk factors for lung cancer):

age at enrollment, BMI, ethnicity, lung cancer history, family history of
cancer, education, supplemental/dietary vitamin D, occupation, hormone
therapy use, oral contraceptive use, alcohol use, physical activity, and ser-
vings/day of fruit, vegetables, and red meat.

classification of cases (follow-up
and ascertainment)
Cancer cases were initially self-reported in annual questionnaires administered
through 2009, with 93%–96% completion rates. Physicians adjudicated lung
cancer diagnoses through medical records review, according to guidelines
from Surveillance Epidemiology and End Results (SEER). When available
through pathology reports, tumors were histologically classified according to
International Classification of Disease for Oncology, second edition. Cases
were further classified into non-small-cell lung cancer [NSCLC, subtypes:
adenocarcinoma, squamous cell carcinoma (SqCC), large cell, neuroendo-
crine, other, unspecified], small-cell lung cancer (SCLC), and Other (carcin-
oid), according to SEER, AJCC Cancer Staging Handbook, and WHO [25].

Over 10.5 average years of follow-up through August 2009, N = 901 lung
cancer cases were identified: CS N = 531 (58.9%), FS N = 218 (23.1%), NS
with passive exposure N = 136 (15.1%), NS without passive exposure N = 16
(1.8%).
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statistical analysis
The primary outcome of interest was time to development of lung cancer.
We used Cox proportional hazards regression models to estimate hazard
ratios (HRs) and 95% confidence intervals (CIs). Times were defined from
enrollment into the WHI-OS to date of lung cancer diagnosis, death, loss to

follow-up, or administrative censoring date (14 August 2009), whichever oc-
curred first. We fit two models, age- and multivariable-adjusted. Participants
missing information on any covariates in the model were excluded. For lung
cancer subtypes, we used multinomial logistic regression models to calculate
incidence because time of diagnosis was not available for subtype data.
Kaplan–Meier method was used to graphically present results on lung
cancer event-free survival by smoking status.

For the active smoking analysis, we estimated HRs for lung cancer devel-
opment using the reference group of all NS. A secondary analysis on pack-
years used 0–5 pack-years as the reference group and adjusted for age at
smoking initiation. For the passive smoking analysis, we included only parti-
cipants with no history of active smoking. We defined passive smoking
categories a priori based on the methodology of Luo et al. [26] which investi-
gated breast cancer incidence and active/passive smoking in the WHI-OS.
Their predefined passive exposure categories included dichotomizing child-
hood exposure (<10 years, ≥10 years), adult home exposure (<20 years, ≥20
years), and work exposure (<10 years, ≥10 years). Due to literature suggest-
ing dose-dependent associations between lung cancer incidence and passive
smoking [14, 15, 18, 23], we further expanded the adult home ≥20 years cat-
egory (20–<30 years, ≥30 years) and work ≥10 years category (10–<20
years, ≥20 years) a priori. We examined lung cancer incidence in relation
to these predefined categories, as well as combinations where multiple
exposures were summed in an un-weighted manner. Luo et al. defined an
‘extensive exposure’ category within the triple exposure category as child-
hood ≥10 years + adult home ≥20 years + work ≥10 years, which we further
expanded as described above. We calculated HRs and Global Wald tests
within passive smoking categories. All statistical analyses were completed
using SAS 9.3 (SAS Institute, Cary, NC), and were two-sided at the 0.05
significance level.

results
The baseline characteristics of study participants, stratified by
smoking status, are presented in Table 1. Among 76 304 women
included in the study cohort, the vast majority had active and/
or passive smoking exposure [N = 3636 NS-no passive (4.8%),
N = 36 135 NS-passive (47.4%), N = 31 804 FS (41.7%),
N = 4729 CS (6.2%)]. Approximately 85% of the participants
were Caucasian. CS were more likely to be younger and have less
education, lower physical exercise levels, lower BMIs, higher
alcohol intake, higher use of oral contraceptives, and lower
vitamin D intake. Additional characteristics of the cohort are
presented in supplementary Tables S1–S4, available at Annals of
Oncology online. There were not enough cases in each ethnic
group to formally analyze incidence among NS.
The overall annualized lung cancer incidence rate was 112.3/

100 000 person-years (CS 472.9, FS 158.1, NS 36.2, Table 2).
When compared with NS, both CS (HR 13.44, 95% CI 10.80–
16.75, P < 0.0001; multivariable-adjusted) and FS (HR 4.20, 95%
CI 3.48–5.08, P < 0.0001) were significantly more likely to
develop lung cancer, with CS also having a significantly higher
risk than FS. For both CS and FS, the risk of developing lung
cancer increased with pack-years (HR 1.58 for each 5-pack-year
category, 95% CI 1.50–1.65, P < 0.0001); interaction term
between CS and FS for the impact of increasing pack-years on

risk was not significant (P = 0.49). The increased risk did not
plateau up to ≥35 pack-years.
Among NS, lung cancer incidence did not differ between NS

with passive exposure compared with NS without passive expos-
ure (HR 0.88, 95% CI 0.52-1.49; Table 2), nor did it differ among
predefined passive smoking subcategories (childhood, adult
home, work, or combinations or durations of these passive expo-
sures) compared with reference groups (NS without passive ex-
posure, either overall or in a specific setting). However, borderline
significant increased lung cancer risk was seen in NS with adult
home exposure ≥30 years when compared with women with no
adult home exposure (HR 1.61, 95% CI 1.00-2.58). In models
exploring duration of childhood exposure, adult exposure, and
exposure at work (Table 2), no significant interactions were seen
among passive smoking categories, though the interaction
between adult home and work approached significance (multi-
variable-adjusted P = 0.06). Global Wald P-values showed no
significant differences in hazard within passive exposure categor-
ies.
The event-free survival for different smoking categories is

displayed in a Kaplan–Meier plot in Figure 1A and B. CS had
lower event-free survival rates than both FS and NS, while FS
had lower event-free survival rates when compared with NS,
log-rank test of equality over smoking categories P < 0.001. The
event-free survival for NS with and without passive exposure
did not appear to differ (Figure 1B).
NSCLC incidence was 97.9 per 100 000 person-years, and

SCLC incidence was 9.9 (Table 3). Excluding unspecified cases,
adenocarcinoma was the most common NSCLC subtype (inci-
dence 55.0), followed by SqCC (14.8). CS were significantly
more likely to develop NSCLC (OR 12.05, 95% CI 9.48–15.32)
and particularly SCLC (OR 100.84, 95% CI 30.13–337.45) than
NS (P < 0.0001); the same was true for FS, with lower ORs than
CS. CS and FS had a higher rate of developing all NSCLC sub-
types, when compared with NS (P < 0.0001), with the highest
risk seen for SqCC and the lowest risk seen for adenocarcinoma.

discussion
Few prospective cohort studies contain data on passive smoking.
To our knowledge, this is the first study to investigate the rela-
tionship between both active and passive smoking with lung
cancer risk in a complete prospective cohort of US women. In
this cohort of 76 304 postmenopausal women, we found a sign-
ificant association between active smoking and lung cancer inci-
dence, which was dose-dependent for both CS and FS. CS were
over 13 times more likely to develop lung cancer compared with
NS; FS were over 4 times more likely. Among NS, we did not
find a significant association between any passive smoking and
lung cancer incidence; however, adult home passive exposure
≥30 years was of borderline significance. Smoking increased
risk of all lung cancer subtypes (particularly SCLC and SqCC),
and smoking cessation decreased lung cancer risk.

comparison with other studies
Studies have estimated that active smokers have 5- to 30-fold
increase in lung cancer incidence compared with NS [3, 4].
Our study confirms these findings in a prospective cohort of
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Table 1. Baseline characteristics of participants in the Women’s Health Initiative (WHI) Observational Study (OS) Cohort, stratified by smoking status

Covariate Smoking exposure category (number, %) Total P-value
(χ2 test)Never, no passive Never, passive Former Current

Total 3636
4.77%

36 135
47.36%

31 804
41.68%

4729
6.20%

76 304

Person-years of follow-up (per 100 000) 0.38 3.82 3.36 0.46
Age group (at enrollment)
<50–59 1059

29.13%
11 321
31.33%

10 219
32.13%

1981
41.89%

24 580 <0.0001

60–69 1524
41.91%

15 679
43.39%

14 487
45.55%

2043
43.20%

33 733

70–79+ 1053
28.96%

9135
25.28%

7098
22.32%

705
14.91%

17 991

BMI category
<25 1691

46.51%
15 409
42.64%

12 899
40.56%

2226
47.07%

32 225 <0.0001

25–<30 1204
33.11%

12 048
33.34%

10 905
34.29%

1525
32.25%

25 682

≥30 741
20.38%

8678
24.02%

8000
25.15%

978
20.68%

18 397

Ethnicity/race
American Indian or Alaskan Native 15

0.41%
140
0.39%

112
0.35%

36
0.76%

303 <0.0001

Asian or Pacific Islander 204
5.61%

1529
4.23%

508
1.60%

82
1.73%

2323

Black or African-American 212
5.83%

2528
7.00%

2087
6.56%

593
12.54%

5420

Hispanic/Latino 246
6.77%

1403
3.88%

741
2.33%

186
3.93%

2576

White (not of Hispanic origin) 2905
79.90%

30 126
83.37%

28 057
88.22%

3785
80.04%

64 873

Other 54
1.49%

409
1.13%

299
0.94%

47
0.99%

809

Prior history of lung cancer
No 3630

99.83%
36 104
99.91%

31 678
99.60%

4716
99.73%

76 128 <0.0001

Yes 6
0.17%

31
0.09%

126
0.40%

13
0.27%

176

Cancer, male relative
No 2504

68.87%
23 136
64.03%

20 225
63.59%

3123
66.04%

48 988 <0.0001

Yes 1132
31.13%

12 999
35.97%

11 579
36.41%

1606
33.96%

27 316

Cancer, female relative
No 1982

54.51%

18 371

50.84%

15 926

50.08%

2491

52.67%

38 770 <0.0001

Yes 1654
45.49%

17 764
49.16%

15 878
49.92%

2238
47.33%

37 534

Education
Primary 100

2.75%
538
1.49%

252
0.79%

79
1.67%

969 <0.0001

Some high school 104
2.86%

1083
3.00%

899
2.83%

249
5.27%

2335

High school 455
12.51%

6416
17.76%

4534
14.26%

840
17.76%

12 245

Some college 913
25.11%

12 928
35.78%

11 976
37.66%

2012
42.55%

27 829

College 9019

Continued
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Table 1. Continued

Covariate Smoking exposure category (number, %) Total P-value
(χ2 test)Never, no passive Never, passive Former Current

537
14.77%

4129
11.43%

3880
12.20%

473
10.00%

Graduate school 1527
42.00%

11 041
30.55%

10 263
32.27%

1076
22.75%

23 907

Supplemental and dietary vitamin D
<400 IU 1822

50.11%
19 047
52.71%

16 374
51.48%

2886
61.03%

40 129 <0.0001

≥400 IU 1814
49.89%

17 088
47.29%

15 430
48.52%

1843
38.97%

36 175

Main occupation
Managerial/professional 1746

48.02%
15 289
42.31%

14 652
46.07%

1829
38.68%

33 516 <0.0001

Technical/sales/admin 638
17.55%

10 629
29.41%

9165
28.82%

1483
31.36%

21 915

Service/labor 604
16.61%

6298
17.43%

4964
15.61%

998
21.10%

12 864

Full-time homemaker 648
17.82%

3919
10.85%

3023
9.51%

419
8.86%

8009

Physical activity (MET hours per week)
0–≤1.67 592

16.28%
6917
19.14%

5442
17.11%

1408
29.77%

14 359 <0.0001

>1.67–≤8.33 943
25.94%

9812
27.15%

7644
24.03%

1458
30.83%

19 857

>8.33–≤20 1130
31.08%

10 811
29.92%

9867
31.02%

1121
23.70%

22 929

>20 971
26.71%

8595
23.79%

8851
27.83%

742
15.69%

19 159

Alcohol intake
Non-drinker 1026

28.22%
6344
17.56%

904
2.84%

179
3.79%

8453 <0.0001

Past drinker 480
13.20%

6338
17.54%

6208
19.52%

953
20.15%

13 979

<1 drink/month 437
12.02%

4724
13.07%

3141
9.88%

630
13.32%

8932

1 drink/month–<1 drink/week 686
18.87%

7658
21.19%

6177
19.42%

876
18.52%

15 397

1–<7 drinks/week 768
21.12%

8263
22.87%

9670
30.40%

1170
24.74%

19 871

≥7 drinks/week 239
6.57%

2808
7.77%

5704
17.93%

921
19.48%

9672

Hormone therapy use (estrogen or progesterone, not as part of WHI study)
Never used 1590

43.73%
14 806
40.97%

11 818
37.16%

2137
45.19%

30 351 <0.0001

Past user 516
14.19%

5192
14.37%

4898
15.40%

689
14.57%

11 295

Current user 1530
42.08%

16 137
44.66%

15 088
47.44%

1903
40.24%

34 658

Oral contraceptives
No 2400

66.01%
22 180
61.38%

17 956
56.46%

2581
54.58%

45 117 <0.0001

Yes 1236

33.99%

13 955

38.62%

13 848

43.54%

2148

45.42%

31 187

Diet: red meat servings per day (avg, SD) 0.55, 0.50 0.60, 0.56 0.58, 0.54 0.77, 0.70 0.60, 0.56 <0.0001
Diet: fruit medium servings per day (avg, SD) 2.27, 1.34 2.11, 1.30 2.01, 1.26 1.47, 1.20 2.04, 1.29 <0.0001
Diet: vegetables medium servings per day (avg, SD) 2.39, 1.40 2.27, 1.33 2.35, 1.36 1.85, 1.22 2.28, 1.35 <0.0001

Continued
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postmenopausal women, whereas most studies have focused on
this relationship in men [7] or in case–control studies [3, 13, 14,
19–21, 27]. FS had lower lung cancer risk than CS, which also
corroborates prior findings [3, 5, 6]. This analysis also confirms
a dose-dependent relationship for active smoking and lung
cancer development [4, 5]. For both CS and FS, lung cancer
risk increased with 5-year pack-year categories up to ≥35
pack-years, suggesting that the dose-dependent relationship of
smoking and lung cancer development continues at high cumu-
lative smoking levels, without plateauing.
Our findings on active smoking and lung cancer subtypes are

also consistent with literature [3, 6, 23, 27]. Smoking had the
strongest relationship with SCLC and SqCC incidence, and the
smallest with adenocarcinoma. Quitting smoking decreases risk
of developing all lung cancer subtypes. We found large HRs and
CIs for SCLC and SqCC among CS, which may have been due
to small number of reference cases. We were unable to examine
passive smoking and lung cancer subtypes due to sample size.
Among NS, we found that passive smokers (ever-exposed, as

well as predefined categories including childhood, adult home,
and work) were not at significantly increased lung cancer risk;
however, several passive exposure categories, particularly adult
home ≥30 years, had elevated point estimates and approached
significance. Literature on passive smoking has been inconsist-
ent with considerable heterogeneity of findings and many case–
control studies, which are more susceptible to recall bias than
cohort studies. While some publications have reported positive
associations [11–14, 17, 27], including dose-dependent relation-
ships [13, 20, 27], other studies have not found significant asso-
ciations between lung cancer incidence and childhood passive
smoking exposure [6, 19, 23, 28], adult spouse/residential
passive smoking [11, 28], and workplace exposure [11, 18].
Additionally, some studies have found these associations only at
extensive levels (40 or 80 pack-years in some cases) or exposure
combinations [18–22, 28].
There are several possible explanations as to why we did not

find a clear association between overall passive smoking and

lung cancer risk. There may be inaccuracies in self-report of
passive exposures, which is likely most pronounced for child-
hood exposures. However, as exposure information was col-
lected at baseline before lung cancer diagnosis, true recall bias is
unlikely. The WHI-OS measured passive smoking exposure in
‘years’ rather than the more precise ‘pack-years’; consequently,
varying exposure levels may be combined into a single category.
However, prospective studies containing passive smoking data
are extremely rare, and self-report of passive smoking pack-
years may be impractical and inaccurate. The relatively small
overall reference group (NS, no passive exposure) also resulted
in wide CIs for some passive smoking categories, and sample
size prevented further passive smoking segmentation.
We must also consider that passive smoking may have a

weaker than expected association with lung cancer development
for postmenopausal women, which some previous prospective
cohort studies have suggested (see supplementary Table S5,
available at Annals of Oncology online, for comparison to prior
prospective studies). Two large Japanese prospective studies
with ∼38 000 total participants found excess but insignificant
lung cancer risk from overall spousal passive smoking, which is
similar to our result [18, 29]; another large Japanese cohort
study found significantly increased risk for wives of heavy
smokers only [22]. The Nurses’ Health Study also found
insignificant associations for passive adult smoking exposure
with lung cancer in US women, though few cases among NS
were reported in the cohort [30]. Additionally, the American
Cancer Society CPS-I/II cohort studies did not find a significant
relationship between passive smoking and lung cancer mortality
(both sexes) [31]. These results from prospective cohort studies
are more conservative than many reviews and case–control
studies [10, 13–17, 23, 27]. Though our results were not statistic-
ally significant, our findings suggest that high levels of passive
smoking exposure may increase lung cancer risk, with adult
home exposure possibly the greatest contributor. Further
passive smoking research is warranted, particularly in a pro-
spective cohort setting with pack-years measurement.

Table 1. Continued

Covariate Smoking exposure category (number, %) Total P-value
(χ2 test)Never, no passive Never, passive Former Current

Total MET hours per week (avg, SD) 14.63, 14.81 13.39, 14.10 14.78, 14.60 9.74, 12.22 13.80, 14.29 <0.0001
General health construct (SF 36) (avg, SD) 75.61, 17.71 74.23, 17.95 74.57, 18.10 71.28, 19.18 74.26, 18.10 <0.0001
Lung cancer during follow-up
No 3620

99.56%
35 999
99.62%

31 273
98.33%

4511
95.39%

75 403 <0.0001

Yes 16
0.44%

136
0.38%

531
1.67%

218
4.61%

901

Died during follow-up
No 3334

91.69%
33 201
91.88%

28 368
89.20%

3901
82.49%

68 804 <0.0001

Yes 302
8.31%

2934
8.12%

3436
10.80%

828
17.51%

7500

χ2 test between different smoking categories. Significant for all categories.
METs, metabolic equivalent tasks; SD, standard deviation.
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Table 2. Cox proportional hazards models for time to lung cancer incidence in the WHI-OS cohort: current/former and never smokers

Models for time to development of lung cancer Cases/
non-cases

Annualized incidence
rates (cases per 100 000
person-years)

Age-adjusted
model hazard ratio
(95% CI)

Multivariable- adjusted
model hazard ratio
(95% CI)

Current/former smokers
Smoking status for the entire cohort (N = 76 304) 901/75 403 112.3 P < 0.001 P < 0.001
Never smoker 152/39 619 36.2 Ref Ref

Former smoker 531/31 273 158.1 4.48 (3.75, 5.38) 4.20 (3.48, 5.08)
Current smoker 218/4511 472.9 15.26 (12.39, 18.79) 13.44 (10.80, 16.74)

Pack-years smoked among current and former smokers (N = 36 484)
Pack-years P < 0.0001 P < 0.0001
0–<5 (reference) 52/11 286 42.9 Ref Ref
5–<10 37/4132 83.0 1.81 (1.19, 2.75) 1.80 (1.18, 2.75)
10–<15 53/4887 100.6 2.26 (1.54, 3.32) 2.26 (1.54, 3.31)
15–<25 143/6231 216.0 3.86 (2.79, 5.32) 3.86 (2.80, 5.35)
25–<35 82/2792 273.3 5.59 (3.94, 7.94) 5.68 (3.98, 8.06)
≥35 382/6456 567.6 9.62 (7.14, 12.99) 9.80 (7.25, 13.33)

Interaction of pack-years with smoking status (former or current) P = 0.4282 P = 0.4910
Pack-years trend P < 0.0001 P < 0.0001
Increase in pack-year category 1.57 (1.49, 1.64) 1.58 (1.50, 1.65)

Never smokers
Any passive smoking exposure among never smokers
only (N = 39 771)

P = 0.6044a P = 0.8449a

No passive exposure 16/3620 42.0 Ref b Ref b

Passive exposure 136/35 999 35.6 0.87 (0.52, 1.45) 0.88 (0.52, 1.49)
Passive exposure categories among never smokers only (N = 39 771)
Live with smoker as a child P = 0.8830 P = 0.8240
No 65/16 766 36.9 Ref c Ref c

Yes 87/22 853 35.7 1.03 (0.73, 1.43) 1.04 (0.74, 1.46)
Live with smoker as adult (adult home) P = 0.3785 P = 0.3012
No 51/15 170 31.4 Ref d Ref d

Yes 101/24 449 39.2 1.17 (0.83, 1.66) 1.21 (0.85, 1.72)
Work with a smoker (work)e P = 0.9544 P = 0.8437
No 48/12 749 35.6 Ref f Reff

Yes 104/26 870 36.5 1.01 (0.72, 1.43) 1.04 (0.73, 1.47)
Interaction of childhood and adult home exposure P = 0.6445 P = 0.5868
Interaction of childhood and work exposure P = 0.9870 P = 0.9906
Interaction of adult home and work exposure P = 0.0792 P = 0.0643
Interaction of childhood, adult home, and work
exposure

P = 0.7872 P = 0.7843

Passive exposure durations/categories among never smokers only (N = 39 771)
Childhood exposure category P = 0.9928 P = 0.9783
No childhood exposure 65/16 766 36.9 Ref c Ref c

<10 years 13/3552 34.6 1.02 (0.56, 1.85) 1.03 (0.57, 1.88)
10–18 years 74/19 301 35.9 1.02 (0.72, 1.45) 1.04 (0.73, 1.47)

Adult home exposure category P = 0.3406 P = 0.2448
No adult home exposure 51/15 170 31.4 Ref d Ref d

<20 years 52/14 211 34.1 1.09 (0.74, 1.63) 1.11 (0.74, 1.65)
20–<30 years 17/4560 35.8 1.07 (0.61, 1.88) 1.11 (0.63, 1.96)
≥30 years 32/5678 55.0 1.52 (0.95, 2.42) 1.61 (1.00, 2.58)

Work exposure category P = 0.4017 P = 0.4349
No work exposure 48/12 749 35.6 Ref f Reff

<10 years 59/14 281 38.5 1.14 (0.78, 1.67) 1.16 (0.79, 1.70)
10–<20 years 18/6385 26.5 0.72 (0.42, 1.24) 0.74 (0.43, 1.29)
≥20 years 27/6204 42.0 1.02 (0.63, 1.64) 1.05 (0.64, 1.72)

Passive exposure combinations among never smokers only (N = 39 771)
Category of exposure P = 0.4438 P = 0.2938
No passive exposure
(childhood, adult home, work)

16/3620 42.0 Ref b Ref b

Continued
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strengths and limitations of the study
Strengths of our study include the prospective cohort design,
large size and geographical distribution, high number and

pathological confirmation of lung cancer cases/subtypes, and
detailed information on active/ passive smoking exposure vari-
ables in multiple settings and confounders. Limitations include

Table 2. Continued

Models for time to development of lung cancer Cases/
non-cases

Annualized incidence
rates (cases per 100 000
person-years)

Age-adjusted
model hazard ratio
(95% CI)

Multivariable- adjusted
model hazard ratio
(95% CI)

Adult home + work + no childhood 49/13 146 35.5 0.81 (0.46, 1.43) 0.83 (0.47, 1.46)
Any childhood + no adult home or work 9/2338 35.4 0.97 (0.43, 2.20) 0.96 (0.42, 2.17)
Childhood <10 + any adult (work or home) 13/3043 40.5 1.01 (0.49, 2.11) 1.04 (0.50, 2.18)
Childhood≥ 10 + adult <20 + work <10 years 21/7467 25.8 0.70 (0.36, 1.34) 0.70 (0.36, 1.36)
Childhood≥ 10 + adult <20 + work≥ 10 years 5/2186 21.1 0.56 (0.20, 1.53) 0.57 (0.21, 1.58)
Childhood≥ 10 + adult≥ 20 + work <10 years 5/1425 33.6 0.83 (0.30, 2.25) 0.81 (0.30, 2.24)
Childhood≥ 10 + adult≥ 20 + work≥ 10 years 2/535 35.7 0.87 (0.20, 3.79) 0.96 (0.22, 4.22)
Childhood≥ 10 + adult < 30 + work≥ 20 years 8/2381 32.0 0.76 (0.33, 1.78) 0.80 (0.34, 1.89)
Childhood≥ 10 + adult≥ 30 + work < 20 years 15/2390 60.7 1.35 (0.67, 2.73) 1.48 (0.72, 3.04)
Childhood≥ 10 + adult≥ 30 + work≥ 20 years 9/1088 81.1 1.76 (0.78, 3.98) 1.96 (0.85, 4.55)

Multivariable-adjusted model is adjusted for age group, BMI category, ethnicity, prior history of lung cancer, family history of cancer in female and
male relatives, education, vitamin D category, main occupation, hormone therapy use, oral contraceptive use, fruit servings per day, vegetable servings
per day, red meat servings per day, alcohol use and physical activity.
Models of pack-years among current and former smokers further adjust for age started smoking.
All passive exposure categories defined a priori.
aAll P-values in this table represent Global Wald t-tests.
bNo passive smoking exposure during childhood, adult home, or work. Note: Reference groups in this table differ depending on category of passive
smoking tested.
cNo passive smoking exposure during childhood only.
dNo passive smoking exposure during adult home only.
eWork passive smoking exposure is likely to be during adulthood, but not explicitly defined as such.
fNo passive smoking exposure during work only.
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Figure 1. Event-free survival estimates with (A) number of subjects at risk, stratified by smoking status; and (B) number of subjects at risk, with further stratifi-
cation of never smokers (passive/no passive exposure). Kaplan–Meier event-free survival plots are presented stratified by smoking status (current, former, never–
no passive, and never-passive). Log-rank test of equality over smoking categories has P < 0.0001. When never smokers are further segmented, the hazards for

never, no passive exposure and never, passive exposure cross over each other at several points and do not seem to be different from each other.
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collection of passive smoking exposure as ‘years’ rather than
‘pack-years’, and potential inaccuracies in self-reported data.
Our analytic cohort also had a relatively small overall reference
group (NS without passive exposure). We used baseline values
for smoking status, as data were collected at study entry.
However, as there were relatively few CS, exposure misclassifica-
tion was likely minimal. Yearly WHI reassessments indicated
that 99% of NS abstained from smoking, and ∼60% of CS con-
tinued smoking for 6 follow-up years. Lastly, the cohort was pri-
marily Caucasian.

conclusions and policy recommendations
In conclusion, for a prospective cohort of US postmenopausal
women, our study confirms literature findings that smoking
increases the risk of all lung cancer subtypes. This relationship is
dose-dependent with no plateau up to 35 pack-years. Smoking
cessation decreases lung cancer risk. Our study did not find a
significant relationship between overall passive smoking expos-
ure and lung cancer among NS; however, adult home exposure
≥30 years was associated with borderline significant elevations
in risk, suggesting that high levels of passive smoking may con-
tribute to lung cancer risk. These passive smoking findings are
intriguing and add to the controversy on this subject; more
precise pack-years quantification of passive smoking in a

prospective cohort setting is warranted. This study focused only
on smoking and lung cancer; public policy must also consider
that active and passive smoking have been established as
strong contributors to morbidity and mortality associated with
many health conditions, including cardiopulmonary disease,
other cancers, and pregnancy complications and asthma in
children [32].
As lung cancer is the leading cause of US cancer deaths, our

prospective study underscores the need for development and
implementation of smoking prevention and cessation interven-
tions for all ages, and for women as well as men. Additionally,
given the high incidence and mortality of lung cancer with at
least 10%–15% cases occurring NS in the United States [8, 9],
our results suggest that more research is needed on non-
smoking-related lung cancer risk factors, including but not
limited to genetic, behavioral, hormonal, dietary, and environ-
mental factors.
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Table 3. Multinomial logistic regression models NSCLC and SCLC incidence by smoking status in the WHI-OS cohort

Lung cancer histology Cases/non-cases Annualized incidence
rates (cases per 100 000
person-years)

Odds ratios by smoking status (95% CI) P-value

Never
smoker

Former smoker
(95% CI)

Current smoker
(95% CI)

NSCLC/SCLC (N = 76 267)a

Age-adjusted model
NSCLC 785/75 403 97.9 Ref 4.66 (3.84, 5.66) 13.81 (10.99, 17.35) <0.0001
SCLC 79/75 403 9.9 Ref 17.95 (5.57, 57.91) 113.29 (34.73, 369.53)

Multivariable-adjusted model
NSCLC 785/75 403 97.9 Ref 4.22 (3.45, 5.16) 12.05 (9.48, 15.32) <0.0001
SCLC 79/75 403 9.9 Ref 16.76 (5.12, 54.86) 100.84 (30.13, 337.45)

Further lung cancer histology breakdown (N = 76 267)a

Age-adjusted model
NSCLC: adenocarcinoma 441/75 403 55.0 Ref 3.62 (2.87, 4.57) 7.28 (5.35, 9.91) <0.0001
NSCLC: squamous cell 119/75 403 14.8 Ref 21.09 (7.69, 57.83) 120.10 (43.29, 333.23)
NSCLC: large cell/
neuroendocrine/other

56/75 403 7.0 Ref 5.23 (2.52, 10.86) 12.52 (5.16, 30.36)

NSCLC: unspecified 169/75 403 21.1 Ref 6.10 (3.80, 9.77) 24.43 (14.62, 40.82)
SCLC 79/75 403 9.9 Ref 17.95 (5.57, 57.91) 113.29 (34.73, 369.53)

Multivariable-adjusted model
NSCLC: adenocarcinoma 441/75 403 55.0 Ref 3.27 (2.56, 4.16) 6.75 (4.88, 9.32) <0.0001
NSCLC: squamous cell 119/75 403 14.8 Ref 18.55 (6.69, 51.47) 86.80 (30.66, 245.72)
NSCLC: large cell/
neuroendocrine/other

56/75 403 7.0 Ref 5.21 (2.46, 11.06) 12.87 (5.10, 32.43)

NSCLC: unspecified 169/75 403 21.1 Ref 5.37 (3.31, 8.72) 19.42 (11.36, 33.21)
SCLC 79/75 403 9.9 Ref 16.76 (5.12, 54.86) 100.84 (30.13, 337.45)

aSample size is reduced as participants for whom NSCLC/SCLC histology was not assigned were excluded from the subtype analysis (32 ‘other’ cases
and 5 missing cases—this results in a total of N = 864 cases with known histology rather than N = 901 total cases, and N = 76 267 total sample size
rather than N = 76 304 total sample size).
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