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Abstract
Prospective and retrospective studies of vitamin D and breast cancer have produced discrepant results.

This may be due to variations in serum 25-hydroxyvitamin D [25(OH)D] concentrations over time,
including systematic changes after breast cancer diagnosis. We measured total serum 25(OH)Dn
Sister Study participants who provided samples at baseline (2003-2009) and 4-10 years later (2013-
2015). This included 827 women with an intervening breast cancer and 771 without! Although
modestly correlated over time (R=0.42), 25(OH)D concentrations increased in both groups, with larger
increases among cases (averaging 31.6 ng/mL at baseline, 43.5 ng/mL at follew-up) than controls
(32.3 ng/mL at baseline, 40.4 ng/mL at follow-up). Consequently;, the-estimated association between
25(0OH)D and breast cancer depended on whether baseline (odds ratio [OR]=0.87, 95% confidence
interval [C1]: 0.78-0.98 per 10 ng/mL) or second blood‘draw measures (OR=1.17, 95% CI: 1.08-1.26
per 10 ng/mL) were used. Concentrations were related, to regular (>4 times/week) vitamin D
supplement use, which became more common‘aver time. Increases were greater in cases (56% to 84%)
than in controls (56% to 77%). Our reSults\do not explain previously observed differences between
retrospective and prospective studies, but do demonstrate how reverse causation and temporal trends

in exposure can distort inférence.
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Introduction

Vitamin D has known, anti-carcinogenic properties (1), but previous clinical trials and
observational studies have not established a clear association between vitamin D and breast cancer sisk
(2-4). Observational studies of the association between breast cancer and the vitamin D biomarker,
25-hydroxyvitamin D [25(OH)D], have produced mixed results. Although many retrospective case-
control studies that measured 25(OH)D after the cases had been diagnosed reported evidence
suggesting that 25(OH)D is inversely associated with breast cancer (5-9), results from prospective
cohort studies have been less consistent. In most, pre-diagnostic 25(OH)YD concentrations were either
not associated with or only weakly inversely associated with breast cancer (2,10,19-25,11-18).

Our recent prospective study of serum 25(OH)D and breast cancer risk (26) found that high
concentrations of 25(OH)D were associated with decreased risk of breast cancer over the subsequent
five years. We had restricted the follow up interval because 25(OH)D levels vary over time (27-29)
and recent exposure could be most relevantte risk, with attenuation of effect estimates over prolonged
follow-up. We further hypothesized<dhat-the protective association observed in retrospective case-
control studies could also be da€; inpart, to reverse causation, with recently diagnosed cases
experiencing lifestyle changes or treatment effects that reduced their 25(OH)D concentrations.
However, as we only had measures at a single time point prior to cases’ diagnoses, we could not
estimate effects of either time or of breast cancer on 25(0OH)D.

We undertook this new study to address those remaining gaps. Specifically, we aimed to assess
serum 25(0OH)D in samples collected several years after baseline to study changes over time. If
changes did occur, we wanted to understand what factors influenced these changes, with particular

attention to an intervening breast cancer diagnosis.

Methods
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Description of Study Participants

Participants were sampled from the prospective Sister Study cohort, which included 50,884
women who had never had breast cancer when they enrolled. To be eligible, women had to have at
least one sister previously diagnosed with breast cancer, be aged 35-74, and live in the United‘States.
During enrollment (2003-2009), participants completed a computer-assisted telephone interview,
providing data on demographics, reproductive history, personal and familial health histories, and other
topics. Trained medical examiners collected bio-specimens and took body measurements and all
participants provided written informed consent. The study was approved:and-overseen by the
Institutional Review Boards of the National Institute of Environmental Health Sciences and the
Copernicus Group.

Participants are re-contacted annually for updates omtheir health. More detailed questionnaires
are completed every 2-3 years. Women with ineident cancer are asked to provide a copy of the
pathology report and authorize release of their medical records. All analyses are based on data
collected through September 2016 (data-release 6.0).

We previously assessed baseline*25(OH)D concentrations in 3,386 women for a case-cohort study
of incident breast cancer (26). This included 1,843 women randomly selected from the cohort
(including 68 cases) andhan additional 1,543 women who had been diagnosed with ductal carcinoma in
situ or invasive breast cancer within five years of baseline. During 2013-2015, 3,707 women who had
provided baseline blood samples (1,838 who had developed breast cancer and 1,869 women who had
not)wvere asked to provide a second blood sample. We successfully collected second samples for
1444 cases (62%) and 1,214 controls (65%). Of these, 1598 (827 cases, 771 controls) with baseline
25(0OH)D measures were randomly selected for inclusion in this study of 25(OH)D over time.

Assessment of serum 25(0OH)D
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The same protocol was used to collect, store, ship and analyze baseline and follow-up serum
samples for 25(OH)D (26). Briefly, blood was collected during in-home exams and shipped overnight
to our laboratory for aliquoting (30). All samples were stored at -80° C in 0.4-0.5 mL straws before
being shipped to Heartland Assays (Ames, IA). Once there, samples were analyzed for 25(OH)Ds,
25(0OH)D; and 3-epi-25(0OH)Ds3 using liquid chromatography—mass spectrometry with an Agilent 1290
Series High-Pressure Liquid Chromatography system and an Agilent 6460 Triple-Quadruple liquid
chromatography—mass spectrometry. We summed the concentrations of the.three metabolites, using
that total as our measure of interest. Individual metabolite concentrations below the limit of detection
(1.5 ng/mL) were assigned a value of 1.06 ng/mL (=1.5/7/2). Thistoccurred for 0%, 69% and 26% of
25(0OH)D3, 25(0H)D, and 3-epi-25(0OH)D3, respectively, at baseline, and 0%, 85% and 21% of
25(0OH)D3, 25(0H)D, and 3-epi-25(0OH)D3 at follow-up.\We’adjusted for batch and season of blood
draw using random effects models and LOESS regression, respectively, with the LOESS analyses
stratified by race (African-American versusnonsAfrican-American) and regular vitamin D supplement
use (>4 days/week versus <4 days/week).

The baseline and second™blood samples were analyzed separately, in 2015 and 2017,
respectively. For quality control across batches and over time, each batch included two samples drawn
from pooled sera. One of the pools combined sera from premenopausal women and the other
combined sera from’postmenopausal women. For the 2015 analysis, we observed inter-batch
coefficients of variation 11.0% and 8.5% for the premenopausal and postmenopausal samples,
respectively. Precision improved for the 2017 samples, with coefficients of variation of 5.4% and
49%. The QC samples showed slightly lower values for the 2017 versus 2015 assays (Fisher’s
combined p-value for t-tests p=0.07).

Statistical Analysis
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Correlation over time

We first calculated Spearman’s rank correlation coefficients (R) and p-values to compare
within-individual total 25(OH)D concentrations at the two time points. This was done for all samples
together and then separately for cases and controls. We also calculated intraclass correlation
coefficients (ICCs).

Predictors of changes over time

We next constructed predictive models to assess how within-individdal changes in certain
factors over time were related to within-individuals changes in 25(OH)Dconcentrations. The
covariates considered included an intervening breast cancer diagnesis, time between sample
collections, average age across the study period, and changes in‘the following variables across the two
times of blood collection: hormonal birth control use;shormone therapy use, physical activity level,
body mass index (BMI), alcohol use, history of 0steoporosis, menopausal status, vitamin D
supplement use, time spent outdoors, smoekKing status, geographic location, waist circumference, waist
to hip ratio, use of protective clothing, and incident bone fractures. We did not adjust for baseline
25(0OH)D, which would have produced bias towards the mean. For case-only models, we additionally
considered disease-related factors, including stage (0/in situ, I, I1, 11I/1V), type (lobular or ductal),
estrogen receptor statusyprogesterone receptor status, and human epidermal growth factor receptor
status, as well as treatment type: chemotherapy (yes/no), Herceptin/biological agents (yes/no),
radiation (yes/no), hormonal treatment (yes/no), and type of surgery (none, mastectomy, lumpectomy
or other-breast conserving surgery). These were entered into a linear regression model in a stepwise
fashion (with p-value cut-points of 0.15 to enter and 0.10 to stay).

We also constructed predictive models to better assess 25(OH)D changes over calendar time

versus age time. These models were fit separately for cases and controls and used restricted cubic
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spline terms for age and year. We used generalized estimating equations to account for repeated
measures (two per individual). To assess age trends, we obtained the predicted 25(OH)D concentration
for specified age values (range 35-85) when year was as observed. This was repeated to look at the
predicted 25(OH)D concentration for each year (2003-2015), when age was as observed.

Modeling 25(0OH)D and breast cancer risk

We next used logistic regression to assess the relationship between different measures of
25(0OH)D and breast cancer risk. For the first set of models, we estimated odds ratios (ORs) and 95%
confidence intervals (CIs) for the association between breast cancer and“baseline 25(OH)D, both
continuously and categorized into quartiles (820 cases, 764 controls with complete covariate data). We
also estimated ORs for the relationship between regular vitamin‘D supplement use (a vitamin D-
containing supplement >4 times/week) and breast cancer'isk. These models were adjusted for the
following covariates, as measured at baseline: age at blood draw (continuous), race/ethnicity (non-
Hispanic white, Black, Hispanic or other);€ducation (<high school, some college, bachelor’s degree,
graduate degree), current hormonalirth control use (yes/no), current hormone therapy use (none,
estrogen plus progestin, estrogén alone), physical activity level (0-5 hours/week, >5-10 hours/week,
>10 hours/week), BMI (<25%g/m?, 25-29.9 kg/m?, >30kg/m?), alcohol use (never/former drinker,
current drinker <l.drinkiday, current drinker >1 drink/day), history of osteoporosis (yes/no), parity (0,
1, 2, >3 births), menopausal status (pre or post-menopausal), and a BMI by menopausal status
interaction tepm.

In"a second set of logistic regression analyses, we used vitamin D measures based instead on
the-second blood draw, but adjusted for the confounders at their baseline levels. This was meant to
represent a retrospective case-control study where exposure is assessed after cases were diagnosed, but

participants are asked to recall covariate information from a prior time point. Lastly, we calculated

610z Aenuer go uo 1senb Aq z1 1 652G/58zAM)/8le/S601 0L /10pAdBIISqe-a|o1e-20uBApE/ale/wo0d dnoolwapede//:sdjiy wol papeojumoq



ORs and 95% Cls for the association between vitamin D measures at the second blood draw, adjusting
for covariates defined as of the time of that visit (as determined by data from follow-up questionnaires;
including 822 cases, 765 controls with complete covariate data). As very few women reported current
hormonal birth control use at the time of second blood draw, this was omitted from the model*\We
additionally combined all types of hormone therapy into an ever/never variable.

Sensitivity Analyses

In the first of two sensitivity analyses, we stratified cases by time between breast cancer
diagnosis and second blood draw (<1, 1-2.9, >3 years). Each set of caseéS-was‘compared to all controls
using logistic regression. In a second sensitivity analysis, we addfessed possible selection bias by
weighting the included participants by their inverse probability of selection (31,32), relative to the
subset asked to participate in the nested case-control bioSpecimen study. The weights for these
analyses were calculated separately for cases andicontrols using logistic regression and included
baseline levels of the variables specified forthe stepwise regression plus disease-related factors for the

cases.

Results

The most notable difference between cases and controls (Table 1) was that although
concentrations increased substantially over time in both groups, controls had higher relative 25(OH)D
conceptrations at baseline (mean=32.3 ng/mL versus 31.6 in cases; Figure 1A), but lower
coneentrations than cases at the second blood draw (40.4 ng/mL in controls versus 43.5 ng/mL in
cases; Figure 1B; p=7x107 for the estimated effect of case status on changes over time). The increase

over time is consistent with the increasing proportion of women reporting use of a vitamin D-
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containing supplement at least four times per week (56% at baseline for both groups, but 77% and
84% for controls and cases, respectively, at time of second blood draw).

Waist circumferences increased over time for both groups, with increasing BMI seen in
controls, an increasing proportion post-menopausal (especially among cases), and a slight decrease in
current smokers in both groups. Other variables, including physical activity, time spent-outdoors, and
alcohol consumption were difficult to compare across time due to differences in hewithe questions
were assessed at baseline versus follow-up (see Web Appendix, Web Figures 1-6), but are still useful
for comparing cases versus controls.

The cases were diagnosed at age 60.3, on average (Web Table\1): Most were estrogen receptor
positive, progesterone receptor positive, and human epidermal growth factor receptor-2 negative and
75% were either stage O (in situ) or stage I. Eight-two-pereent had either a mastectomy or lumpectomy,
72% were treated with a hormonal agent such as“Tamoxifen or Arimidex, 65% received radiation and
36% received chemotherapy.

Correlation over time

Total 25(OH)D concentrations were modestly correlated over time (R=0.42, p<0.001; Web
Figure 7). ICCs were 0.18, 0:09/and 0.29 for everyone, cases, and controls, respectively.

Predictors of changes over'time

Table 2 shows the final prediction model for changes in 25(OH)D over time, with each
estimate adjusted for the other covariates listed. Breast cancer status was one of the main determinants
of changes in 25(OH)D over time among all participants with an estimated 3.26 ng/mL (95% CI: 1.96,
456) increase associated with an intervening diagnosis. Other key contributors were a longer time
between blood draws, discontinuing hormonal birth control use, initiating or discontinuing regular

vitamin D supplement use, older average age between blood draws, and increasing alcohol
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consumption. Among controls, time between blood draws, discontinuing hormonal birth control use,
average age and vitamin D supplementation were again important predictors. Among cases, time
between blood draws, discontinuing hormonal birth controls use, regular vitamin D supplement usg;
and alcohol consumption predicted 25(OH)D. None of the disease or treatment related factors‘were
retained in the stepwise case-only model. Estimated parameters for the initial models with all
considered covariates are shown in Web Tables 2-4.

When we modeled the predicted effects of age and calendar time, wefobserved that both were
positively associated with 25(OH)D levels in cases and controls after muttaladjustment (Web Figure
8). In both instances, the slope for calendar time was steeper thanifor age, indicating the observed
changes were primarily behavioral.

Modeling 25(0OH)D and breast cancer risk

Similar to our previous report (26), totalhaseline 25(OH)D concentrations were inversely
associated with breast cancer risk (OR=087nxC1»0.78-0.98 per 10 ng/mL increase; Table 3), with
some evidence of a threshold effect{or’levels in the fourth quartile (OR=0.71, 95% CI: 0.52, 0.98 for
25(0H)D >38.5 [4™ quartile] versus<25.3 ng/mL [1% quartile]). We also observed an inverse
association between regular'vitamin D supplement use and breast cancer risk (OR=0.87, 95% CI: 0.70,
1.07). The associations etween vitamin D and breast cancer were similar in analyses restricted to
women whao were post-menopausal at baseline (Web Table 5).

In contrast to these findings, when we examined the relationship between breast cancer status
andwitamin D measured at the second time point, adjusting for contemporary covariates, we observed
streng positive associations. This was true for the analysis of total 25(OH)D measured continuously
(OR=1.17, 95% CI: 1.08, 1.26) or categorized into quartiles, as well as the assessment of regular

supplement use. Results were nearly identical for models adjusted for covariates measured at baseline.
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Sensitivity Analyses

The association between 25(OH)D at the second blood draw and breast cancer did not
measurably depend on the time between diagnosis and second blood draw (Web Table 6). The positive
association between regular supplement use at the time of the second blood draw and breast cancer
was also consistent over time. Of the women who were invited to participate in the nested case-control
bio-specimen study, those who participated tended to be older, non-Hispanic white, better educated,
have lower BMI, and were less likely to be smokers (Web Table 7). When we used inverse probability
of selection weights to control this selection bias, there was little difference in-the effect estimates for
25(0OH)D (Web Table 8) and a slightly stronger effect estimate for reqular supplement use (HR=1.54,

95% Cl: 1.18, 2.01).

Discussion

In this study of serum 25(OH)D cencentrations over time and their relationship with breast
cancer, we found that 25(OH)D wasimodestly correlated over a 4-10 year period. However,
concentrations increased considerably between baseline (2003-2009) and second blood draws (2013-
2014), with a larger increasesseen in cases than controls. These increases mirrored increases in
participants’ self-rgportedregular vitamin D supplement use, again with a higher increase seen in
those with an intervening diagnosis of breast cancer.

In aceordance with these trends, although baseline 25(OH)D was associated with a decreased
risk'ef breast cancer, the later 25(OH)D levels were associated with increased risk. These findings do
not help to explain the previously observed differences between retrospective and prospective studies

of 25(OH)D and breast cancer, in which only retrospective studies tended to show protection.
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However, they do demonstrate that reverse causation and temporal trends in exposure can hugely bias
effect estimates in retrospective studies.

Our findings that vitamin D supplement use and 25(OH)D concentrations increased over the
study period are consistent with data collected for the National Health and Nutrition Survey
(NHANES). For 1999-2012, Kantor et al. (33) observed a substantial increase in vitamin D
supplementation in women, going from 40% prevalence in 1999-2000 to 47% prevalence’in 2011-
2012. Much of the change seemed to be driven by an increase in vitamin D-specific’supplementation
(8% to 26% prevalence over the 14-year period) rather than from general'muttivitamin intake, which
actually decreased (44% to 41%). As the initial prevalence and slepe of change in prevalence over
time were highest for older, well-educated, and non-Hispanic white women, these nationally-
representative results are quite consistent with what was ebserved in our sample.

Though consistently lower than in Sister‘Study’participants, 25(OH)D concentrations in
NHANES participants also rose over this-time period, from a mean of 24.4 ng/mL in 2003-2004
(unadjusted for season and limited to females >35) to a mean of 31.0 ng/mL in 2011-2012. (34) Based
on our data, the increase in vitaminD-use may be stronger in women diagnosed with breast cancer.
Such women are presumably.especially motivated to improve their overall health and survival,
decrease their risk.of reeurrence, and manage treatment side effects.

Our correlation results are lower than other studies of 25(OH)D concentrations over time. Not
surprisingly,\the studies with shorter time intervals between samples generally had higher correlations
thamthose with longer time periods. Samples collected one year apart had correlations of 0.65-0.80
(28,35) or ICCs of 0.90 (36); 1-3 years apart had ICCs of 0.68-0.96; (24,36,37) longer-term studies
showed ICCs of 0.50-0.65 (24,27) or correlation coefficients of 0.42-0.53 (28,35). However, those

studies preceded the recent rise in vitamin D supplement use.
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Discontinuation of hormonal birth control was associated with decreased 25(OH)D. However,
despite the fact that women were aging and going through menopause (including treatment-induced
menopause) over the study period, 25(OH)D still increased substantially. Given that neither dietary
intake nor time spent outdoors were retained in the stepwise prediction models, it seems likely\that
increased supplement use is the principal driver of 25(OH)D increases in our participants.

Our initial expectation was that women recently diagnosed with breast cancernwould have
lower 25(OH)D concentrations due to the effects of the disease, its treatment, or to behavioral changes
following diagnosis. Thus, we were surprised to see positive associations between retrospectively-
collected 25(OH)D and breast cancer — even among those who previded their second serum sample
within one year of diagnosis. It is possible that the second samples were collected too long after
diagnosis to capture transient disease-related decreases. After all, the previous case-control studies that
showed inverse associations between retrospectively-measured 25(OH)D and breast cancer typically
enrolled participants within a few months-oftheir diagnosis. (5-7,9) As such, they may have done a
better job of capturing recent vitamin D-exposure, in which case the previous results may reflect our
hypothesis that recent vitamin/Dexposure is most relevant to breast carcinogenesis. That said, we note
that these previous case-control/studies also predate the recent increases in vitamin D supplement use
(33). Case-control.studies'may also have suffered from selection bias, with participating controls more
health conscious andthus more likely to take supplements than the population from which they were
drawn.

Alimitation of this study is that the assays for the baseline and follow-up 25(OH)D measures
were done at two separate times, thereby increasing overall variability. However, we used the same
company and analysis approach for both sets of samples and included some of the same pooled control

samples with both sets of assays. Though comparisons of the quality control samples did not show
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statistically-significant differences, there was some weak evidence of systematic differences. If there is
a true systematic bias between the two sets of tests, the differences are likely small and should be non-
differential by case status.

Generalizability is also a concern here, as our participants are mostly non-Hispanic white.and
well-educated, and all have a sister with a history of breast cancer. Such women likely have. high
vitamin D intakes than the general population, though their reported supplement use‘was consistent
with the trends seen in NHANES participants of similar age, race, and education. Additionally, as the
response rates for the second blood draws were somewhat low (63%), W& examined estimated effects
for the original selected sample using inverse probability of selection'weights. These analyses
produced results similar to those reported in the main analysis.

Study strengths include the use of liquid chromatography—mass spectrometry to measure
25(0OH)D and detailed and frequent data collection that'allowed us to assess exposure and covariate
levels across the study period. This is alse-the, first study to compare trends for women with and
without intervening breast cancer diagnoses. With this data we were able to compare results obtained
from looking at the 25(OH)D-breastcancer association prospectively (pre-diagnosis) versus
retrospectively (post-diagnaosis)< Though our finding of an apparent positive association between
25(0OH)D and breast cancer in the retrospective analysis using samples taken at follow-up was not
what we had expected, the increased use of vitamin D supplements over the study period, especially
among-casesyoffers a plausible explanation for the observed effect estimates in this specific case.
More generally, this study provides a cautionary tale supporting the need to consider temporal trends

inexposure, especially when those exposures may be affected by disease status.
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Figure 1. Distribution of serum 25(OH)D concentrations by breast cancer status at A) baseline and B)
time of second blood draw. At baseline, the mean 25(OH)D concentration for cases was 31.6 ng/mL
and the mean for controls was 32.3 ng/mL. At follow-up, the means were 43.5 ng/mL and 40.4 ng/mL
for cases and controls, respectively.
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Table 1. Characteristics of Sister Study participants at baseline (2003-2009) and second blood draw (2013-2015).2

Controls (n=771)

Breast cancer cases (n=827)

Second blood

Second blood

Characteristic Baseline draw Baseline draw
No. % No. % No. % No. %
Age” 55.6 (8.8) 63.1 (8.8) 57.8 (8.8) 65.4 (8.7)
Total 25(OH)D (ng/mL)"° 32.3(10.3) 40.4 (13.7) 31.6 (9.7) 43.5(14.1)
Waist in inches” 33.7(5.7) 35.1(5.9) 34.1(5.8) 35.3(5.8)
Waist to hip ratio® 0.8 (0.1) 0.8 (0.1) 0.8(0.1) 0.8(0.1)
Race
Non-Hispanic white ~ 685 89 737 89
African-American 46 6 38 5
Hispanic 27 4 27 3
Other 13 2 24 3
Education
High school or less 110 14 118 14
Some college 241 31 237 29
Bachelor’s degree 203 26 214 26
Graduate degree 217 28 257 31
Postmenopausal 513 67 678 88 593 72 788 95
Physical activity®
0-5 hours/week 233 30 332 43 233 28 337 41
5.1 - 10 hours/week 279 36 187 24 314 38 222 27
>10 hours/week 258 34 252 33 278 34 268 32
Body mass index®
<25 kg/m* 305 40 292 38 321 39 303 37
25-29.9 kg/m* 247 32 237 31 265 32 283 34
>30 kg/m* 219 28 242 31 241 29 241 29
Current hormonal birth control 34 4 12 2 33 4 0 0
Current hormone therapy
None . '682 89 607 79 706 86 723 88
Estrogen plus progestin 26 3 32 4 47 6 15 2
Estrogen only. 62 8 127 17 72 9 85 10
Regular vitamin D supplement use 425 56 590 77 456 56 691 84
(>4x/week)
Time Spent Outdoors*
0-320%ours/year 198 26 179 23 209 25 230 28
321-530 hours/year 195 25 151 20 198 24 139 17
531-850"hours/year 184 24 262 34 215 26 301 36
>850 hours/year 193 25 179 23 203 25 157 19
Usually wear pratective clothing/hat® 169 22 254 33 181 22 276 33
Alcohol Constmption®
Never/former drinker 131 17 162 21 150 18 192 23
Current drinker, <1 drink/day 519 67 430 56 566 68 486 59
Current drinker, >1 drink/day 119 15 179 23 111 13 149 18
Smoking Status
Never Smoker 417 54 417 54 466 56 466 56
Former Smoker 306 40 324 42 324 39 337 41
Current Smoker 48 6 30 4 37 4 24 3
Parity
0 births 154 20 151 20 171 21 171 21
1birth 110 14 112 15 110 13 109 13
2 births 277 36 278 36 291 35 292 35
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>3 hirths
History of osteoporosis
State of residence
1-Southern most (FL, HI, PR)
2
3
4
5- Northern most (AK, WA, MT, ND,
MN, WI, ME)

229
190

54
104
250
288

75

30
25

7
13
32
37
10

229
218

57
107
255
278

74

30
28

7
14
33
36
10

255
190

62
106
264
315

80

31
23

7
13
32
38
10

255
245

63
111
260
314

79

31
30

8
13
31
38
10

Abbreviations: FL = Florida, HI= Hawaii, PR = Puerto Rico, AK = Alaska, WA = Washington, MT = Montana, ND =

North Dakota, MN = Minnesota, WI= Wisconsin, and ME = Maine

*Whenever possible, missing data at follow-up filled in based on baseline data (<1% of observations)..\Remaining missing:
Baseline waist (2 cases), Baseline waist to hip ratio (2 controls, 2 cases), Race/ethnicity (1 case), Education (1 case),
Physical activity at baseline (1 control, 2 cases), Current birth control use at baseline (2 controls;-2 cases), Current
hormone therapy use at baseline (1 control, 2 cases), Current hormone therapy at follow-up15,controls, 4 cases), Regular
vitamin D supplement use at baseline (13 controls, 9 cases), Regular vitamin D supplement use atfollow-up (5 controls, 4
cases), Time spent outdoors at baseline (1 control, 2 cases), Alcohol consumption at baseline*(2 controls), Parity at
baseline (1 control), Parity at follow-up (1 control)

®\alues are expressed as mean (standard deviation)

‘Variables assessed differently in baseline and follow-up questionnaires. See web‘appendix for details.

IMeasured as weight (kg) / height (m)?
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Table 2. Parameters retained from stepwise regression models for predicting changes in
total serum 25(OH)D levels over time.

Change in 25(OH)D per unit increase

All Participants Controls Cases

Parameter B 95%Cl  p _ 95%ClI B 95%<Cl
Breast Cancer Event 3.26 1.96, 4.56
Time between blood draws (years) 1.01 0.53, 1.49 0.98 0.33,1.64 0.95 0.26)y1.64
Stop taking hormonal birth control -6.16 -9.62,-2.69 -5.83 -10.7,-0.94 -758 =12.3,-2.86
Starting taking a vitamin D supplement ~ 3.37 192,482  4.48 241,655 235 /0.31,4.38
regularly (>4 times/week)
Stopped taking a vitamin D supplement  -8.30 -11.8,-4.79 -7.24 -11.7,-276 ~-9:94 -155,-4.41
regularly
Average age across blood draws (years) ~ 0.08 001,016  0.10  0.00.0.21
Increase in alcohol consumption (per -1.49 -2.76,-0.21 -2.31 -4.14,-0.49

category)

CI = confidence interval
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Table 3. Odds ratios and 95% confidence intervals for relationship between vitamin D and breast cancer
based on different measurements of vitamin D and associated covariates

Odds . 9%
Vitamin D category Ratio Confidence
Interval

Model 1: Baseline 25(OH)D D, Baseline covariates (820 cases, 764 controls)
Total serum 25(0OH)D*?

Quartile 1 (6.4-25.3 ng/mL) 1.00 Referent
Quartile 2 (25.4-31.8 ng/mL) 1.04  0.78,1.39
Quartile 3 (31.9-38.5 ng/mL) 094 0.70,1.26
Quartile 4 (38.6-73.9 ng/mL) 0.71 0.52,0.98
Continuous 25(OH)D (per 10 ng/mL) 0.87 0.78, 0.98

Regular vitamin D supplement use (>4 times/week) 0.87 0.70,1.07
Model 2: Secondary measure of 25(OH)D, Baseline covariates (820 cases, 764

controls)
Total serum 25(0OH)D"
Quartile 1 (9.5-30.8 ng/mL) 1.00 Referent
Quartile 2 (30.9-39.1 ng/mL) 1.4Y 771.04,1.91
Quartile 3 (39.2-47.9 ng/mL) N57 1.16, 2.13
Quartile 4 (48.0.-137.6 ng/mL) 1.85 1.36, 2.51
Continuous 25(OH)D (per 10 ng/mL) 1.17 1.08, 1.26

Regular vitamin D supplement use (>4 times/week) 1.39 1.07,1.81
Model 3: Secondary measure of 25(0OH)D; Covariates assessed at time of
second blood draw (822/Cases, 765 controls)
Total serum 25(0OH)D°

Quiartile 1 (9.5-30.8 ng/mL) 1.00 Referent
Quartile 2 (30.9-39.1 ng/mL) 1.50 1.10, 2.04
Quartile 3 (39.2-47.9 ng/mLy) 1.55 1.14,2.11
Quartile 4 (48.0.-137.6 ng/mL) 1.88 1.38, 2.57
Continuous 25(OH)D (per 40 ng/mL) 1.17 1.08, 1.26

Regular vitamin D supplement use (>4 times/week) 1.41 1.08, 1.85
Adjusted for age at blood draw, raCe/ethnicity, education, current hormonal birth control use, current hormone
therapy use and type, physical activity,;BMI, alcohol use, osteoporosis, parity, menopausal status and
menopausal status by BMI interaction term

®Same covariates as model 1, but tsed age at second blood draw

‘Same covariates as model, 1 (assessed at time of second blood draw), excluding current hormonal birth control
use and grouping tw@'types of hormone therapy together
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