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ABSTRACT

Background: Prior research suggests that vitamin D protects
against lung cancer only among certain subgroups.

Objectives: We investigated whether vitamin D intake was associ-
ated with lung cancer and explored whether vitamin A intake mod-
ified the association.

Design: Prospective cohort data from 128,779 postmenopausal
women, including 1771 incident lung cancers in the Women’s Health
Initiative (Clinical Trials and Observational Study) 1993-2010, were
analyzed. Twelve percent of women received active intervention
(1 g Ca + 400 IU vitamin D3/d) in the Calcium/Vitamin D Trial.
Baseline total intake included both dietary intake (from food-frequency
questionnaires) and supplement intake (from bottle labels). HRs
were estimated by Cox proportional hazard models.

Results: No significant association was observed overall. Among
never smokers, a total vitamin D intake =400 IU/d was significantly
associated with lower risks of lung cancer (HR: 0.37; 95% CI: 0.18,
0.77 for =800 compared with <100 IU/d; P-trend = 0.01). No
significant effect modification of total vitamin A intake on the as-
sociation between total vitamin D intake and lung cancer was found.
However, the Calcium/Vitamin D Trial active intervention was sig-
nificantly associated with a lower lung cancer risk only among
women with a vitamin A intake <1000 wg/d retinol activity equiv-
alents (HR: 0.69; 95% CI: 0.50, 0.96; P-interaction = 0.09).
Conclusions: Vitamin D intake was associated with a lower lung
cancer risk in never-smoking, postmenopausal women. Lower vita-
min A intake may be important for a beneficial association of 1 g Ca
+ 400 IU vitamin D3 supplementation with lung cancer. This trial was
registered at clinicaltrials.gov as NCT00000611. Am J Clin Nutr
2013;98:1002-11.

INTRODUCTION

Lung cancer is the leading cause of cancer death in women
in the United States (1). In addition to smoking cessation, novel
prevention strategies are needed because half of lung cancer cases
in women are not attributed to smoking (2).

Whereas associations of vitamin D intake or status with several
cancer sites have been proposed (3), current evidence is con-
troversial (4), and few studies have examined the association
between lung cancer and vitamin D. Two Finnish studies showed
nonsignificant, inverse associations of serum concentrations of
25-hydroxyvitamin D—the standard biomarker for assessing
vitamin D status—with lung cancer risk overall, although the
associations were significant in subgroups, including those whose
blood was drawn during darker months (5) and in women (6). In
US populations, high serum 25-hydroxyvitamin D concentrations
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were significantly associated with higher lung cancer mortality
in men (7), but with lower lung cancer mortality in nonsmoking
men and women (8). Another US study showed a nonsignificant,
inverse association between lung cancer incidence and plasma
25-hydroxyvitamin D concentrations predicted from vitamin D
intake and demographic and lifestyle factors in men (9). Finally,
in the Women’s Health Initiative (WHI)4, randomized, placebo-
controlled trial supplementation with daily calcium carbonate (1 g)
and vitamin D5 (400 IU) in otherwise healthy postmenopausal
women resulted in fewer lung cancers in the supplement group
[109 (0.09% annualized rate) compared with 126 (0.10%); HR:
0.86; 95% CI: 0.67, 1.12], but the difference was not statistically
significant (P = 0.26) (10).

In addition to the 36,282 postmenopausal women participating
in the WHI Calcium/Vitamin D supplementation trial, 125,526
other postmenopausal women participated in the WHI Obser-
vational Study or the 2 other WHI Clinical Trials. In this study,
we used the entire WHI population to determine whether total
vitamin D intake (diet plus supplements) was associated with lung
cancer risk. In addition, recent data suggest that excess circulating
vitamin A may attenuate a beneficial association of 25-hydrox-
yvitamin D concentrations with lung cancer mortality (8). The
biological mechanism involves excess cellular 9-cis-retinoic acid,
an active metabolite of vitamin A, competing for retinoid X re-
ceptor with vitamin D receptor (11, 12). We investigated this
hypothesis by examining effect modification of vitamin A intake
on the association between vitamin D intake and lung cancer.
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VITAMIN D AND LUNG CANCER

SUBJECTS AND METHODS

WHI overview

Eligible, interested, and consenting women aged 50-79 y at
baseline joined the WHI between 1993 and 1998, either in one
of the clinical trials (n = 68,132) or the observational study (n =
93,676). The 3 clinical trial components included trials of hormone
therapy for women with or without a uterus (without a uterus,
estrogen only compared with placebo, n = 10,739; with a uterus,
estrogen plus progesterone compared with placebo, n = 16,608)
and dietary modification behavioral intervention, ie, a low-fat di-
etary pattern compared with a comparison group (n = 48,835).
The third trial was offered to women participating in one of the
hormone therapy trials or the dietary modification trial: Cal-
cium/Vitamin D supplementation compared with placebo (n =
36,282) (13). A partial factorial design was used for the clinical
trial program, whereby participants could be randomly assigned
to 1, 2, or all 3 of the components, thus providing a cost-efficient
model.

Study participants

The current study included all WHI participants in the Clinical
Trials and Observational Study. We excluded participants who
had 7) a history of conditions that affect vitamin D and/or calcium
metabolism, including ulcerative colitis, Crohn disease, part of the
intestines removed, high blood calcium, liver diseases, dialysis for
kidney failure, and a malignancy other than nonmelanoma skin
carcinoma (14, 15) (n = 22,955); 2) an implausible BMI (in
kg/m?; <15.0 or >50.0; n = 854) and/or an estimated energy
intake from a baseline food-frequency questionnaire [<600 or
>4000 kcal/d (n = 4598)]; and 3) missing data on baseline
intake from diet (n = 299), supplement use (n = 2), follow-up time
(n = 697), or covariates for multivariate analyses (n = 4698). As
a result, 128,799 participants entered statistical analyses.

Outcome ascertainment

Participants reported lung cancer diagnoses at each follow-up
semiannually in the Clinical Trials and annually in the Observa-
tional Study. Trained study physicians, blinded to WHI study com-
ponents and randomization allocations, at local clinics confirmed
and adjudicated cases by reviewing medical records (16). Tumor
histologic subtype was coded by using the Surveillance, Epi-
demiology, and End Results guidelines (17). As of 30 September
2010, the current study included 1701 incident cases of lung
cancer; 99.5% (1693) cases had tumor histologic data. Median
follow-up was 12.7 y, and 6.7% of women were lost to follow-up.

Assessment of dietary and supplemental intake

Dietary intake at baseline was assessed by a self-administered
food-frequency questionnaire (FFQ) developed specifically for
the WHI (18). Among the subgroup of women who also completed
an additional dietary intake assessment, correlation coefficients
between the FFQ and 8 d of dietary intake (four 24-h recalls and
a 4-d food record) were 0.70 for vitamin D, 0.30 for retinol, and
0.52 for B-carotene. Nutrient values were calculated based on the
Nutrition Data Systems for Research version 2006, University
of Minnesota Nutrition Coordinating Center food and nutrient
database augmented with manufacturers’ data. Information on
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usual use of vitamin and mineral supplements was collected
by a simplified inventory system (19). Participants were asked
to bring their supplement bottles to the baseline clinic visit,
and trained staff entered doses of vitamins and minerals based on
the bottle labels. Only supplements used once per week or more
were transcribed. The frequency (pills per week) and duration
(months taken last year and total years taken) of use were also
queried. The median duration of vitamin D supplement use was
5y (IQR: 2-11 y) among the users.

For both Clinical Trials and Observational Study participants,
the average daily intake of total vitamin D, vitamin A, and calcium
were calculated by summing food and supplement sources together.
Vitamin A was expressed as ug retinol activity equivalent (RAE)
because it consists of a wide range of compounds, including ret-
inol and carotenoids. The calculations of RAE for dietary and
supplemental intake were as follows (20):

Dietary intake = ug retinol + (ug f-carotene equivalent+12),

where [-carotene equivalent

= ug f-carotene + 1/2(ug a-carotene (1)
+ug f-cryptoxanthin);

supplemental intake = pg retinol
+ (ug p-carotene equivalent+2). (2)

For participants in the active intervention arm of the Calcium/
Vitamin D Trial, we did not combine their vitamin D intake from the
intervention supplementation (400 IU/d) with the estimated average
daily intake from food and supplements because the intervention
began 12-24 mo after baseline and continued for 8 y with close
monitoring. We therefore treated the Calcium/Vitamin D Trial as
a separate indicator variable in regression models. Calcium/Vitamin
D Trial participants were allowed to continue their own personal use
of calcium and vitamin supplements as long as the dose of vitamin
D did not exceed 600 IU (1000 IU from 1999 onward). Adher-
ence to intervention was assessed by weighing returned pill bot-
tles; =50% of the participants adhered to =80% or more of the
study medication throughout the trial (21).

Covariate assessment

Covariates—including age, race-ethnicity, education level,
hormone use, smoking habits, and physical activity at baseline—
were collected by standardized, self-administered questionnaires.
Participants were asked whether they had smoked =100 cigarettes
in their lifetime and if they smoked currently to identify current
and former smokers; an individual was a former smoker if she did
not smoke currently but had smoked in the past. The number of
cigarettes smoked per day and the number of years as a regular
smoker were also queried. Never smokers were defined as those
who had not smoked >100 cigarettes in their lifetime (22).
Weight and height at baseline were measured by trained staff.
Baseline data on environmental tobacco smoke (ETS) expo-
sure at home and at work since age 18 y and number of months and
average duration of doing yard work (such as mowing, raking,
gardening, or shoveling snow) were collected only in the Obser-
vational Study. Information on sun exposure history, including
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time spent outdoors and current usual sunscreen use was collected
from the follow-up year 4 questionnaire in the Observational
Study (23). Time spent outdoors in summer and other seasons
was queried both for the current year (ie, the time of WHI as-
sessment) and between 30 and 39 y of age.

Statistical analysis

Lung cancer risks were estimated for categorical (<100, 100
to <200, 200 to <400, 400 to <600, 600 to <800, and =800
IU/d) and linear (per 100-IU/d increment) total vitamin D in-
takes in separate models. We chose these cutoffs because they
reflect population intake levels and are relevant to maintaining
desirable vitamin D status for bone health: 200 IU/d, approxi-
mately the median level of US women in all ages; 400 IU/d, the
Estimated Average Requirement for all ages; 600 and 800 IU/d,
the Recommended Dietary Allowance for =70 y and =71 vy,
respectively (24). The categories were restratified into fewer
categories for analyses by histology (<100, 100 to <400, and
=400 IU/d) and for effect modification analyses (<400 and =400
IU/d) to maintain sufficient numbers of lung cancer cases in each
stratum. HRs and 95% CIs for lung cancer were estimated by
Cox’s proportional hazards models. Participants contributed
follow-up time from the enrollment to the date of lung cancer
diagnosis, date of death from causes other than lung cancer, the
last documented follow-up contact, or 30 September 2010, which-
ever came first. The proportionality assumption was examined
by testing whether scaled Schoenfeld residuals for total vita-
min D intake were associated with survival time (25); the as-
sumption was fulfilled (P = 0.81). Multivariate models for
assessing the association of total vitamin D intake included
baseline covariates that were chosen a priori: age (continuous),
region (northeast, south, midwest, west), race-ethnicity (non-
Hispanic White, black/African American, Hispanic, other),
education level (high school or less, school after high school,
college degree or higher, unknown), treatment assignments of
the Hormone Therapy trials (26), Calcium/Vitamin D Trial
active intervention, BMI (<25.0, 25.0 to <30.0, or =30.0),
frequency of walking outside =10 min (rarely/never, 1-3
times/mo, 1 time/wk, 2-3 times/wk, 4-6 times/wk, or =7 times/
wk), smoking status (current, former, or never), number of ciga-
rettes smoked per day (<1, 1-4, 5-14, 15-24, 25-34, 3544, or
=45), total years of smoking (<5, 5-9, 10-19, 20-29, 30-39, 40—
49, or =50), total vitamin A intake (<700, 700 to <2000, or
=2000 ug/d RAE), total calcium intake (<800, 800 to <1500,
1500 mg/d), and energy intake (continuous). Study center region
and time of walking outdoors were proxies for sunlight exposure
(27, 28). Although the use of hormone therapy may increase
serum 25-hydroxyvitamin D concentrations (27), there was no
interaction of the Hormone Therapy Trial interventions with total
vitamin D intake (P = 0.59; likelihood ratio test) or the Calcium/
Vitamin D Trial intervention (P = 0.63; likelihood ratio test) for
lung cancer risk. Additional baseline variables, including WHI
study components, treatment assignments of the Dietary Modifica-
tion Trial, use of oral contraceptives, use of hormone replacement
therapy, history of nonmelanoma skin cancer, and alcohol use,
made no meaningful contribution to models or changes to risk
estimates in all women or never smokers. Thus, only the a priori
set of covariates was included in the final models. Linear trends of
risk estimates were examined by Wald tests (1 df) of an ordinal
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variable of total vitamin D intake categories. Cox models were
performed for all women and by a priori smoking status sub-
groups (current, former, and never smokers) whenever possible.
Calcium/Vitamin D Trial active intervention was modeled as
a time-dependent variable, allowing the hazard of lung cancer to
vary before, during, and after (2005 onward) the trial (25). Risks
for a histologic subtype of lung cancer were estimated by com-
peting risk models, censoring the other subtypes in addition to
deaths and the end of follow-up (25). We evaluated whether
preclinical lung cancer affected vitamin D intake by excluding
women with a diagnosis of lung cancer made within 2 y of study
entry. To evaluate the potential healthy user effect of multivitamin
supplement use (29), lung cancer risks were estimated among
participants who did not use multivitamin supplements.

To evaluate effect modification, we stratified the associations
of total vitamin D intake and Calcium/Vitamin D Trial active
intervention by total vitamin A intake category (=3000, 2999—
1000, <1000 wg/d RAE). We considered total vitamin A intake
=3000 ng/d RAE as excess intake because it is the Tolerable
Upper Intake Level for preventing liver toxicity in adults (20).
Also, a vitamin A intake =3000 wg/d RAE can lead to excess
circulating vitamin A (ie, serum retinyl esters concentrations
=7.0 wg/dL) in elderly (30-32). The lower cutoff of 1000 ug/d
RAE was chosen because the level is relatively close to the
Dietary Reference Intake (900 and 700 wg/d RAE for males and
females, respectively) (20). Interaction was examined by like-
lihood ratio tests (1 df) on separate models before and after
entering a cross-product term of total vitamin D intake or Cal-
cium/Vitamin D Trial active intervention and total vitamin A
intake (all ordinal variables).

Sensitivity analyses were conducted by further considering ETS
and sun exposure as confounders in Observational Study partic-
ipants. First, we additionally included ever ETS exposure at home
(yes or no) and at work (yes or no) (33), months of yard work per
year (<1, 1-6, or =7 mo), and weekly duration of yard work
(<0.5, 0.5-2, or >2 h) in main-effect models. Second, the main
effect was stratified by time spent outdoors (<0.5, 0.5-2, or >2 h/d),
additionally adjusting usual sunscreen use (no use, sun protective
factor 2-24, or sun protective factor =25). Participants in this
analysis contributed person-years from the date when the year
4 questionnaire was returned. In addition, we performed lag
analyses for the Calcium/Vitamin D Trial active intervention by
assessing the effect 1 and 2 y after the randomization and by
extending the follow-up to years 1, 2, and 3 in the posttrial period.
Also, because high calcium intake is associated with a lower risk
of lung cancer (34, 35), we stratified data by total calcium intake
(=1 or <1 g/d) to investigate whether it modified the association
of the Calcium/Vitamin D Trial active intervention with lung
cancer risk. All statistical tests were 2-sided; statistical signifi-
cance was defined as P < 0.05. Statistical analyses were con-
ducted by using STATA (version 12.0; StataCorp).

RESULTS

Select baseline characteristics of the participants by their total
vitamin D intake are shown in Table 1. Higher vitamin D intake
was more likely to be observed among those of older age, with
a lower BMI, living in northeast or midwest regions, who were
non-Hispanic whites, with high education attainment, not par-
ticipating in the Hormone Therapy Trials or Calcium/Vitamin D
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Trial, walking outside more frequently, and who never smoked
(all P < 0.001).

Multivariate-adjusted associations of total vitamin D intake
with lung cancer risk are shown in Table 2. No significant
associations were observed among all women, current smokers,
or former smokers. Among never smokers, lower risks of lung
cancer were observed among those with total vitamin D intake
=100 IU/d. Compared with <100 IU/d, total vitamin D intake
=400 IU/d was significantly associated with lower lung cancer
risks (HR: 0.55; 95% CI: 0.31, 0.83), 0.55 (0.31, 0.96), and 0.37
(0.18, 0.77) for 400 to <600, 600 to <800, and =800 IU/d,
respectively; P-trend = 0.01). The observed associations did not
materially change after further adjustment for ETS exposure and
time doing yard work (see Supplemental Table 1 under “Sup-
plemental data” in the online issue) among multivitamin non-
users (see Supplemental Table 2 under “Supplemental data” in
the online issue) or after exclusion of lung cancer cases di-
agnosed within the first 2 y of follow-up (data not shown). In the
analysis of histologic subtypes (Table 3), total vitamin D intake
=400 compared with <100 IU/d was significantly associated
with lower risks of non-small cell lung cancer; HR: 0.37;
95% CI: 0.22, 0.64; P-trend < 0.001) among never smokers
(P-interaction by smoking status = 0.029). No significant asso-
ciations were observed for squamous cell carcinoma and small
cell lung cancer with total vitamin D intake =400 compared
with <100 IU/d (Table 3) or =400 compared with <400 IU/d (see
Supplemental Table 3 under “Supplemental data” in the online
issue).

Among all women, no significant effect modification of total
vitamin A intake was observed for total vitamin D intake and lung
cancer risk associations (Table 4). Women randomly assigned to
the Calcium/Vitamin D Trial active intervention had a non-
significant, 13% lower lung cancer risk compared with those
randomly assigned to placebo plus those not in the trial (HR:
0.87; 95% CI: 0.70, 1.07). The association remained non-
significant when the effect was lagged for 2 y after the ran-
domization (HR: 0.85; 95% CI: 0.66, 1.08) or when the follow-up
was extended for 1 y in the posttrial period (HR: 0.84; 95% CI:
0.69, 1.03) (data not shown). The association was not materially
different by baseline total calcium intake (see Supplemental Table
4 under “Supplemental data” in the online issue). In the analyses
of effect modification of total vitamin A intake, the risk of lung
cancer associated with the active intervention was signifi-
cantly lower among women with total vitamin A intake <1000
pg/d RAE (HR: 0.69; 95% CI: 0.50, 0.96; P-interaction =
0.09; Table 4). Significant effect modification by total vitamin
A intake was observed among current smokers. Among cur-
rent smokers with total vitamin A intake =3000 ug/d RAE,
the Tolerable Upper Intake Level specified by the Institutes of
Medicine, the active intervention was significantly associated
with a higher lung cancer risk (HR: 2.26; 95% CI: 1.02, 5.01),
but not among those with total vitamin A intake <3000 wg/d RAE
(P-interaction = 0.01).

Among Observational Study participants with less time spent
outdoors (<0.5 h/d) in summer this year, we observed an inverse
association of borderline significance between total vitamin D
intake and lung cancer risk (P-trend = 0.063; Table 5). This
association significantly differed from that among participants
with more time spent outdoors (0.5-2 compared with >2 h/d;
P-interaction = 0.02).

Multivariate-adjusted lung cancer risk by total vitamin D intake category: WHI Clinical Trials and Observational Study, 1993-2010 (n = 128,779)’

TABLE 2

Total vitamin D intake (IU/d)?

<100 100 to <200 200 to <400 400 to <600 600 to <800 =800 P-trend

Per 100 IU

106
0.92 (0.69, 1.21)

218
0.90 (0.71, 1.14)

418
0.88 (0.73, 1.07)

283
0.90 (0.74, 1.09)

385
0.94 (0.80, 1.10)

291

1.00 (Ref)

1701
1.00 (0.97, 1.02)

All women (n)

0.39

HR (95% CI)
Current smokers (1)

27
1.03 (0.60, 1.76)

65
1.40 (0.91, 2.17)

119
1.04 (0.73, 1.49)

87
1.29 (0.91, 1.81)

130
1.15 (0.88, 1.52)

99

1.00 (Ref)

527
0.99 (0.94, 1.04)

0.53

HR (95% CI)
Former smokers (1)

62
1.07 (0.74, 1.55)

112
0.81 (0.59, 1.11)

236
0.91 (0.70, 1.19)

135
0.77 (0.59, 1.01)

201
0.91 (0.73, 1.14)

147

1.00 (Ref)

896
1.01 (0.98, 1.04)

0.76

HR (95% CI)
Never smokers (1)

14
0.37 (0.18, 0.77)

41
0.55 (0.31, 0.96)

63
0.55 (0.31, 0.83)

61
0.71 (0.45, 1.12)

54
0.68 (0.45, 1.03)

45

1.00 (Ref)

278
0.94 (0.88, 1.01)

0.01

HR (95% CI)

" Adjusted for age, region, race-ethnicity, education, Hormone Therapy Trial treatment assignment, Calcium/Vitamin D Trial active intervention (time-dependent), BMI, smoking status (for all women

only), number of cigarettes per day (for all women and current and former smokers), duration of regular smoking in years (for all women and current and former smokers), frequency of walking outside for >10

min, total vitamin A intake, total calcium intake, and energy intake. Ref, referent; WHI, Women’s Health Initiative.

0.07 for the

2 Baseline total vitamin D intake was assessed for all WHI participants. The intake does not include the active intervention (1 g Ca + 400 IU vitamin D/d) of the Calcium/Vitamin D Trial. P

interaction of total vitamin D intake and smoking for lung cancer risk (likelihood ratio test).
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Multivariate-adjusted lung cancer risk within histologic subtypes by total vitamin D intake category: WHI Clinical Trials and Observational Study,

19932010/

Total vitamin D intake (IU/d)’

Histologic subtype’ Per 100 TU <100 100 to <400 =400 P-trend
Non-small cell lung cancer
All women (n) 1104 198 419 487
HR (95% CI) 0.98 (0.95, 1.01) 1.00 (Ref) 0.85 (0.71, 1.03) 0.80 (0.63, 1.01) 0.06
Current smokers (n) 306 56 123 127
HR (95% CI) 0.99 (0.93, 1.05) 1.00 (Ref) 1.25 (0.88, 1.77) 1.19 (0.76, 1.86) 0.43
Former smokers (1) 604 108 216 280
HR (95% CI) 0.99 (0.95, 1.03) 1.00 (Ref) 0.76 (0.59, 0.98) 0.80 (0.59, 1.09) 0.21
Never smokers (1) 194 34 80 80
HR (95% CI) 0.92 (0.85, 1.00) 1.00 (Ref) 0.63 (0.40, 0.99) 0.37 (0.22, 0.64) <0.001
Adenocarcinoma
All women (n) 785 139 306 340
HR (95% CI) 0.97 (0.93, 1.00) 1.00 (Ref) 0.88 (0.70, 1.10) 0.77 (0.59, 1.02) 0.07
Current smokers, n 176 33 75 68
HR (95% CI) 0.98 (0.90, 1.07) 1.00 (Ref) 1.48 (0.95, 2.30) 1.34 (0.74, 2.45) 0.27
Former smokers (n) 437 75 159 203
HR (95% CI) 0.98 (0.93, 1.03) 1.00 (Ref) 0.79 (0.58, 1.07) 0.83 (0.57, 1.19) 0.36
Never smokers (1) 172 31 72 69
HR (95% CI) 0.91 (0.83, 0.99) 1.00 (Ref) 0.62 (0.39, 1.00) 0.34 (0.19, 0.60) <0.001
Squamous cell carcinoma®
All women (n) 236 45 77 114
HR (95% CI) 1.03 (0.97, 1.09) 1.00 (Ref) 0.69 (0.45, 1.04) 0.86 (0.52, 1.44) 0.64
Current smokers () 105 17 37 51
HR (95% CI) 1.03 (0.94, 1.13) 1.00 (Ref) 1.00 (0.52, 1.90) 1.27 (0.57, 2.79) 0.54
Former smokers (n) 120 26 37 57
HR (95% CI) 1.02 (0.94, 1.11) 1.00 (Ref) 0.51 (0.29, 0.90) 0.57 (0.29, 1.15) 0.13
Small cell lung cancer”
All women (n) 176 35 69 72
HR (95% CI) 1.00 (0.93, 1.09) 1.00 (Ref) 0.87 (0.55, 1.37) 0.79 (0.44, 1.40) 0.42
Current smokers () 93 21 40 32
HR (95% CI) 0.91 (0.81, 1.03) 1.00 (Ref) 0.80 (0.44, 1.46) 0.49 (0.23, 1.06) 0.07
Former smokers (n) 77 14 28 35
HR (95% CI) 1.07 (0.98, 1.16) 1.00 (Ref) 0.97 (0.48, 1.96) 1.30 (0.53, 3.22) 0.57

! Adjusted for age, region, race-ethnicity, education, Hormone Therapy Trials treatment assignment, Calcium/Vitamin D Trial active intervention (time-
dependent), BMI, smoking status (for all women only), number of cigarettes per day (for all women and current and former smokers), duration of regular
smoking in years (for all women and current and former smokers), frequency of walking outside for >10 min, total vitamin A intake, total calcium intake, and

energy intake. Ref, referent; WHI, Women’s Health Initiative.

2 Histologic subtypes were based on the WHO Classification of Tumors for tumors of the lung. Non—small cell lung cancer includes squamous cell
carcinoma, adenocarcinoma, large cell carcinoma, sarcomatoid carcinoma, and pleomorphic carcinoma.

3 The intake does not include the active intervention (1 g Ca +400 IU vitamin D3/d) of the Calcium/Vitamin D Trial. P = 0.029 for the interactions of total
vitamin D intake and smoking for non—small cell lung cancer, 0.12 for adenocarcinoma, 0.07 for squamous cell carcinoma, and 0.33 for small cell lung cancer

(likelihood ratio tests; df = 1).

#Data for never smokers are not shown because of the small number of cases in the histologic subtype (n < 30).

DISCUSSION

In the WHI, we found that among never-smoking, post-
menopausal women, total vitamin D intake =400 IU/d was
associated with a significantly lower risk of lung cancer. To our
knowledge, this was the first study to report dietary vitamin D in-
take and lung cancer risk in postmenopausal women. The finding
among never smokers has been suggested in a serological in-
vestigation of serum 25-hydroxyvitamin D concentrations and
lung cancer mortality (8). Studying the association among never
smokers is important because smoking is a strong risk factor for
lung cancer and may influence vitamin D metabolism (36)—a pos-
sible explanation for the null results in previous research (5-7).

The anticarcinogenic functions of vitamin D in regulating cell
proliferation and angiogenesis are relevant to lung tumorigenesis.

Vitamin D inhibits lung cancer signaling pathways, including
mutations in epidermal growth factor receptor, Wnt-$-catenin
dysregulation, and vascular endothelial growth factor (37, 38).
Also, vitamin D promotes G1 cell-cycle arrest through signaling
cyclin-dependent kinase inhibitors p21 and p27 (39). Both p21
and p27 proteins cooperate closely with the ras oncogene family
(40, 41), and K-ras often mutates in adenocarcinoma (42). Our
observation that vitamin D intake was inversely associated
with adenocarcinoma among never smokers but not with other
histologic types of lung cancer or among smokers provides im-
portant biological implications. Adenocarcinoma occurs in never
smokers more often than in smokers, compared with other his-
tologic subtypes (2). Thus, one could hypothesize that vitamin D
may be more effective at preventing or reversing the mutations



1008 CHENG ET AL

TABLE 4
Effect modification of total vitamin A intake on the associations of total vitamin D intake and Calcium/Vitamin D Trial active intervention with lung cancer
risk in the WHI Clinical Trials and Observational Study: 1993-2010 (n = 128,779)!

Calcium/Vitamin D Trial
active intervention®

Total vitamin D
intake (IU/d)’

<400 =400 No Yes
n HR (95% CI) n HR (95% CI) n HR (95% CI) n HR (95% CI)
All women
Main effect 959 1.00 (Ref) 742 0.95 (0.83, 1.10) 1599 1.00 (Ref) 102 0.87 (0.70, 1.07)
Vitamin A intake (ug/d RAE)
=3000 50 1.00 (Ref) 165 0.73 (0.53, 1.02) 201 1.00 (Ref) 14 1.22 (0.69, 2.15)
2999-1000 196 1.00 (Ref) 544 1.05 (0.86, 1.27) 693 1.00 (Ref) 47 1.02 (0.75, 1.39)
<1000 713 1.00 (Ref) 33 0.96 (0.66, 1.38) 705 1.00 (Ref) 41 0.69 (0.50, 0.96)
P-interaction® 0.25 0.09
Current smokers
Main effect 316 1.00 (Ref) 211 0.94 (0.72, 1.23) 485 1.00 (Ref) 42 1.00 (0.72, 1.40)
Vitamin A intake (ug/d RAE)
=3000 14 1.00 (Ref) 41 0.50 (0.26, 0.98) 46 1.00 (Ref) 9 2.26 (1.02, 5.01)
2999-1000 55 1.00 (Ref) 159 1.05 (0.73, 1.51) 197 1.00 (Ref) 17 1.05 (0.62, 1.78)
<1000 247 1.00 (Ref) 11 1.04 (0.64, 1.70) 242 1.00 (Ref) 16 0.72 (0.41, 1.22)
P-interaction 0.26 0.01
Former smokers
Main effect 483 1.00 (Ref) 413 1.05 (0.86, 1.27) 852 1.00 (Ref) 44 0.76 (0.55, 1.04)
Vitamin A intake (ug/d RAE)
=3000 27 1.00 (Ref) 100 0.86 (0.56, 1.33) 123 1.00 (Ref) 4 0.65 (0.23, 1.78)
2999-1000 107 1.00 (Ref) 294 1.07 (0.82, 1.39) 380 1.00 (Ref) 21 0.92 (0.58, 1.46)
<1000 349 1.00 (Ref) 19 1.04 (0.64, 1.70) 349 1.00 (Ref) 19 0.67 (0.41, 1.07)
P-interaction 0.48 0.98
Never smokers
Main effect 160 1.00 (Ref) 118 0.69 (0.49, 0.97) 262 1.00 (Ref) 16 0.91 (0.54, 1.54)
Vitamin A intake (ug/d RAE)
=3000 9 1.00 (Ref) 24 0.53 (0.24, 1.16) 32 1.00 (Ref) 1 0.75 (0.10, 5.80)
2999-1000 34 1.00 (Ref) 91 0.86 (0.53, 1.39) 116 1.00 (Ref) 9 1.20 (0.59, 2.45)
<1000 117 1.00 (Ref) 3 0.46 (0.14, 1.49) 114 1.00 (Ref) 6 0.68 (0.29, 1.59)
P-interaction 0.94 0.70

! Total vitamin D intake and Calcium/Vitamin D Trial active intervention (time dependent) were mutually adjusted. Regression models additionally
included age, region, race-ethnicity, education, Hormone Therapy Trials treatment assignment, BMI, smoking status (for all women only), number of
cigarettes per day (for all women and current and former smokers), duration of regular smoking in years (for all women and current and former smokers),
frequency of walking outside for >10 min, total vitamin A intake (for main effects only), total calcium intake, and energy intake. RAE, retinol activity
equivalent; Ref, referent; WHI, Women’s Health Initiative.

2 The intake does not include the active intervention (1 g Ca + 400 IU vitamin D5/d) of the Calcium/Vitamin D Trial. P = 0.71 for the 3-factor interaction
of total vitamin D intake, total vitamin A intake, and smoking (Wald test).

¥ Women with exposure to the Calcium/Vitamin D active intervention were those randomly assigned to the calcium and vitamin D arm; women without
exposure to that trial were the remainder of the Observational Study and Clinical Trial individuals, including those randomly assigned to the Calcium/Vitamin
D placebo arm. Women in the active intervention arm received 1 g Ca + 400 IU vitamin D3/d during the Calcium/Vitamin D Trial, 1994-2005. P = 0.13 for the
3-factor interaction of Calcium/Vitamin D active intervention, total vitamin A intake, and smoking (Wald test).

“Likelihood ratio tests for the cross-product term of total vitamin D intake or Calcium/Vitamin D Trial active intervention and total vitamin A intake (all
ordinal variables; df = 1).

that are not tobacco-related in adenocarcinoma compared with
tobacco-induced mutations.

The importance of vitamin D intake should be emphasized. At
the baseline of the WHI Calcium/Vitamin D Trial, total vitamin
D intake was shown to be an important determinant of serum
25-hydroxyvitamin D concentrations (B-coefficient = 5.05
nmol/L per 40 IU/d of total vitamin D intake; P < 0.0001) (27).
Our analyses showed that vitamin D intake-associated lung
cancer risk was more protective among women with shorter
times than among those with longer times spent outdoors in
summer. This is reasonable because the contribution of diet to
vitamin D status increases when sun exposure decreases (43).

We observed suggestive evidence that total vitamin A intake
may modify the association of Calcium/Vitamin D Trial active
intervention, but not that of total vitamin D intake, with lung
cancer risks. This suggests 2 challenging issues regarding
the nature and assessment of dietary intake when we assess
nutrient-nutrient interactions. First, vitamin D and vitamin A
intakes were correlated in both food and supplements; thus,
arelatively small number of participants had high vitamin D but
low vitamin A intakes, which might have affected statistical
power. Second, measurement errors from FFQs are also likely
correlated between these 2 micronutrients, and the correlated
errors may attenuate their estimated associations with lung
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Association of total vitamin D intake with lung cancer risk stratified by time spent outdoors in summer and other seasons this year and an age of 30 to 39
years in participants in the WHI Observational Study who completed the year 4 follow-up questionnaire (n = 56,003)"

Total vitamin D intake (IU/d)

<100 100 to <400 =400
N n  HR (95% CI) n HR (95% CI) n HR (95% CI) P-trend  P-interaction’
Time outdoors/summer/this year
<0.5 h/d 17,166 32 1.00 (Ref) 84 0.87 (0.56, 1.36) 92 0.63 (0.37, 1.06)  0.063 0.02
0.5-2 h/d 28,121 47 1.00 (Ref) 117 0.93 (0.65, 1.34) 145 0.71 (0.46, 1.09)  0.094
>2 h/d 10,716 16 1.00 (Ref) 39 099 (0.53,1.87) 49 1.22(0.59,2.54) 0.553
Time outdoors/other seasons/this year
<0.5 h/d 20,964 39 1.00 (Ref) 96 0091 (0.61, 1.36) 110 0.67 (0.41, 1.09)  0.085 0.046
0.5-2 h/d 28,623 47 1.00 (Ref) 123 0.92 (0.64, 1.32) 150 0.73 (048, 1.11)  0.111
>2 h/d 6416 9 1.00 (Ref) 21 094 (0.41,2.17) 26 1.19(0.45,3.11)  0.695
Time outdoors/summer/aged 30-39 y
<0.5 h/d 7388 16 1.00 (Ref) 16 0.26 (0.12,0.56) 33 0.32(0.14,0.71)  0.012 0.54
0.5-2 h/d 31,254 47 1.00 (Ref) 138 1.14 (0.80, 1.63) 160 0.90 (0.59, 1.36)  0.470
>2 h/d 17,361 32 1.00 (Ref) 86 098 (0.64, 1.51) 93 0.75(0.45,1.27)  0.255
Time outdoors/other seasons/aged 30-39 y
<0.5 h/d 13,268 21 1.00 (Ref) 47 0.69 (0.40, 1.21) 68 0.68 (0.36, 1.29)  0.299 0.49
0.5-2 h/d 33,145 54 1.00 (Ref) 148 1.06 (0.76, 1.48) 164 0.76 (0.51, 1.14)  0.125
>2 h/d 9590 20 1.00 (Ref) 45 0.83(0.47,1.47) 54 0.74(0.37,1.45) 0.378

! Adjusted for age, region, race-ethnicity, education, BMI, smoking status, number of cigarettes per day, duration of regular smoking in years, frequency
of walking outside for >10 min, total vitamin A intake, total calcium intake, energy intake, and usual use of sun screening. Ref, referent; WHI, Women’s

Health Initiative.

2 Likelihood ratio tests for the cross-product term of total vitamin D intake and time spent outdoors, both as ordinal variables (df = 1).

cancer (44). Adjustment for energy intake may only partially
account for the correlated errors. The Calcium/Vitamin D Trial
provided direct supplementation of calcium plus vitamin D,
which was unlikely to correlate with total vitamin A intake.
Thus, although the vitamin D dose (400 IU/d) given in the trial
was modest (45), we were able to observe the effect modification.
Therefore, future studies should make efforts to reduce both cor-
relations and measurement errors, such as incorporating biomarker
data, in assessing dietary intake (44).

Our analyses show suggestive evidence that lower total vi-
tamin A intake may be beneficial for a lower lung cancer risk
associated with the Calcium/Vitamin D Trial active intervention
among all participants and among current smokers. However, the
subgroup observations, ie, data by participants’ smoking status,
must be interpreted with caution because of the small numbers
of lung cancer cases in the intervention arm of the Calcium/
Vitamin D Trial. In addition, we were unable to isolate the effect
of vitamin D from that of calcium in the Calcium/Vitamin D
Trial supplementation. This limited our inferential ability because
a high dietary calcium intake has been linked to lower risks of
total lung cancer and adenocarcinoma in smokers and nonsmokers
(34, 35). Furthermore, we observed a positive association of the
Calcium/Vitamin D Trial active intervention with lung cancer risk
among current smokers with excess total vitamin A intake. The
biological mechanism is unclear. Because B-carotene supple-
mentation increases lung cancer risk in current smokers and
the effect is likely to be independent of effects of vitamin A
intake (46, 47), we additionally included intake of B-carotene
from supplements (ug/d, continuous scale) in the regression
model, but the risk estimate was not materially altered (HR:
2.23; 95% CI: 1.00, 4.95; data not shown). Nevertheless, our
stratified analysis suggests that a lower total calcium intake

(<1 g/d) may be important to the increased lung cancer risk
(for Calcium/Vitamin D Trial active intervention: HR, 5.91;
95% CI, 1.22, 28.71; see Supplemental Table 4 under “Supple-
mental data” in the online issue), but the observation is based on
small numbers of lung cancer cases and warrants replication.
The major strengths of our study included the prospective
design, detailed exposure measurement on vitamin D intake from
both food and supplements, use of clinically relevant cutoffs of
vitamin D intakes, and a large number of incident lung cancer
cases for stratified analyses by smoking status and histologic
subtype. Nevertheless, several limitations should be noted.
First, the dietary data collected are subject to measurement
error (48). Because the measurement error for dietary retinol
intake was larger than that for B-carotene, it might have at-
tenuated the accuracy of total vitamin A intake calculated as
RAE. In addition, self-report data are vulnerable to recall bias
and social desirability bias. Also, the accuracy of the potencies
on supplement labels is of concern (49). Furthermore, non-
differential misclassification of the outcome is possible. Lung
cancer was not a predefined study outcome in the WHI. Chest
radiology imaging was not specified by the protocol at study
entry or serially. Moreover, we were unable to eliminate possible
residual confounding. Last, the generalizability of the WHI might
be limited because the study enrolled postmenopausal women who
volunteered rather than women selected from a random sample of
the population. The WHI did not collect data from nonvolunteers,
but the lower prevalence of current smoking among the partici-
pants suggested a healthy volunteer effect (50). In addition, we
may have limited our ability to generalize our findings to younger
women or men. For example, estrogen may influence both lung
cancer risk and vitamin D metabolism (51, 52). Also, women and
men have different clinical characteristics of lung cancer, because
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never-smoking women are more likely to develop adenocarcinoma
than are never-smoking men (51).

In conclusion, a vitamin D intake of =400 IU/d from food and
supplements was associated with a lower risk of lung cancer risk
among never-smoking, postmenopausal women. A lower vi-
tamin A intake (<1000 wg/d RAE for all women and <3000
pg/d RAE for current smokers) may be important to achieve
a lower lung cancer risk associated with 1 g Ca + 400 IU
vitamin D3 supplementation.
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