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The authors’ objective was to discern whether lifestyle or health-related factors were confounders, effect modifiers,
or irrelevant with regard to understanding observational associations of serum 25-hydroxyvitamin D (25(OH)D) with
colorectal and breast cancer. The authors conducted nested case-control studies of colorectal cancer (310 cases,
310 controls) and breast cancer (1,080 cases, 1,080 controls) in the Women’s Health Initiative Calcium and Vitamin D
Clinical Trial (1994—2005). Case-control matching factors included age, latitude, race/ethnicity, and blood collection
date. Serum 25(OH)D was assayed in baseline fasting blood. Conditional logistic regression was used to estimate
odds ratios for each cancer by serum 25(OH)D concentration, comparing the relative effects of successively adding
body mass index, physical activity, and other health and lifestyle characteristics particular to each cancer. In
models with matching factors only, low (vs. high) serum 25(0OH)D was associated with a colorectal cancer odds
ratio of 2.72 (95% confidence interval (Cl): 1.55, 4.77) and a breast cancer odds ratio of 1.33 (95% CI: 1.02, 1.72).
In multivariate-adjusted models for colorectal cancer, the association strengthened (OR = 4.45, 95% CI: 1.96,
10.10). However, in multivariate-adjusted breast cancer models, associations were no longer significant (OR = 1.06,
95% CI: 0.78, 1.43). Adjusting for health and lifestyle characteristics has differential effects depending on the cancer
site; when modeling such relations, investigators should take these factors into account.

breast neoplasms; colorectal neoplasms; 25-hydroxyvitamin D; postmenopausal women; randomized controlled

trials

Abbreviations: BMI, body mass index; CaD, Calcium and Vitamin D; ClI, confidence interval; 25(OH)D, 25-hydroxyvitamin D;
OR, odds ratio; MET, metabolic equivalent; WHI, Women’s Health Initiative.

The relation between vitamin D and cancer risk is unclear.
Support for a potential chemopreventive effect of vitamin D
comes from cell lines, animal studies, observational studies,
and very small clinical trials (1-7). Nonetheless, the relation
of vitamin D to specific cancers, including breast and co-
lorectal cancers, remains controversial, particularly since
both clinical trials and observational studies have not been
consistent in either the direction or the magnitude of asso-
ciations (8). The inconsistent findings may be due to: lack of
uniformity in identifying the exposure (i.e., serum vitamin
D status, self-reports of vitamin D intake from food and
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supplements, solar exposure); challenges associated with ac-
curately assessing solar exposure (9); use of varying doses in
supplement trials; and a lack of understanding about factors
that influence biomarkers of vitamin D status (8, 10-12).

In its recent vitamin D consensus report, the Institute of
Medicine concluded that there was a lack of evidence in
support of a consistent or causal relation between vitamin D
and cancer risk and that more research was needed to fill the
gaps in understanding vitamin D-cancer associations (13).
To understand the role of health and lifestyle characteristics
and their influence on serum 25-hydroxyvitamin D (25(OH)D)
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Table 1. Demographic, Health, and Lifestyle Characteristics of Participants in a Colorectal Cancer Case-Control Group (310 Cases, 310
Controls), by Serum 25-Hydroxyvitamin Concentration, Women’s Health Initiative, 1994—-2005%

Quartile of Serum 25-Hydroxyvitamin D Concentration, nmol/L

Characteristic 264.5

43.6—-<64.5

32.7-<43.6 <32.7 P Value

No. % Mean (SD) No. %

Mean (SD) No. %

Mean (SD) No. % Mean (SD)

Age, years 130 65.6 (64.3) 162

Waist circumference, cm 130 84.4 (124) 162

Red meat intake, 129 0.72 (0.53) 158
servings/day
Race/ethnicity
White 122 93.9 143 88.3
Black 1 <1.0 11 6.8
Hispanic 0 0.00 6 37
Other 7 54 2 12
Body mass index®
<25.0 53 40.8 50 30.9
25.0-29.9 46 354 65 40.1
30.0-39.9 25 19.2 45 27.8
>40.0 6 46 2 12
Smoking status
Never smoker 69 535 76 475
Past smoker 52 40.3 73 456
Current smoker 8 6.2 11 6.9

Physical activity,
MET-hours/week

<15 21 17.8 26 18.3
<6.9 30 254 43 30.3
<16.7 26 220 26 18.3
>16.7 41 348 47 331
Total calcium intake,
mg/day
<630 18 13.9 35 221
630-1,007 22 1741 41 26.0
1,008-1,409 42 32.6 37 234
>1,410 47 36.4 45 285

64.9 (6.7) 147
87.8 (127) 147
0.72 (0.58) 145

65.1 (7.3) 181 65.1 (6.8) 0.64
98.6 (13.0) 181 927 (14.1)  <0.001
0.75 (0.50) 177 0.66 (0.44) 0.5

126 85.7 137 757 <0.001
9 6.1 31 171
2.7 8 44
8 54 5 28
40 272 36 19.9 <0.001
43 29.3 65 35.9
57 38.8 66 36.5
7 48 14 7.7
89 61.0 89 50.0 0.130
43 295 76 427
14 9.6 13 73
31 237 50 30.9 0.017
29 221 50 30.9
36 275 29 179
35 26.7 33 204
35 241 63 35.6 <0.001
40 27.6 51 28.8
38 26.2 35 19.8
32 22.1 28 158

in subsequent development of invasive breast and colorectal
cancer, we further analyzed data from 2 case-control studies
nested within the Women’s Health Initiative (WHI) ran-
domized, placebo-controlled clinical trial of calcium plus
vitamin D. The primary trial outcome was hip fracture;
other fractures and colorectal cancer were secondary out-
comes (14, 15). There was no intervention effect of trial sup-
plementation on the risk of either breast or colorectal cancer
(15, 16). These previous reports provided important data
on vitamin D-cancer associations, but much remains to be
learned about understanding predictors of serum 25(OH)D
and how best to model their associations with cancer risk.
This report is focused on methodological issues related to
understanding the extent to which lifestyle and health-
related characteristics influence the association of the principal
biomarker of vitamin D, 25(OH)D, with breast and colorectal
cancer risk. We expect that the findings will have implications

Table continues

for analytic approaches that should be considered when ex-
amining vitamin D-cancer associations.

MATERIALS AND METHODS
Study design

The WHI Clinical Trial was a set of 3 overlapping ran-
domized trials conducted at 40 clinical centers throughout
the United States. Details of the trial design, recruitment,
and results have been published previously (14, 15). Briefly,
eligibility included being a postmenopausal woman aged
50-79 years with a life expectancy of at least 3 years, no
prior breast cancer, and no other cancer within the previous
10 years. At baseline (1993-1998), women were enrolled in
either the hormone trials (n = 27,347) or the dietary mod-
ification trial (n = 48,835). After 1 year, participants were
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Table 1. Continued

Quartile of Serum 25-Hydroxyvitamin D Concentration, nmol/L

Characteristic >64.5 43.6—<64.5 32.7—<43.6 <32.7 P Value
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)
Alcohol intake
Nondrinker 15 115 10 6.3 14 96 31 174 0.03
Past drinker 18 13.9 23 146 21 144 35 19.7
<1 drink/month 14 108 22 139 25 1741 22 124
<1 drink/week 34 261 35 221 42 28.8 42 23.6
1-7 drinks/week 36 27.7 42 26.6 24 16.4 33 185
>7 drinks/week 13 10.0 26 16.5 20 137 15 84
Total vitamin D intake,
1U/day
<200 27 209 51 323 50 345 97 54.8 <0.001
200-<400 28 217 24 152 36 24.8 38 215
400-<600 34 264 48 30.4 35 2441 31 175
>600 40 31.0 35 222 24 16.6 11 6.2
Colorectal cancer
screening within
past 5 years
No 54 419 68 42.2 67 45.9 84 46.4 0.786
Yes 75 58.1 93 57.8 79 541 97 53.6
Family history of
colorectal cancer
No 104 88.1 124 84.4 115 83.3 132 78.1 0.152
Yes 14 119 23 157 23 16.7 37 219
Use of hormone therapy
at blood draw
None/past use 54 415 79 48.8 78 53.0 115 63.5 0.011
Current use
Estrogen alone 42 323 47 29.0 36 24.5 34 18.8
Estrogen + 34 26.1 36 222 33 224 32 177
progesterone

Abbreviations: MET, metabolic equivalent; SD, standard deviation.

& Cases and controls were matched on age, clinical center location, race/ethnicity, and date of blood collection.

b Weight (kg)/height (m)?.

invited to join the WHI Calcium and Vitamin D (CaD) Clin-
ical Trial. These interested and eligible women (n = 36,282)
were randomized in a double-blind fashion to receive
a daily dose of 1,000 mg of elemental calcium plus 400
IU of vitamin D5 or placebo. Women with a history of
hypercalcemia, kidney stones, or corticosteroid or calcitriol
use were excluded. Personal use of calcium and vitamin D
was permitted during the trial—initially up to 600 IU/day
of vitamin D, which was later increased to 1,000 IU/day
(17, 18). The protocol was approved by the institutional
review boards of each clinical center and the WHI Clinical
Coordinating Center. All women provided written informed
consent. The trial ended as planned in 2005.

Outcome assessment and case and control definition

Cancer outcomes were identified as part of semiannual
health updates. Self-reported cancers were confirmed after
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review of medical records by trained local and central physi-
cian adjudicators (19). During the CaD Trial, 310 colorectal
cancers and 1,080 invasive breast cancers were reported and
confirmed. In a nested study design, controls were matched
to respective cases on age, latitude of the clinical center (or
clinical center location if latitude was not available), race/
ethnicity, and blood collection date. Breast cancer cases were
also matched on WHI trial arm (hormone trials or dietary
modification trial) (15, 16).

Blood collection and 25(OH)D assay

Fasting blood samples were collected at year 1 (baseline
enrollment in the CaD Trial) using a standard protocol and
were stored at —80°C until analysis. Serum concentrations
of 25(OH)D were assayed by means of the DiaSorin Liason
chemiluminescent assay (DiaSorin, Stillwater, Minnesota).
The assay coefficient of variation (11.8%) was determined
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Table 2. Demographic, Health, and Lifestyle Characteristics of Participants in a Breast Cancer Case-Control Group (1,080 Cases, 1,080
Controls), by Serum 25-Hydroxyvitamin Concentration, Women’s Health Initiative, 1994—-2005%

Quartile of Serum 25-Hydroxyvitamin D Concentration, nmol/L

Characteristic 264.9

50.9-<64.9

36.7-<50.9 <36.7 P Value

No. % Mean (SD) No. %

Mean (SD) No. %

Mean (SD) No. % Mean (SD)

Age, years 500 62.8 (6.7) 520
Waist circumference, cm 500 83.4 (11.8) 520
Gail 5-year risk 500 1.8(1.0) 520
Race/ethnicity
White 472 944 472 90.8
Black 10 20 17 3.3
Hispanic 8 1.6 16 3.1
Other 10 20 15 29
Body mass index®
<25.0 207 414 155 29.8
25.0-29.9 186 37.2 178 34.2
30.0-39.9 98 19.6 178 34.2
>40.0 9 1.8 9 1.7
Smoking status
Never smoker 265 53.5 270 523
Past smoker 203 41.0 215 417
Current smoker 27 55 31 6.0
Physical activity,
MET-hours/week
<15 69 15.7 101 214
<6.9 95 215 115 24.4
<16.7 98 22.2 114 242
>16.7 179 40.6 141 29.9

62.7 (6.7) 578
87.6 (12.5) 578

63.5(6.6) 562 62.4(6.9)  0.032
89.7 (13.1) 563 92.8 (14.2) <0.001

1.8(1.0) 578 1.8(1.1) 562 17(1.0)  0.132
518 89.6 440 783 <0.001
34 59 85 15.1
9 16 20 36
17 29 17 30
152 263 87 155 <0.001
190 32.9 194 345
215 37.2 233 415
21 36 48 85
291 506 285 51.4 0.090
236 41.0 214 386
48 84 56 10.1
141 275 143 283 <0.001
120 234 158 31.2
127 248 108 21.3
125 244 97 19.2

using blinded duplicates in each assay batch. Cases and
matched controls were analyzed in the same batch. Laboratory
personnel were blinded to the case/control status of samples.

Covariate assessment

Medical history. On average, for women in the CaD Trial,
75%-91% of participants completed mammograms in years
2,4, 6, and 8 as part of their WHI participation. Colorectal
cancer screening was not required as part of trial participa-
tion; however, self-reported screening was routine and did not
differ between active and placebo women (15). Family history
of breast and colorectal cancer was ascertained by self-report.
Use of estrogen or estrogen plus progestin was determined by
the randomization assignment for hormone trial partici-
pants. Since personal use of hormone therapy was permit-
ted for dietary modification trial participants, hormone use
by those women was determined by medication inventory
for current users and by self-report for those who were not
current users. Gail risk scores were calculated from self-
reports of personal risk factors for breast cancer (14).

Diet/dietary supplements. Diet was assessed using a food
frequency questionnaire designed specifically for the WHI

Table continues

(17). Personal dietary supplement use was assessed by means
of an interviewer-administered supplement inventory form
(18, 20). Total vitamin D intake was calculated as food plus
supplements.

Exposure to solar ultraviolet radiation. Solar irradiation
exposure was assessed for each WHI clinical center in
langleys (gram-calories per cm?) and watts (J/second per m?).
Langleys measure the mean amount of solar radiation that
reaches the ground annually; this is an estimate of sunlight
exposure (10). Watts are used to estimate the daily ultra-
violet B flux reaching the earth within the range required
for cutaneous synthesis of vitamin D; 1989 data for watts
were obtained from the National Aeronautics and Space
Administration (10).

Anthropometry. Height, weight, and waist and hip cir-
cumferences were measured at baseline and at each visit
thereafter. Body mass index (BMI) was calculated as
weight (kg)/height (m)?. For these analyses, the BMI used
was that which corresponded to the blood draw date.

Lifestyle habits and demographic characteristics. Partici-
pants completed a baseline questionnaire for usual recreational
physical activity, walking, smoking, and alcohol intake. Age
and race/ethnicity were ascertained by self-report.

Am J Epidemiol. 2012;175(7):673-684
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Table 2. Continued

Quartile of Serum 25-Hydroxyvitamin D Concentration, nmol/L

Characteristic >64.9 50.9—<64.9 36.7-<50.9 <36.7 P Value
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)
Total vitamin D intake,
IU/day
<200 115 23.2 139 27.0 203 35.6 337 60.9 <0.001
200—-<400 94 19.0 116 22.6 110 193 87 157
400—-<600 130 26.2 149 29.0 156 27.3 87 157
>600 157 31.7 110 21.4 102 17.9 42 76
Alcohol intake
Nondrinker 54 10.9 46 89 58 10.1 64 115 <0.001
Past drinker 62 12.5 92 17.8 92 16.0 104 18.8
<1 drink/month 61 123 65 12.6 73 127 107 193
<1 drink/week 96 19.4 102 19.7 138 24.0 110 19.9
1-7 drinks/week 151 30.5 154 29.8 153 26.6 111 20.0
>7 drinks/week 71 143 58 11.2 62 10.8 58 10.5
Mammogram within
past 2 years
No 142 28.4 146 28.1 186 32.4 194 345 0.062
Yes 358 71.6 373 71.9 389 67.7 368 65.5
Use of hormone therapy
at blood draw
None/past use 172 34.4 229 44.0 263 455 277 493 <0.001
Current use
Estrogen alone 129 25.8 120 23.1 154 26.6 123 21.9
Estrogen + 199 39.8 171 32.9 161 27.9 162 28.8
progesterone

Abbreviations: MET, metabolic equivalent; SD, standard deviation.

@ Cases and controls were matched on age, clinical center location, race/ethnicity, and date of blood collection.

b Weight (kg)/height (m)2.

Statistical analysis

Conditional logistic regression was used to compute odds
ratios and 95% confidence intervals for colorectal and breast
cancer risk. All models were conditioned on the case-control
matching factors (age, latitude of WHI clinical center, race/
ethnicity, and date of blood collection). We built a set of
models for each cancer that successively added covariates
known to influence serum 25(OH)D concentrations, breast
cancer risk, or colorectal cancer risk (10, 11). Variables were
added in the order of their known or hypothesized strength
as potential confounders. The adjusted models included ran-
domization assignment (calcium-vitamin D or placebo),
BMI (log-transformed, continuous), leisure physical activity
(tertiles of metabolic equivalent (MET)-hours/week), smoking
(past, current, or never), alcohol intake, and postmenopausal
hormone therapy. For the colorectal cancer models, additional
covariates included colorectal cancer screening within the
previous 5-6 years (yes/no), family history of colorectal
cancer (yes/no), red meat intake, and total calcium intake
(food + supplements). The primary exposure, serum
25(0OH)D, was modeled as a categorical variable. For the

Am J Epidemiol. 2012;175(7):673-684

breast cancer models, additional covariates included hav-
ing undergone a mammogram within the previous 2 years
(yes/no) and 5-year Gail risk score (age at menopause, age
at first livebirth, number of previous breast biopsies, number
of first-degree relatives with breast cancer) (21). Additional
variables were examined in relation to both cancer outcomes,
but they were not included in the final models because they
were either highly collinear with other covariates (season
of blood collection, waist:hip ratio) or were neither influ-
ential in parameter estimates nor statistically significant
(langleys and watts) (10).

We also investigated whether the main effects for asso-
ciations of serum 25(OH)D with risk of either colorectal
cancer or breast cancer were modified by physical activity,
BMI, postmenopausal hormone therapy, or use of vitamin D-
containing dietary supplements. Multiplicative interaction was
tested by creating categories for each potential effect mod-
ifier (tertiles of physical activity (MET-hours/week); BMI
categories (normal (<25.0), overweight (25.0-29.9), or obese
(>30.0)); never use of hormone therapy vs. ever use; never/
past use of hormone therapy vs. current use; baseline use of
vitamin D-containing dietary supplements (>100 IU/day) vs.
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nonuse). We constructed linear terms by creating a cross-
product of each of these categories with the median values
of the quartiles of the serum 25(OH)D distribution. Evidence
for effect modification was tested using the Wald chi-square
test (1 df). In the BMI-stratified models, BMI was also in-
cluded as a continuous variable within each stratum to further
control for confounding by BMI. All tests were 2-sided, with
P < 0.05 as the criterion for statistical significance. Analyses
were conducted using SAS, version 9.2 (SAS Institute, Inc.,
Cary, North Carolina).

RESULTS

The associations between various demographic and health-
related characteristics and serum concentrations of 25(OH)D
provide information about factors that may confound the
associations of serum 25(OH)D with breast and colorectal
cancer risk (Tables 1 and 2). The 25(OH)D quartile cut-
points for these analyses were based on the distribution
among the controls for each case-control group, and since
these distributions differed for breast and colorectal cancer
groups, results are presented in separate tables. A priori, we
considered factors previously shown to be predictors of se-
rum 25(OH)D in WHI (10), as well as factors known to be
associated with breast or colorectal cancer risk (14). The
case-control matching factors were not included as covari-
ates in the models (see Materials and Methods section) but
are presented in these tables as informational.

Across the colorectal cancer case-control group, statisti-
cally significant differences in serum 25(OH)D concentra-
tion were observed by waist circumference, race/ethnicity,
BMLI, recreational physical activity (MET-hours/week), total
vitamin D intake (food + supplements), total calcium intake
(food + supplements), alcohol intake, and use of postmen-
opausal hormone therapy. In the breast cancer case-control
group, the demographic and lifestyle characteristics associ-
ated with serum 25(OH)D included age, waist circumfer-
ence, race/ethnicity, BMI, recreational physical activity,
total vitamin D intake, alcohol intake, and postmenopausal
hormone therapy.

Table 3 provides results for associations of serum 25(OH)D
with colorectal cancer risk. We began with the basic model
(case-control matching factors) and successively added the
variables thought most likely to confound the associations:
trial arm assignment, BMI, and physical activity. Subse-
quent models included smoking, colorectal cancer screen-
ing, family history of colorectal cancer, postmenopausal
hormone therapy, alcohol intake, and red meat intake. Little
variation in the odds ratio estimates was observed as the
initial covariates were added to the model, but the odds ratios
strengthened as the final, full model was built. In the fully
adjusted model, compared with participants with a high se-
rum 25(OH)D concentration, those with low serum 25(OH)D
values had a 4.5-fold increased risk of colorectal cancer (odds
ratio (OR) = 4.45, 95% confidence interval (CI): 1.96, 10.10;
P-trend = 0.003). We also examined additional measures of
adiposity in the model, such as adding waist circumference
and replacing BMI with waist circumference (data not
shown). However, since there were no meaningful differences

in the parameter estimates, we retained only BMI in the final
model as shown.

Associations of serum 25(OH)D with invasive breast can-
cer are presented in Table 4. The model-building followed
the same approach as that for colorectal cancer. The odds
ratio for invasive breast cancer was 1.33 (95% CI: 1.02,
1.72; P-trend = 0.01) in the basic model, with nearly identi-
cal results for the model adjusted only for CaD arm. When
BMI and physical activity were added to the model, the re-
sults were strongly attenuated. Most of the subsequent odds
ratios hovered around the null value of 1.0, and 95% confi-
dence intervals included 1.0. The final model was adjusted
for CaD arm, BMI, physical activity, smoking, mammog-
raphy, Gail 5-year risk score, use of hormone therapy, and
alcohol intake. In subgroup analyses restricted to estrogen
receptor-positive breast cancer, results did not differ (data
not shown).

We next investigated whether associations of serum
25(0OH)D with either breast cancer risk or colorectal cancer
risk were modified by use of hormone therapy, BMI, phys-
ical activity, or use of vitamin D-containing dietary sup-
plements (Table 5). While the colorectal cancer odds ratios
for low (vs. high) serum 25(OH)D were stronger for never
or past users of hormone therapy than for current users
(OR = 4.12 and OR = 2.19, respectively), the P value for
the formal interaction test was not statistically significant
(P = 0.56). The association of 25(OH)D with colorectal
cancer risk differed by BMI (P for interaction = 0.01).
For women of normal weight (BMI <25.0), the colorectal
cancer odds ratios were nonsignificant and relatively constant
across the 25(OH)D distribution, whereas for women with
BMIs of 25.0-29.9, an increased risk was observed for women
in the lowest quartile of serum 25(OH)D (OR = 3.75, 95%
CI: 1.25, 11.25) compared with the referent. For obese
women (BMI >30.0), increased risks were observed across
the quartiles, but the greatest risk was seen among obese
women in the lowest quartile of serum 25(OH)D concen-
tration (OR = 7.43, 95% CI: 2.10, 26.27). There was no
evidence of effect modification by physical activity (P for
interaction = 0.85) or use of vitamin D-containing dietary
supplements (P for interaction = 0.82). For breast cancer,
there was no evidence for effect modification by hormone
therapy use, BMI, physical activity, or use of vitamin D-
containing dietary supplements.

DISCUSSION

Our objective in this study was to gain insight into the
analytic approaches that should be considered when testing
associations between serum 25(OH)D and cancer risk in
postmenopausal women. In this nested case-control study from
the WHI CaD Trial, women with a low serum 25(OH)D con-
centration, versus those with a high concentration, had over
a 4-fold increased risk of colorectal cancer. Our careful and
systematic statistical adjustment for health and lifestyle var-
iables thought to confound these associations, such as BMI
and physical activity, had very little influence on the odds ratio
estimates, and the associations remained strong and robust
in all models. Further, the associations were not modified by
postmenopausal hormone therapy, physical activity, or use of

Am J Epidemiol. 2012;175(7):673-684
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Table 3. Association of Serum 25-Hydroxyvitamin D Concentration With Invasive Colorectal Cancer Risk and the Strength of Covariates,

Women’s Health Initiative, 1994—2005

Quartile® of 25-Hydroxyvitamin D Concentration, nmol/L

Model and Variables 264.5 (231 Cases, 43.6—<64.5 (250 Cases,

Included 269 Controls) 270 Controls)

32.7-<43.6 (306 Cases,

272 Controls)

<32.7 (293 Cases,
269 Controls)

OR 95% CI OR 95% ClI

OR

95% CI

OR

95% ClI

P Trend®

Unadjusted® 1.0 Referent 1.97 1.16, 3.35
WHI intervention arm 1.0 Referent 1.96 1.15, 3.34
WHI intervention arm, BMI 1.0 Referent 1.95 1.14, 3.31

WHI intervention arm, BMI, 1.0 Referent 2.10 1.16, 3.78
physical activity

WHI intervention arm, BMI, 1.0 Referent 2.06 1.13, 3.75
physical activity, smoking

WHI intervention arm, BMI, 1.0 Referent 2.10 1.15, 3.85
physical activity, smoking,
CRC screening within the
past 5-6 years

WHI intervention arm, BMI, 1.0 Referent 1.97 1.00, 3.90
physical activity, smoking,
family history of CRC

WHlI intervention arm, BMI, 1.0 Referent 2.11 1.15, 3.85
physical activity, smoking,
HRT use

WHI intervention arm, BMI, 1.0 Referent 2.20 1.08, 4.48
physical activity, smoking,
CRC screening within the
past 56 years, family
history of CRC, HRT use

WHI intervention arm, BMI, 1.0 Referent 2.51 1.21,5.21
physical activity, smoking,
CRC screening within the
past 56 years, family
history of CRC, HRT use,
alcohol intake

WHI intervention arm, BMI, 1.0 Referent 2.27 1.09, 4.73
physical activity, smoking,
CRC screening within the
past 56 years, family
history of CRC, HRT use,
red meat intake

WHI intervention arm, BMI, 1.0 Referent 2.39 1.15, 5.00
physical activity, smoking,
CRC screening within the
past 5-6 years, family
history of CRC, HRT use,
alcohol intake, red meat
intake

WHI intervention arm, BMI, 1.0 Referent 2.76 1.30, 5.89
physical activity, smoking,
CRC screening within the
past 56 years, family
history of CRC, HRT use,
alcohol intake, red meat
intake, total calcium intake

1.49
1.48
1.48
1.42

1.47

1.48

1.20

1.52

1.34

1.24

1.36

1.33

1.51

0.88, 2.52
0.87,2.51
0.87,2.47
0.79, 2.55

0.81, 2.66

0.82, 2.69

0.61,2.34

0.83, 2.77

0.67, 2.67

0.61, 2.51

0.67,2.77

0.65, 2.72

0.72,3.14

2.72
2.72
2.62
2.80

3.04

3.08

2.79

3.21

3.26

3.18

3.67

3.55

4.45

1.55,4.77
1.55,4.77
1.48, 4.64
1.50, 5.23

1.61,5.76

1.62, 5.86

1.37, 5.68

1.67,6.19

1.54, 6.89

1.49,6.78

1.68, 8.00

1.62,7.77

1.96, 10.10

0.003
0.003
0.005
0.007

0.003

0.003

0.02

0.003

0.01

0.02

0.006

0.009

0.003

Abbreviations: BMI, body mass index; CRC, colorectal cancer; HRT, hormone replacement therapy; WHI, Women’s Health Initiative.

& Quartile cutpoints were based on the distribution of 25-hydroxyvitamin D concentrations in the control group.
® Trend test based on a linear term using the median values of the quartiles.

¢ Cases and controls were matched on age, clinical center location, race/ethnicity, and date of blood collection. See Materials and Methods

section for details.

vitamin D-containing dietary supplements. However, we did Our principal goal was to explore the extent to which
observe modest effect modification of the 25(OH)D-colorectal behavioral and lifestyle factors influenced the associations
cancer association by BMI. Conversely, we observed no as- of serum 25(OH)D with colorectal and breast cancer risk.
sociation of serum 25(OH)D with either total breast cancer The odds ratio estimates for colorectal cancer varied little

risk or estrogen receptor-positive breast cancer.
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when health and lifestyle covariates were added to the



680 Neuhouser et al.

Table 4. Association of Serum 25-Hydroxyvitamin D Concentration With Invasive Breast Cancer Risk and the Strength of Covariates, Women’s

Health Initiative, 1994—2005

Quartile® of 25-Hydroxyvitamin D Concentration, nmol/L

Model and Variables 264.9 (53 Cases,

50.9-<64.9 (84 Cases,

36.7-<50.9 (68 Cases, <36.7 (105 Cases,

b
Included 77 Controls) 78 Controls) 79 Controls) 76 Controls) PTrend
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Unadjusted® 1.0 Referent 1.09 0.85, 1.41 1.35 1.05,1.74 1.33 1.02,1.72 0.01
WHI intervention arm 1.0 Referent 1.09 0.85, 1.41 1.36 1.06, 1.75 1.32 1.02, 1.71 0.01
WHI intervention arm, BMI 1.0 Referent 1.05 0.81, 1.41 1.27 0.99, 1.64 1.19 0.92, 1.56 0.10
WHI intervention arm, BMI, 1.0 Referent 1.00 0.76, 1.31 1.11 0.84, 1.46 1.05 0.78, 1.40 0.63
physical activity
WHI intervention arm, BMI, 1.0 Referent 0.97 0.74,1.29 1.11 0.84, 1.48 1.03 0.76, 1.38 0.70
physical activity, smoking
WHI intervention arm, BMI, 1.0 Referent 0.97 0.73, 1.28 1.10 0.83, 1.46 1.08 0.76, 1.38 0.71
physical activity, smoking,
mammography within the
past 2 years
WHI intervention arm, BMI, 1.0 Referent 0.99 0.75, 1.31 1.13 0.85, 1.50 1.04 0.78, 1.40 0.63
physical activity, smoking,
Gail 5-year risk score
WHI intervention arm, BMI, 1.0 Referent 0.98 0.74,1.29 1.12 0.84, 1.49 1.04 0.77,1.40 0.62
physical activity, smoking,
HRT use
WHlI intervention arm, BMI, 1.0 Referent 0.99 0.75, 1.32 1.12 0.84, 1.50 1.05 0.78, 1.42 0.58
physical activity, smoking,
mammography within the
past 2 years, Gail 5-year
risk score, HRT use
WHI intervention arm, BMI, 1.0 Referent 0.99 0.75, 1.31 1.11 0.83, 1.49 1.06 0.78, 1.43 0.60

physical activity, smoking,
mammography within the
past 2 years, Gail 5-year
risk score, HRT use,
alcohol intake

Abbreviations: BMI, body mass index; HRT, hormone replacement therapy; WHI, Women’s Health Initiative.

& Quartile cutpoints were based on the distribution of 25-hydroxyvitamin D concentrations in the control group.

® Trend test based on a linear term using the median values of the quartiles.

¢ Cases and controls were matched on age, clinical center location, race/ethnicity, and date of blood collection. See Materials and Methods

section for details.

models. For breast cancer, adjustments attenuated the asso-
ciation. Our initial data exploration revealed that serum con-
centration of 25(OH)D differed by race/ethnicity, physical
activity, BMI, waist circumference, and age, similar to findings
in other cohorts (11). However, in a previous analysis, these
predictive factors together explained only 21% of the variation
in 25(OH)D concentrations in this sample of WHI partici-
pants (10), suggesting that much remains to be learned about
predictors of serum 25(OH)D. For example, genetic factors
probably also contribute to between-person variation in serum
25(OH)D concentrations (12) and perhaps increased risk of
colorectal or breast cancer. The lack of strong differences in
the odds ratio estimates after addition of the covariates to
the models for colorectal cancer suggests that such factors’
role as potential confounders of these vitamin D-cancer
associations may be less important than previously thought.
However, for breast cancer, these factors do appear to con-
found associations. Clearly, the relations between vitamin D
and its predictors and the ensuing relation to cancer outcomes
are complex and may differ by cancer site, necessitating care-

ful analytic approaches for various cancers that may be
affected differently by certain lifestyle factors. For example,
we observed modest effect modification of the serum
25(OH)D-colorectal cancer association by BMI. For obese
women in the lowest quartile of serum 25(OH)D, the risk of
colorectal cancer was 7 times that for obese women in the
highest quartile group. Conversely, we observed no differences
in risk estimates across the serum 25(OH)D distributions for
women with BMI <25.0.

The data in this report confirm previous WHI findings and
are similar to reports from other studies in which lower serum
vitamin D and/or lower intake of vitamin D appeared to be
associated with increased colorectal cancer risk (2, 22-24).
Evidence related to vitamin D and breast cancer risk is less
consistent (25). Many previous studies of both cancers have
used surrogates of vitamin D exposure, such as diet, dietary
supplements, and sunlight exposure, rather than serum
measures (3, 23, 26-29). Relatively few prospective stud-
ies have examined biomarkers of vitamin D status as we
have done here. In the Nurses’ Health Study, high (vs. low)
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Table 5. Modification of the Relation of Serum 25-Hydroxyvitamin D Concentration With Invasive Colorectal and Breast Cancer Risk by
Postmenopausal Hormone Use, Body Mass Index, and Physical Activity, Women’s Health Initiative, 1994-2005

Quartile of 25-Hydroxyvitamin D Concentration, nmol/L

Colorectal Cancer® 264.5 43.6—<64.5 32.7-<43.6 <32.7
OR 95% CI OR 95% CI OR 95% ClI OR 95% CI

Use of hormone replacement therapy

Never/past use 1.0 Referent 2.83 1.08, 7.79 1.31 0.54, 3.17 412 1.60, 10.63

Current use 1.0 Referent 1.60 0.66, 3.88 1.44 0.56, 3.72 2.19 0.83,5.78
Body mass index®

<25.0 1.0 Referent 1.21 0.43, 3.46 0.61 0.20, 1.84 1.10 0.33, 3.67

25.0-29.9 1.0 Referent 1.93 0.69, 5.39 1.64 0.53,5.13 3.75 1.25,11.25

>30.0 1.0 Referent 4.72 1.20, 18.63 3.59 0.97, 13.33 7.43 2.10, 26.27
Physical activity, MET-hours/week

<3.5 1.0 Referent 1.58 0.44, 5.63 1.75 0.56, 5.52 3.57 1.12,11.39

>3.5-<12.5 1.0 Referent 3.1 0.96, 10.05 1.01 0.30, 3.43 2.74 0.85, 8.86

>12.5 1.0 Referent 1.30 0.48, 3.53 1.31 0.48, 3.57 2.33 0.82, 6.63
Use of vitamin D dietary supplements®

Yes 1.0 Referent 2.83 1.03,7.79 1.31 0.54, 3.17 412 1.60, 10.63

No 1.0 Referent 1.60 0.66, 3.88 1.44 0.56, 3.72 2.19 0.83, 5.78

Quartile of 25-Hydroxyvitamin D Concentration, nmol/L

Breast Cancer 264.9 50.9-<64.9 36.7-<50.9 <36.7

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Use of hormone replacement therapy

Never/past use 1.0 Referent 1.06 0.68, 1.65 1.25 0.78, 1.99 1.45 0.91,2.32
Current use
Estrogen alone 1.0 Referent 1.02 0.57,1.82 1.41 0.80, 2.48 0.73 0.41, 1.33
Estrogen plus progesterone 1.0 Referent 0.93 0.58, 1.49 0.90 0.56, 1.44 0.92 0.57, 1.50
Body mass index
<25.0 1.0 Referent 0.83 0.51,1.35 1.15 0.69, 1.94 0.81 0.44,1.50
25.0-29.9 1.0 Referent 1.12 0.71,1.79 0.93 0.59, 1.47 1.02 0.64, 1.61
>30.0 1.0 Referent 0.99 0.59, 1.67 1.32 0.78, 2.21 1.18 0.71,1.97
Physical activity, MET-hours/week
<3.5 1.0 Referent 0.86 0.51, 1.45 1.04 0.62, 1.74 0.83 0.50, 1.37
>3.5-<12.5 1.0 Referent 0.92 0.57,1.50 1.07 0.66, 1.72 1.1 0.67,1.82
>12.5 1.0 Referent 1.14 0.72,1.82 1.15 0.71,1.85 1.31 0.77,2.23
Use of vitamin D dietary supplements®
Yes 1.0 Referent 1.15 0.75,1.78 1.23 0.79, 1.90 1.14 0.75,1.73
No 1.0 Referent 0.89 0.62,1.27 1.07 0.74,1.54 0.99 0.62, 1.56

Abbreviations: Cl, confidence interval; MET, metabolic equivalent; OR, odds ratio; WHI, Women’s Health Initiative.

* P for interaction = 0.01 (Wald »? test (1 df)).

& The colorectal cancer analysis included 310 cases and 310 controls. Colorectal cancer models were adjusted for WHI intervention arm, body
mass index, smoking, physical activity (except for physical activity model), colorectal cancer screening within the past 5-6 years, family history of
colorectal cancer, and use of hormone therapy (except for hormone therapy use models).

® Weight (kg)/height (m)2.

¢ Use was defined as >100 IU/day.

9 The breast cancer analysis included 1,080 cases and 1,080 controls. Breast cancer models were adjusted for WHI intervention arm, body mass
index, physical activity (except for physical activity models), smoking, mammography within the previous 2 years, Gail 5-year risk score, and use of
hormone therapy (except for hormone therapy models).

serum 25(OH)D was associated with a 47% reduced risk of older than 60 years and for tumors in the distal colon and the
colorectal cancer. The associations were strongest for women rectum (30). Of 2 earlier studies, a small case-control study
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found a strong inverse association of high (vs. low) serum
25(0OH)D with colon cancer risk (24), while a nested case-
control study including 57 cases found no association (31).

Similar to investigations of colorectal cancer, most stud-
ies of vitamin D and breast cancer risk have relied on self-
reported information for data on diet, dietary supplements,
and sun exposure (32-36), but fewer have used a biomarker
of vitamin D status. In a 2006 review of vitamin D, cal-
cium, and breast cancer risk, Cui and Rohan (25) reported
on 4 observational studies that examined associations be-
tween biomarkers of vitamin D status and breast cancer risk,
but only 2 had used serum 25(OH)D as the biomarker of
exposure. Of these, 1 found a breast cancer odds ratio of 5.8
(95% CI: 2.3, 14.7) for women with serum 25(OH)D con-
centrations less than 50 nmol/L compared with those with
concentrations of 50 nmol/L. or more (37). The other was
a nested case-control study which demonstrated a modest
inverse association of serum 25(OH)D with breast cancer
risk (38). More recently, in a meta-analysis of breast cancer
case-control and nested case-control studies (39), the overall
summary relative risk was 0.89 for each 10-ng/mL increase
in serum 25(OH)D concentration, but the authors con-
cluded that only prospective studies should be used for
inferences regarding breast cancer risk (largely because
of the timing of the blood draws in the case-control stud-
ies and other design limitations). The summary relative
risk for the 5 cohort studies was 0.97 (95% CI: 0.92, 1.03)
(39). Low serum 25(OH)D concentration was associated
with breast cancer-related mortality in one study (40) but
not in another (41).

We and other investigators (39) have no firm explanation
for why the accumulating evidence suggests that lower se-
rum 25(OH)D concentrations are associated with increased
risk of colorectal cancer but not breast cancer. This evidence
is strengthened by relatively consistent data demonstrating
inverse associations of serum 25(OH)D with precursor con-
ditions for colorectal cancer (i.e., adenomas) (42-44) but not
precursors for breast cancer (i.e., breast density) (45, 46). One
reason for the differential associations by cancer site may be
that vitamin D plays a unique, direct role in the human gut,
both to maintain calcium and phosphorus homeostasis and
to bind bile acids (47, 48). Whether these functions have an
independent role in relation to carcinogenesis that may not
exist in other tissues is unknown.

Strengths of this study include the prospective nature of
the study and the well-characterized WHI population with
extensive details on health, demographic, and lifestyle char-
acteristics, which allowed us to explore the role of several
lifestyle factors in the associations. Further, WHI has com-
prehensive monitoring of cancer screening tests and central
adjudication of cancer endpoints. Limitations include a single
assessment of serum 25(OH)D concentration. Some evidence
suggests that use of more than 1 measure may improve pre-
cision (49, 50). However, in a cohort study, Jorde et al. (51)
tracked serum 25(OH)D concentrations among 2,668 partici-
pants over 14 years and found that serum 25(OH)D remained
relatively stable over time. Finally, as in all observational stud-
ies, residual confounding may exist, particularly in relation to
variables that were measured with error or variables that were
not measured at all in WHI.

In conclusion, in 2 case-control studies nested within the
WHI CaD Trial, a low (vs. high) serum 25(OH)D concen-
tration was associated with an over 4-fold increased risk of
colorectal cancer after multivariable adjustment. However,
we observed no association of serum 25(OH)D concentra-
tions with breast cancer risk, similar to a previous finding
(16). We sought to determine whether several plausible life-
style variables confounded the associations; such evidence
was found for breast cancer but not for colorectal cancer.
The basis for the divergent response to multivariable ad-
justment remains uncertain, but these results may suggest
different biologic pathways for vitamin D across cancer
sites. Still, one of the important questions yet to be answered
is whether the observed associations with colorectal cancer
are causal or merely reflective of other, unmeasured or in-
adequately measured confounding variables associated
with healthy behaviors, such as regular physical activity,
good dietary habits, and healthy body weight. Whether
interventions designed to change serum 25(OH)D status
will reduce risk of either colorectal cancer or breast can-
cer remains unknown. It is crucial to address these ques-
tions in order to offer the most appropriate advice to
clinicians and their patients regarding vitamin D’s role
in cancer prevention.
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