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Abstract

Objective—To determine the relationship between 25-hydroxyvitamin D (25[OH]D) values and
subsequent cancer incidence and mortality.

Patients and Methods—We identified all adult patients living in Olmsted County, Minnesota
between 01/01/2005 and 12/31/2011 who had at least one 25(OH)D measurement and no prior
diagnosis of cancer. Cancer outcomes were retrieved starting 30 days after 25(OH)D measurement
and until patients’ final clinical visit as an Olmsted County resident, 12/31/2014, or death. Cox
proportional hazards regression was used to analyze data.

Results—A total of 8,700 individuals had a 25(OH)D measurement and no prior history of
cancer, with a mean 25(OH)D value of 29.7+12.8 ng/mL. The mean age was 51.5+16.4 years, and
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most were women (78.1%) and white (85.7%). A total of 761 individuals developed cancer (skin
cancer, n=360; non-skin cancer, n=401) over a median (interquartile range) follow-up duration
of 4.6 (3.4-6.1) years. Compared with subjects with 25(OH)D values 20-50 ng/mL (reference
group), those with 25(0OH)D values <12 ng/mL had a greater non-skin cancer incidence (hazard
ratio [HR], 1.56; 95% CI, 1.03-2.36; P=.04) after adjustment. There was no association between
25(0OH)D values and total cancer or skin cancer incidence. Compared with subjects from the
reference group, 25(0OH)D <12 ng/mL (HR, 2.35; 95% CI, 1.01-5.48; P=.047) and 12-19 ng/mL
(HR, 2.10; 95% ClI, 1.05-4.22; P=.04) were associated with increased cancer mortality.

Conclusion—Low 25(0OH)D levels were associated with increased risk of incident non-skin
cancer and cancer-related mortality.
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1. Introduction

Low vitamin D status is widely prevalent and has been associated with increased cancer
incidence and mortality in multiple observational studies.2=® Animal models and in vitro
studies suggest that vitamin D affects cancer biology through various mechanisms —

cell differentiation, apoptosis, angiogenesis, cancer cell differentiation, inflammation, and
immune modulation.10 Specific vitamin D receptor gene polymorphisms leading to loss or
gain of function modify the risk of multiple cancer subtypes.11-15 Recent meta-analyses

of randomized controlled trials (RCTs) evaluating vitamin D supplementation demonstrated
13-16% decreased risk in cancer mortality compared with placebo; however, the studies
failed to demonstrate a significant effect on cancer incidence.16: 17 In the VITAL study, one
of the largest of such RCTs, vitamin D supplementation decreased the risk of cancer-related
death (hazard ratio [HR] 0.75, 95% CI 0.59-0.96) in a subset of patients receiving at least 2
years of supplementation (2000 1U per day).1® However, there was no significant effect on
cancer incidence.

Several authors have proposed that the duration of vitamin D exposure and study follow up
in most RCTs have been insufficient to affect cancer incidence, potentially explaining the
conflicting observations of cancer incidence in observational versus interventional studies.18
RCTs have also been limited by significant proportions of the control arms often consuming
vitamin D supplements.1’

Similar to all-cause mortality, the risk of cancer-related death may have an inverse J-shaped
association, with greatest risk at 25-hydroxyvitamin D [25(0OH)D] levels <12 ng/mL (to
convert to nmol/L, multiply by 2.496).2 Moreover, we previously reported differences

in risk by ethnicity, with only whites having greater all-cause mortality risk with low
serum 25(0OH)D concentrations.® Recent studies suggest that specific cancer sites may

be differentially affected by 25(OH)D status.1% 20 Colorectal 20 breast,?! prostate,’ and
ovarian?2 cancers have been linked to low serum 25(OH)D levels in large cohort studies.
Pancreatic cancer incidence has been linked to high serum 25(OH)D levels in a large
case-control study.23
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Most previous trials and observational studies of vitamin D and cancer incidence and
mortality have been limited by small cohorts, low ethnic diversity, and sparse analyses of
cancer subtypes, as well as limited vitamin D exposure time in RCTs. Our objective was to
perform a population-based retrospective cohort study in the upper Midwest region of the
United States of the relationship between vitamin D status and risk of cancer by subtype and
cancer-related death. We hypothesized that we would observe an increased cancer incidence
and cancer mortality in persons with low baseline 25(OH)D status.

2. Materials and Methods

2.1 Rochester Epidemiology Project and setting

In an extension of our previous work and methodology,® 24 we conducted a population-
based retrospective cohort study using the Rochester Epidemiology Project (REP). The REP
is a medical records-linkage infrastructure, allowing for population-based medical research
in Olmsted County, Minnesota.25 26 The major health systems in Olmsted County include
Mayo Clinic and Olmsted Medical Center, providing a range of primary care through
quaternary-level services.2> The REP provides more than 50 years of data for over 500,000
unique individuals and 6.2 million person-years of follow-up, capturing 95% of the county’s
population,2>: 26

Olmsted County, Minnesota is located at 44°N latitude in the Midwestern United States.
There were 144,248 people residing in Olmsted County, MN in 2010.27 In comparison to the
U.S. population in 2010, Olmsted County had less ethnic diversity (86% versus 72% white),
was more educated (94% versus 85% high school graduates) and was wealthier ($64,090
versus $51,914 median household income).26 However, the population resembled that of the
overall Upper Midwest.27

2.2 Patient selection and outcomes

We identified all adults residing in Olmsted County between January 1, 2005 and December
31, 2011 who had at least one serum 25(OH)D measurement. The initial measurement

was considered the index measurement. Cancer outcomes were based on diagnosis codes
retrieved starting 30 days after 25(OH)D measurement. All malignant neoplasms were
included and identified using International Classification of Diseases, Ninth Revision
(ICD-9) codes 140-208.92 and 230-234.9 (Supplemental Table). Patients were followed
until their last clinical visit as an Olmsted County resident; until December 31, 2014; or until
death, whichever came first.

We collected data regarding each patient’s age, sex, body mass index (BMI), race, time

of year, Charlson Comorbidity Index (CCI), socioeconomic status, hypertension, and
smoking history, all of which were obtained at the time of index 25(OH)D measurement.
Socioeconomic status was determined by the HOUsing-based index of SocioEconomic
Status (HOUSES) index derived from real property data.28 Four standardized scores (each
score with mean of 0 and standard deviation [SD] of 1) are summated for each subject’s
residence: Assessed housing value, Area of living space, Number of bedrooms, and Number
of bathrooms. Patient addresses in the medical record were directly linked to publicly
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available property data. HOUSES index corresponded with the time of index 25(0OH)D
measurement.

The study was approved by the Mayo Clinic Institutional Review Board, and research
authorization was granted for retrospective chart review of all included records.

2.3 Laboratory methods

All 25(OH)D measurements were performed at Mayo Medical Laboratories during the
study interval by isotope-dilution liquid chromatography-tandem mass spectrometry. For this
study, 25(OH)D refers to the sum of 25(OH)D2 and 25(0OH)D3. Interassay coefficients of
variation for 25(OH)D2 were 6-14% and for 25(OH)D3 were 6-13% in control samples.
The recovery of analyte spiked into patient samples was 82-115% (mean, 102%) of
predicted for 25(0OH)D2 and 88-115% (mean, 103%) for 25(OH)D3. The limit of detection
was 4 ng/mL. Throughout the study interval, Mayo Clinic Laboratory participated in the
CDC Vitamin D standardization program (Ravinder Singh PhD, written communication,
August 22, 2014).

2.4 Statistical analyses

All analyses were performed with SAS, version 9.4 (SAS Institute, Cary, NC) and R

version 3.6.2 (R Core Team, R Foundation for Statistical Computing, Vienna, Austria).
Serum 25(OH)D was examined as a categorical variable using predetermined ranges of
interest: 25(OH)D values <12, 12-19, 20-50 (reference category), and >50 ng/mL. The
Kaplan-Meier method was used to calculate the probability of cancer and the probability

of surviving without cancer for each of the four categories of 25(OH)D values. Cox
proportional hazards regression was used to assess the relationship between 25(0OH)D
values and risk of cancer. Multivariable analysis was adjusted for age, sex, race, month

of 25(OH)D measurement, BMI, CCl, HOUSES Z score, smoking history, hypertension, and
osteoporosis/osteopenia. The functional form of continuous variables was assessed using
Martingale residuals and the proportional hazards assumption was assessed with plots of

the Schoenfeld residuals. After looking at survival free of any cancer, we performed similar
analyses looking at the most common non-skin cancer subtypes: colorectal, breast, and lung.
We performed a sensitivity analysis limited to the subset of patients with at least one year of
follow-up after 25(OH)D measurement to exclude all cancers that were diagnosed within 1
year of baseline 25(OH)D measurement.

Among patients who were diagnosed with a cancer during follow-up, we analyzed time from
cancer diagnosis to death. The Kaplan-Meier method was used to calculate the probability of
surviving after cancer for each of the four categories of 25(OH)D values. Cox proportional
hazards regression was used to assess the relationship between 25(0OH)D values and risk of
cancer-related death. Multivariable analysis was adjusted for race, CCI, and smoking history.

3. Results

Between January 1, 2005 and December 31, 2011, a total of 11,002 adults in Olmsted
County had a 25(OH)D measurement. From this group, 10 adults were excluded due to
lack of research authorization, 390 were excluded due to cancer diagnosis within 30 days
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subsequent to 25(OH)D level, and 1,902 were excluded due to cancer diagnosis prior to
25(0OH)D measurement. The final study group included 8,700 adults residing in Olmsted
County with baseline 25(OH)D evaluation and no prior history of cancer (Table 1). The
mean (SD) age of the study population was 51.5 (16.4) years, and 78.1% were women.
White race was reported in 85.7% of study subjects. The mean (SD) 25(OH)D value among
the study population was 29.7 (12.8) ng/mL. A total of 761 individuals developed cancer
(skin cancer, n=360; non-skin cancer, n=401) over a median (interquartile range) follow-up
duration of 4.6 (3.4-6.1) years.

In the univariate analysis, older age, male sex, CCI, smoking history, and hypertension were
individually associated with subsequent development of any cancer (Table 2). Non-white
race was inversely associated with development of any cancer. Compared with the reference
category, 25(0OH)D 12-19 ng/mL (HR 0.72; 95% CI, 0.58 — 0.90), but not <12 ng/mL or
>50 ng/mL, was associated with decreased risk of development of any cancer (Table 2;
Supplemental Figure).

In the multivariable analysis, older age (per decade, HR 1.41; 95% ClI, 1.31-1.53), male sex
(HR 1.41; 95% CI, 1.18-1.69), and history of smoking (HR 1.33; 95% CI, 1.13-1.55) were
associated with development of any cancer (Table 2). Non-white race was associated with
lower risk of cancer development (HR 0.60; 95% ClI, 0.44-0.82). There was no interaction
between race and low 25(OH)D on the incidence of cancer. There were no significant
associations between levels of 25(OH)D with development of any cancer (Table 2; Figure 1).

We examined the outcomes of skin cancer and non-skin cancer separately. In the univariate
analysis of development of skin cancer, older age, male sex, CCI, BMI, smoking history,
and hypertension were associated with development of skin cancer, and non-white race
was inversely associated with development of skin cancer (Table 2). Compared with the
reference group, 25(0OH)D <12 ng/mL (HR 0.35; 95% CI, 0.18-0.71) and 12-19 ng/mL
(HR 0.49; 95% Cl, 0.34-0.71), but not >50 ng/mL, were associated with decreased risk
of development of skin cancer. In the multivariable analysis, older age (per decade, HR
1.62; 95% Cl, 1.44-1.82) and male sex (HR 1.72; 95% ClI, 1.33-2.23) were significantly
associated with development of skin cancer, and non-white race (HR 0.31; 95% ClI,
0.16-0.58) was inversely associated with development of skin cancer. 25(OH)D was not
associated with development of skin cancer (Table 2; Figure 1).

For non-skin cancers, on univariate analysis, older age, CCIl, HOUSES Z score, smoking
history, and hypertension were associated with development of non-skin cancer (Table 2),
and 25(OH)D levels were not associated with development of non-skin cancer (Table 2;
Supplemental Figure). In the multivariable analysis, older age (per decade, HR 1.27; 95%
Cl, 1.15-1.41), CCI (HR 1.06; 95% Cl, 1.01-1.12), and smoking history (HR 1.56; 95%
Cl, 1.25-1.95) were associated with development of non-skin cancer (Table 2). Compared
with the reference group, only 25(0OH)D <12 ng/mL (HR 1.56; 95% Cl, 1.03-2.36), was
significantly associated with increased risk of development of non-skin cancer (Table 2;
Figure 1). In a sensitivity analysis excluding any cancer which developed within the first
year of index 25(OH)D measurement, the hazard ratio for risk of developing non-skin cancer
in the setting 25(0OH)D <12 ng/mL remained consistent, but the analysis was underpowered
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to achieve statistical significance (HR 1.57, 95% CI 0.99-2.50, P=.06; data not shown). No
increased risk of developing non-skin cancer was observed with 25(OH)D >50 ng/mL (Table
2; Figure 1).

We analyzed subjects who died from cancer separately (n=54). Cancer-related death was
associated with age (HR 1.31; 95% Cl, 1.07-1.60), non-white race (HR 3.91; 95% ClI,
1.97-7.76), CCI (HR 1.20; 95% CI, 1.11-1.30), smoking history (HR 2.53; 95% Cl, 1.35-
4.74), and hypertension (HR 2.12; 95% CI, 1.18-3.79) on univariate analysis (Table 3).

In the same analysis, 25(OH)D <12 ng/mL (HR 3.47; 95% CI, 1.60-7.49) and 25(OH)D
12-19 ng/mL (HR 2.76; 95% CI, 1.43-5.34) were associated with a significantly increased
risk of cancer-related death compared with the reference group. In a multivariable model
including race, CCI, smoking history, and baseline 25(0OH)D status, CCI (HR 1.15; 95%
Cl, 1.06-1.25) and smoking history (HR 2.12; 95% ClI, 1.12-4.02) were associated with
cancer-related death (Table 3). In the same model, compared with the reference group,
25(0OH)D <12 ng/mL (HR 2.35; 95% Cl, 1.01-5.48) and 25(0OH)D 12-19 ng/mL (HR 2.10;
95% ClI, 1.05-4.22) were associated with a significantly increased risk of cancer-related
death (Table 3; Figure 2).

4. Discussion

In this population-based retrospective cohort study, low 25(OH)D status was associated with
a greater subsequent incidence of non-skin cancers and cancer-specific mortality. Subjects
with an index 25(OH)D measurement less than 12 ng/mL, after adjustment, were 1.6 times
more likely to develop non-skin cancer than those with normal 25(OH)D levels. Moreover,
among subjects who developed cancer, those with 25(OH)D levels of less than 12 ng/mL
and 12-19 ng/mL were 3.5 and 2.8 times more likely to die from cancer, respectively, than
the reference group.

Interestingly, there was no significant relationship between vitamin D and incidence of

all combined cancer subtypes after adjustment. This finding emphasizes the importance of
studies which evaluate the relationship between vitamin D and specific cancer subtypes,

as vitamin D may play different roles in the biology of specific cancer etiology and
progression. Our study results confirmed the inverse association between pre-diagnostic
circulating 25(OH)D and invasive cancer incidence that has been reported across several
observational studies.3-8 19. 29 The question of causation in this apparent protective
relationship of vitamin D and cancer remains unclear. One of the largest prospective cohort
studies found that pre-diagnostic serum 25(OH)D correlated with incident colorectal cancer
in women, but not incident breast or prostate cancers,19 a pattern that seems consistent
across other reports.3 30-33 A dose-response meta-analysis of vitamin D and colorectal
cancer risk revealed that an increment of 16 ng/mL in circulating 25(OH)D corresponded
with an increment odds ratio of 0.79 (95% CI 0.64-0.97).34 Conversely, increased risk

of pancreatic cancer was observed with pre-diagnostic 25(OH)D levels greater than 40
ng/mL in a large case-control study.2 A meta-analysis of RCTs evaluating vitamin D
supplementation and total cancer risk, showed a very small and insignificant trend (RR 0.98,
95% CI 0.93-1.03).16 Taken together, these data provide insight into discrepancies amongst
reports of cancer incidence: Vitamin D appears to affect incident cancer subtypes differently.

Mayo Clin Proc. Author manuscript; available in PMC 2022 August 01.
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Our study demonstrated a null association between vitamin D and skin cancer incidence
after multivariate adjustment. However, the association trend appears to favor decreased skin
cancer incidence among low vitamin D categories, and this relationship would indeed be
expected given the known risk of skin cancer with sun exposure. Reports in the literature are
conflicting. Pre-diagnostic 25(0OH)D3® and vitamin D dietary intake38 had a null association
with incident melanoma. Incident squamous cell carcinoma was associated with serum
25(0OH)D37 but not vitamin D dietary intake,38 which is consistent with serum 25(OH)D
being a proxy for ultraviolet light exposure.

We also confirmed an inverse association with vitamin D and cancer mortality.38 The
cancer survival benefit afforded by vitamin D supplementation appears to be around 13-
16%.16: 17. 39 These figures stand in stark comparison with our results, which suggest a
twofold to threefold increase in cancer mortality with a low or very low vitamin D level. The
reasons behind these mortality differences are likely multifactorial, reasons which overlap
with the discrepancies regarding vitamin D and cancer incidence among observational
studies and RCTs. Most notably, RCTs may have insufficient time to assess the relationship
of vitamin D exposure and cancer incidence, and they often exclude those with vitamin

D deficiency.16: 17 Vitamin D appears to be important for immune function,*? which has

a critical role in regulation of carcinogenesis and progression. Hence, longstanding low
vitamin D status may influence innate immunologic ability to prevent and fight cancer.
Moreover, RCTs have often had unregulated vitamin D supplementation in control groups,
which may moderate observed effects toward a null effect.1®> Conversely, low vitamin D
status may be a comorbid feature of poor overall health or an undiagnosed malignant

or premalignant condition. While vitamin D supplementation appears to benefit cancer
survival, 16-18 cancer itself may also have an effect of decreasing vitamin D status. However,
when we excluded subjects that developed cancer within 1 year of baseline 25(OH)D, we
found that the association was unchanged.

Our study had several strengths. This was a large community-based population study with
access to comprehensive medical, demographic, and individual-level socioeconomic data,
included in the adjusted analysis. Measurement of serum 25(OH)D was performed in a
single laboratory with isotope-dilution liquid chromatography-tandem mass spectrometry,
providing optimal accuracy and standardization of measured values.

Several limitations of our study are also noteworthy. Due to the retrospective nature of the
study, only patients who were clinically evaluated and underwent 25(OH)D measurement
could be included, which may not accurately reflect the entire population. There was

a predominance of women in the study, presumably having 25(OH)D measurement

for evaluation of osteoporosis, which is more prevalent in women than in men. The
adjustment for osteoporosis in the multivariable model should partially account for vitamin
D supplementation in those with osteoporosis. We were unable to detect associations among
individual cancer subtype and stage due to insufficient numbers of subtypes. Importantly, we
could not establish causality in relation to vitamin D and cancer incidence and mortality due
to the retrospective nature of the study. However, identifying a cohort free of cancer at the
time of index vitamin D is the optimal retrospective design to overcome this limitation. In
addition, it should be again emphasized that the association between low 25(OH)D levels
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and subsequent development of cancer, while real and significant, does not necessarily imply
either causality or a direct role of vitamin D in the development of cancer. It is possible

that vitamin D status is simply a biomarker of other (as-yet unidentified) covariates that are
pathophysiologically related to the development of cancer. Finally, our results are based on
one historic measurement of 25(OH)D, which may not be perfectly reflective of long-term
vitamin D status or of subsequent vitamin D supplementation. However, serum 25(0OH)D
appears to be relatively constant over time.4!

Future studies should aim to clarify discrepancies among reports of vitamin D and cancer
incidence and mortality, including evaluation of individual cancer subtypes with larger
cohorts. Randomized controlled trials evaluating vitamin D supplementation could benefit
from prolonged vitamin D exposure and follow-up.

5. Conclusion

We demonstrated that pre-diagnostic serum 25(OH)D was inversely associated with incident
non-skin cancer and cancer-related death. Serum 25(OH)D had a null association with
incident skin cancer and total cancer incidence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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REP Rochester Epidemiology Project

SD standard deviation
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Figure 1.
Spline plots displaying hazard ratios for (A) any cancer, (B) skin cancer, and (C) non-skin

cancer, with serum 25(OH)D values as a continuous variable. SI conversion factors: To
convert 25(OH)D values to mmol/L, multiply by 2.496. 25(OH)D, 25-hydroxyvitamin D.
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Figure 2.

Kaplan-Meyer curve showing survival after cancer diagnosis in those subjects whose death
was attributed to cancer. SI conversion factors: To convert 25(OH)D values to mmol/L,
multiply by 2.496. 25(OH)D, 25-hydroxyvitamin D.
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Baseline characteristics of Olmsted County residents with a serum 25(OH)D measurement between 1/1/2005
and 12/31/2011 and no prior history of cancer.

Serum 25(OH)D categories (ng/mL)

Characteristics Total <12 12-19 20-50 >50 P value
n 8700 515 1331 6420 434
25(0OH)D, Mean (SD), ng/mL 29.7 (12.8) 8.5 (2.1) 15.9 (2.3) 32.1(7.6) | 61.2(15.1)
Age, mean (SD), years 51.5 (16.4) 47.8 (16.3) 49.5 (16.0) 52.1(16.4) | 52.7 (17.6) 10%
Age groups, n (%)
18-49 yr 3848 (44.2) | 285(55.3) | 658(49.4) | 2727 (425) | 178 (41.0)
50-64 yr 3066 (35.2) 162 (31.5) 459 (34.5) | 2291 (35.7) | 154 (35.5)
>65 yr 1786 (20.5) 68 (13.2) 214 (16.1) | 1402 (21.8) | 102 (23.5)
Sex, n (%) <.001
Women 6796 (78.1) | 376(73.0) | 984(73.9) | 5045 (78.6) | 391 (90.1)
Race, n (%) <.001
Non-white 1240 (14.3) | 207 (40.2) | 370(27.8) | 646 (10.1) 17 (3.9)
Season, n (%) <.001
Winter, Dec-Feb 2176 (25.0) | 177(34.4) | 400(30.1) | 1521(23.7) | 78(18.0)
Spring, Mar-May 2267 (26.1) | 166(32.2) | 425(31.9) | 1556 (24.2) | 120 (27.6)
Summer, Jun-Aug 1969 (22.6) 78 (15.1) 195 (14.7) 1572 (24.5) | 124 (28.6)
Fall, Sept-Nov 2288 (26.3) 94 (18.3) 311(23.4) | 1771 (27.6) | 112 (25.8)
Charlson Comorbidity Index, mean (SD) 25(2.5) 2.6(2.9) 25(2.7) 24(2.4) 26(24) 044
BMI, mean (SD) 29.0(7.6) | 322(101) | 31.2(83) 285(7.1) | 255(61) | _,,0
HOUSES Z, “mean (SD) -0.10(351) | -1.51(3.16) | -0.96(3.39) | 0.16(350) [ 0.40(358) | .0
Ever Smoked ¢ 3841 (47.9) | 261 (55.4) 641 (52.5) | 2750 (46.5) | 189 (46.0) | <.001
Hypertension 3294 (37.9) | 221(42.9) | 528(39.7) | 2389(37.2) | 156 (35.9) .03
Hyperlipidemia 4291 (49.3) 214 (41.6) 636 (47.8) | 3222 (50.2) | 219 (50.5) .001
Osteopenia/Osteoporosis 2998 (34.5) 130 (25.3) 376 (28.2) 2298 (35.8) | 194 (44.9) <.001

aSpearman Correlation
b .
Pearson Correlation
c. . .
Available in 8206

dAvaiIabIe in 8012
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Table 2.
Associations between serum 25(OH)D values and any cancer. Univariate and multivariable hazard ratios are

from Cox proportional hazards modeling of time to any cancer and specific cancer subgroups.a’[7
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Risk Factor Univariate HR (95% P-value Multivariable HR (95% P-value
Cl) Cly*
Age (per decade) 1.50 (1.43, 1.58) <0.001 1.41(1.31, 1.53) <0.001
Male Sex 1.32(1.12, 1.55) <0.001 1.41(1.18, 1.69) <0.001
Non-white Race 0.49 (0.37, 0.65) <0.001 0.60 (0.44, 0.82) 0.001
Chi\)rlson Comorbidity Index (per 1.17 (1.14,1.20) <0.001 1.03 (0.99, 1.07) 0.20
uni
BMI (per kg/m?) 0.99 (0.98, 1.00) 0.082 1.00 (0.99, 1.01) 0.76
HOUSES Z (per unit) 0.98 (0.96, 1.00) 0.11 1.00 (0.98, 1.03) 0.75
Total Cancer Ever Smoked (Yes vs No) 1.48(1.27,1.71) <0.001 1.33(1.13, 1.55) <0.001
Hypertension (Yes vs No) 1.82 (1.58, 2.10) <0.001 1.02 (0.85, 1.22) 0.85
(N)s';eoporosis/Osteopenia (Yesvs 1.84 (1.59, 2.12) <0.001 1.11 (0.93, 1.33) 0.25
o
Vitamin D
25(0H)D 20-50 ng/mL 1.0 1.0
25(0OH)D <12 ng/mL 0.88 (0.63, 1.21) 0.42 1.17 (0.82, 1.66) 0.40
25(0H)D 12-19 ng/mL 0.72 (0.58, 0.90) 0.004 0.85 (0.67, 1.08) 0.19
25(0H)D >50 ng/mL 1.32 (0.98, 1.78) 0.07 1.32 (0.96, 1.80) 0.09
Age (per decade) 1.66 (1.55, 1.78) <0.001 1.62 (1.44, 1.82) <0.001
Male Sex 1.41(1.12,1.77) 0.004 1.72 (1.33, 2.23) <0.001
Non-white Race 0.21(0.12, 0.39) <0.001 0.31 (0.16, 0.58) <0.001
CI'\_:jcl)rIson Comorbidity Index (per 1.18(1.14,1.22) <0.001 0.98 (0.93, 1.04) 0.55
uni
BMI (per kg/m?) 0.98 (0.96, 0.99) 0.002 0.99 (0.97, 1.01) 0.32
HOUSES Z (per unit) 1.01 (0.98, 1.04) 0.69 1.02 (0.99, 1.06) 0.21
Skin Cancer Ever Smoked (Yes vs No) 1.27 (1.02, 1.57) 0.03 1.12 (0.89, 1.40) 0.34
Hypertension (Yes vs No) 1.93 (1.57, 2.38) <0.001 1.08 (0.83, 1.39) 0.59
ﬁsgeoporosis/Osteopenia (Yes vs 2.44 (1.98,3.01) <0.001 1.35(1.04, 1.74) 0.02
o
Vitamin D
25(0OH)D 20-50 ng/mL 1.0 1.0
25(0H)D <12 ng/mL 0.35 (0.18, 0.71) 0.004 0.63 (0.31, 1.29) 0.20
25(0H)D 12-19 ng/mL 0.49 (0.34,0.71) <0.001 0.68 (0.46, 1.01) 0.06
25(0H)D >50 ng/mL 1.28 (0.84, 1.95) 0.26 1.15 (0.73, 1.81) 0.56
Age (per decade) 1.38 (1.29, 1.47) <0.001 1.27 (1.15, 1.41) <0.001
Male Sex 1.24 (0.99, 1.55) 0.07 1.19 (0.93, 1.53) 0.18
Non-Skin Cancer Non-white Race 0.75 (0.54, 1.04) 0.087 0.84 (0.58, 1.20) 0.33
S:ii\)rlson Comorbidity Index (per 1.16 (1.13, 1.20) <0.001 1.06 (1.01, 1.12) 0.021
BMI (per kg/m?) 1.00 (0.99, 1.02) 0.56 1.00 (0.99, 1.02) 0.67
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Risk Factor Univariate HR (95% P-value Multivariable HR (95% P-value
Cl) CIy*
HOUSES Z (per unit) 0.96 (0.93, 0.99) 0.01 0.99 (0.96, 1.02) 0.60
Ever Smoked (Yes vs No) 1.69 (1.38, 2.08) <0.001 1.56 (1.25, 1.95) <0.001
Hypertension (Yes vs No) 1.73 (1.42, 2.10) <0.001 0.97 (0.75, 1.24) 0.79
Ss';eoporosis/Osteopenia (Yesvs 143 (1.17,1.74) <0.001 0.93(0.72,1.18) 0.53
o
Vitamin D
25(0OH)D 20-50 ng/mL 1.0 1.0
25(0OH)D <12 ng/mL 1.42 (0.98, 2.05) 0.07 1.56 (1.03, 2.36) 0.04
25(0OH)D 12-19 ng/mL 0.96 (0.72, 1.28) 0.78 1.01 (0.74, 1.37) 0.97
25(0OH)D >50 ng/mL 1.37 (0.90, 2.08) 0.14 1.50 (0.97, 2.30) 0.07

a - .
The multivariable model was also adjusted for season

bTime 0 is 30 days after medical visit
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Hazard ratios from Cox proportional hazards modeling of time from cancer diagnosis to time of death in those

subjects who died from cancer.”

Risk Factor Univariate HR (95% CI) | p-value | Multivariable HR (95% Cl) | p-value
Age (per decade) 1.31(1.07, 1.60) 0.009
Male Sex 1.33(0.76, 2.33) 0.33
Non-white Race 3.91(1.97, 7.76) <0.001 2.19 (0.96, 4.96) 0.06
Charlson Comorbidity Index (per unit) 1.20 (1.11, 1.30) <0.001 1.15 (1.06, 1.25) 0.001
BMI (per kg/m?) 1.03 (0.99, 1.06) 0.14
HOUSES Z (per unit) 0.92 (0.84, 1.00) 0.06
Ever Smoked (Yes vs No) 2.53 (1.35,4.74) 0.004 2.12 (1.12,4.02) 0.020
Hypertension (Yes vs No) 2.12 (1.18,3.79) 0.01
Osteoporosis/Osteopenia (Yes vs No) 1.23(0.72 (2.10) 0.44
Vitamin D
25(0OH)D 20-50 ng/mL 1.0 1.0
25(0H)D <12 ng/mL 3.47 (1.60, 7.49) 0.002 2.35 (1.01, 5.48) 0.047
25(0H)D 12-19 ng/mL 2.76 (1.43, 5.34) 0.003 2.10 (1.05, 4.22) 0.04
25(0H)D >50 ng/mL 0.40 (0.05, 2.89) 0.36 0.4 (0.06, 3.27) 0.42

a_. - A . .
Time 0 is time of initial cancer diagnosis
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