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Purpose: Circulating 25-hydroxyvitamin D (25(OH)D) is inversely associated with overall
cancer mortality and selected cancers, while for urothelial bladder cancer (BC) this relation-
ship is unclear. We aimed to examine the association between 25(OH)D and BC mortality.

Materials and Methods: We used prediagnostic serum from 378 BC cases within the
population-based Janus Cohort. Cox regression models estimated hazard ratios (HRs), with
95% confidence intervals (Cls), for the association between 25(OH)D and BC-specific and
all-cause mortality. Restricted cubic splines were assessed to examine non-linear risk asso-
ciations. Analyses were stratified by tumor invasiveness (non-muscle invasive BC (NMIBC)
and muscle invasive BC (MIBC)). Additionally, the association between 25(OH)D and all-
cause mortality was assessed for 378 cancer-free matched controls.

Results: 25(OH)D deficiency (<50 nmol/L) was associated with higher BC-specific mortal-
ity (HR 1.87, 95% CI 1.10-3.20), when compared with insufficient levels (50—74 nmol/L).
Stratification by tumor invasiveness revealed that this result was evident for NMIBC only,
both with respect to BC-specific mortality (HR 2.84, 95% CI 1.14-7.12) and all-cause
mortality (HR 1.97, 95% CI 1.06-3.65). No association between 25(OH)D levels and all-
cause mortality was found in cancer-free controls.

Conclusion: 25(OH)D deficiency (<50 nmol/L) prior to a BC diagnosis was associated with
increased risk of BC-specific mortality, when compared to insufficient levels (50—74 nmol/
L). The results were evident among NMIBC patients only, suggesting a more critical role of
vitamin D deficiency in an early stage of the disease.
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Introduction

Urothelial bladder cancer (BC) is ranked as the 10th most common cancer world-
wide, with approximately 550,000 new cases and 200,000 deaths each year." The
risk of dying from BC increases with age at diagnosis and stage and grade of the
disease.” Certain lifestyle factors have been suggested to influence BC prognosis,
including smoking status and obesity.**

During the past two decades, the essential micronutrient vitamin D has been
widely studied in relation to various health outcomes, including cancer mortality.”’
Vitamin D is a fat-soluble pro-hormone that is synthesized in the skin in response to
sunlight but can also be obtained from diet and supplement use.® Two hydroxyla-
tion steps are required to reach the biologically active state. First in the liver to form
25-hydroxyvitamin D (25(OH)D), the main circulating form and the best indicator
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of an individual’s vitamin D status. Then, to form the
1,25-dihydroxyvitamin-D  (1,25(OH),D),
which through the endocrine way occurs in the kidney.’

active state,
The active hormone of vitamin D has many biological
functions in addition to its well-established roles in cal-
cium homeostasis and bone health.'® In vitro and in vivo
experiments have shown that 1,25(OH),D modulates mul-
tiple steps involved in carcinogenesis, including inhibition
of cancer cell proliferation, promotion of cell differentia-
tion, and anti-inflammatory and anti-angiogenic effects.""
One of the most relevant effects of vitamin D for cancer
prognosis is its role in decreasing tumor invasiveness and
propensity to metastasize."'

Randomized controlled trials have shown that vitamin
D supplementation slightly decreases the risk of death
from all cancers as well as the risk of fatal cancer, com-
pared to placebo effects.'>'® Moreover, meta-analyses of
observational studies have reported associations between
low serum levels of 25(OH)D and increased cancer
mortality.'*'® Some observational studies have also
found inverse associations between 25(OH)D levels and
cancer-specific mortality in patients with breast, lung,

20722 \which also may be the

6,23-25

prostate, and colon cancer,
situation for BC, but the results are conflicting.

Although many studies have indicated that insufficient
levels of 25(OH)D increase the risk of cancer mortality,
a large degree of heterogeneity has been observed in the
meta-analyses published.'®'® There are huge variations in
the reported range and categorization of 25(OH)D concen-
trations, partly due to large variability in laboratory meth-
ods, but also because of large personal and environmental
variations, including variability over the course of
the year.”® Studies also vary in size, follow-up time, and
adjustment for potential confounding factors. Moreover,
most meta-analyses do not discriminate between pre- and
post-diagnostic serum samples.”? To date, most studies on
25(OH)D and cancer mortality have been performed on
serum collected after the cancer diagnosis, which increases
the risk of reverse causality, eg that the development and/
or the consequences of having cancer influences 25(OH)D
levels.”’

In the present study, we aimed to examine how pre-
diagnostic 25(OH)D levels, collected at least five years
before diagnosis, were related to BC-specific or all-cause
mortality, when adjusting for tumor invasiveness, smok-
ing, body mass index (BMI), physical activity and educa-

tion. For comparison, we also performed an additional

analysis on the association between 25(OH)D levels and
all-cause mortality in cancer-free controls.

Materials and Methods

Janus Serum Bank Cohort

The Janus Serum Bank Cohort (hereafter Janus Cohort) is
a population-based biobank preserved for cancer research
containing blood samples and health examination data
from 292,851 individuals who participated in one of five
large national health surveys conducted in Norway in the
period 1972-2004.>® For each participant, a non-fasting
blood sample was collected, and stored at —25 °C in the
All filled
a questionnaire, including information on smoking habits

Janus Serum Bank. participants out
and physical activity. As part of the health examination,
measurements of blood pressure, height, and weight were

performed by trained health personnel.?’

Study Population
The present study originates from a matched case-control
study nested within the Janus Cohort, consisting of 400 cases
and 400 controls.*® The study selection is described in
Figure 1. The Cancer Registry of Norway (CRN) has regis-
tered information on all cancer cases diagnosed in Norway
since 1953. CRN retrieves information from several inde-
pendent sources. Reporting is mandatory and the registry
holds high quality and complete data.>’ BC cases within the
Janus Cohort were identified by linkage to the CRN. We
included all first primary BC cases of the translational cell
type (histological verified by morphological codes 8120,
8130 and 8131, International Classification of Disease of
Oncology, 3rd revision) without a previous cancer diagnosis
(except cutaneous basal cell carcinoma). Information on
tumor invasiveness was based on pathological histology
reports. BC cases were categorized as non-muscle invasive
bladder cancer (NMIBC), including high-graded papillary
non-invasive tumors (Ta), carcinoma in situ (Tis) and tumors
invading lamina propria (T1), and muscle invasive bladder
cancer (MIBC), including tumors invading muscularis pro-
pria and further (T-stage T2-T4). To reduce the possibility for
reverse causality, BC cases had to be diagnosed at least 5
years after blood draw (inclusion). The main cause of death
was obtained from the national Cause of Death Registry.
The primary outcomes of the present study were risk
of BC-specific death and overall death, which is also
referred to as BC-specific mortality and all-cause mortality
throughout the paper. The main analyses were performed
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A
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Figure | Overview of study the population.

on the BC cases. For comparison, when studying all-cause
mortality, a sub-analysis was performed on cancer-free
controls. One control was matched to each case on
sex, year of birth (= 1 year), date of blood draw (+ 2
years), season of blood draw within the following
within the same

March—May,
September—November) and county of blood draw. The

3-month intervals calendar year

(December—February, June—August,
controls were required to be resident in Norway, alive
and without a cancer diagnosis before the index date
(date of BC diagnosis of the associated case).

The individuals were followed from the index date
until BC-specific death (cases) or death of all causes
(cases and controls), emigration or end of follow-up,
whichever occurred first.

25(OH)D
25(OH)D concentrations in serum were measured by
a liquid chromatography/tandem mass
method. The National

spectrometry
Hormone Laboratory (Oslo

University Hospital), participants of the vitamin
D External Quality Assessment Scheme, performed the
analysis. The serum samples were distributed across 25
batches, including cases and controls, whereof each batch
included a blinded quality control sample. The inter-assay
coefficient of variation (CV) was 11.1% at 60.1 nmol/L for
25(OH)D.

In Norway, the 25(OH)D levels vary by season. To
account for this, the 25(OH)D concentrations were season-
standardized by performing a least square fit of a sine
function to the measured concentrations of 25(OH)D ver-
sus date of blood draw. A detailed description of this
method has previously been published.*® Levels of 25
(OH)D were categorized based on cut points previously
defined by the endocrine society;** deficient (<50 nmol/L),
insufficient (50-74 nmol/L), optimal (75-99 nmol/L) and
high optimal (=100 nmol/L), using 50—74nmol/L as the
reference category, reflecting the average level in the
Norwegian population.*

Covariates

Self-reporting smoking status was categorized as never,
former and current smokers. BMI was calculated based on
the height and weight measurements and categorized
according to the World Health Organization’s classification:
underweight and normal weight (<25 kg/m?), overweight
(25-29.9 kg/m?) and obese (>30 kg/m?). Self-reported phy-
sical activity level was categorized as sedentary, moderately
active and active. Information on educational level was
obtained from Statistics Norway and classified as unknown,
compulsory, upper secondary, and college/university.

Statistical Analyses

Descriptive statistics were used to describe patient char-
acteristics. Means with standard deviation or median with
interquartile range were reported for continuous variables,
frequencies with percentages otherwise. Cox regression
was applied to estimate hazard ratios (HRs) and corre-
sponding 95% confidence intervals (Cls) for the associa-
tion between 25(OH)D and BC-related risk of death.
Moreover, to explore the underlying shape of the effect
of interest, the HR was modelled as a restricted cubic
spline with 4 knots dependent on 25(OH)D, using the
STATA package rscgen. The knots were, following
Harrell, the 5th, 35th, 65th and 95th
percentiles.** To compare the fit of the linear vs the spline

placed at

models, a likelihood ratio test was performed.
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All analyses were adjusted for age at index-date in
three categories (<60, 60-70 >70), sex, year of blood
draw in three categories (<1975, 1975-1984 and >1985),
batch number, and tumor-invasiveness (NMIBC and
MIBC) (Model 1). In a second model (Model 2), we
additionally adjusted for smoking status, BMI, physical
activity and education, categorized as described above.
As smoking, BMI and physical activity might be effect
modifiers of the association between 25(OH)D and BC-
specific mortality, we tested for interaction and conducted
analyses stratified by these variables. Statistical interaction
was evaluated using the likelihood ratio test.

The BC cases were followed in 5.6 years (range: 2.1—
10.6 years) from index date (BC diagnosis) and 216 deaths
occurred of which 110 were BC-specific deaths. Among
cancer-free controls, the median follow-up was 8.3 years
(range: 5.1-13.3 years), and 125 deaths occurred.

All statistical analyses were performed using STATA
version 15.1 (StataCorp, College Station, TX).

Results

The observed 5- and 10-year BC-specific survival of
the BC patients was 73% and 68%, respectively. The
observed BC-specific survival is also shown in
Supplementary Figure 1A for the whole group and strati-
fied by levels of 25(OH)D in Supplementary Figure 1B.
Study characteristics by levels of 25(OH)D among BC
cases, are shown in Table 1. Individuals who were defi-
cient in 25(OH)D (<50 nmol/L) were more likely to be

current smokers and to have smoked more pack-years, be

less physically active and have lower education, compared
with individuals with higher 25(OH)D concentrations (>50
nmol/L).

Deficiency in 25(OH)D in BC cases was associated
with higher risk of BC-specific mortality (HR 1.87, 95%
CI 1.10-3.20), but not all-cause mortality (HR 1.36, 95%
CI 0.90-2.07), when compared with individuals having
insufficient levels (Table 2). When stratifying by tumor
invasiveness, this pattern persisted among NMIBC
patients (BC-specific mortality: HR 2.84, 95% CI 1.14—
7.12) and 25(OH)D deficiency was also associated with
elevated all-cause mortality among NMIBC (HR 1.97,
95% CI 1.06-3.65). In contrast, among MIBC, high opti-
mal levels (=100 nmol/L) were associated with higher BC-
specific mortality (HR 2.93, 95% CI 1.15-7.51), when
compared to insufficient levels.

In cancer-free controls, no association was found
between 25(OH)D levels and all-cause mortality (Table 2).

Figure 2 illustrates the adjusted risk of BC-specific and
all-cause mortality (HR) in BC cases (A and B) as well as
all-cause mortality in cancer-free controls (C), across all
25(0OH)D concentrations (Model 2). The highest HRs were
observed at concentrations below 50 nmol/L when com-
pared to the reference value (62.5 nmol/L) with respect
to BC-specific mortality (A). For 25(OH)D concentration
above the reference value, the HR increased until it leveled
off at approximately 90 nmol/L. A similar pattern was also
observed for all-cause mortality among BC cases (B),
while among controls the HR for all-cause mortality was
stable over the continuous scale of 25(OH)D concentra-
tions (C).

We also present BC-specific mortality and all-cause
mortality (among BC cases) across all concentrations of
25(0OH)D (Model 2), stratified by tumor invasiveness
(Figure 3). For NMIBC (A and B), the highest risk was
observed at concentrations below 50 nmol/L, compared to
the reference value (62.5 nmol/L). For 25(OH)D concen-
trations above the reference value, the HR increased up to
90 nmol/L and thereafter decreased. For MIBC (C and D),
the mortality was rather stable across 25(OH)D
concentrations.

For BC cases, the spline models, which allow the risk
ratio of death (HRs) to vary across 25(OH)D concentra-
tions showed a better fit than the models assuming
a constant HR for the association between 25(OH)D
and BC-specific and all-cause mortality. For cancer-free
controls, the spline model did not show a better fit than the
linear model.

No associations between 25(OH)D levels and BC-
specific mortality was observed in analyses stratified by
smoking status, BMI and physical activity (Table 3). We
did not observe any relevant interactions for any of the
studied variables.

Discussion
In this prospective study, using serum samples collected at
least 5 years prior to the BC diagnosis, we found that 25(OH)
D deficiency (<50 nmol/L) was associated with BC-specific
mortality, when compared with insufficient levels (50-74
nmol/L). Stratification by tumor invasiveness revealed that
this result was evident for NMIBC cases only, and addition-
ally an association was found for all-cause mortality. In
a sub-analysis with cancer-free controls, no association
between 25(OH)D levels and all-cause mortality was found.
Meta-analyses investigating the association between 25
(OH)D and cancer mortality show that individuals with 25
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Table 1. Characteristics of Individuals Developing Bladder Cancer, by 25-Hydroxyvitamin D

Characteristics 25-Hydroxyvitamin D
Deficient Insufficient Optimal High Optimal
<50 nmol/L 50-74 nmol/L 75-99 nmol/L 2100 nmol/L

25-hydroxyvitamin D 42.8 62.5 85.7 114.4
(nmol/L), median (range) (17.3-49.9) (50.3-74.8) (75.5-99.9) (101.0-195.4)
Age at blood draw(mean, SD) 44.3 (5.9) 45.5 (8.1) 45.1 (7.1) 42 (6.9)
Age at diagnosis(mean, SD) 67.3 (9.1) 67.1 (9.7) 68.1 (10.0) 65.4 (9.3)
Tumor invasiveness

Non-muscle invasive 36 (59) 111 (6l) 68 (67) 23 (68)

Muscle invasive 25 (41) 70 (39) 34 (33) 11 (32)
Sex, n(%)

Male, 51 (84) 153 (85) 86 (84) 30 (88)

Female 10 (16) 28 (15) 16 (16) 4(12)
Year of blood draw

<1975 17 (23) 40 (22) 30 (29) 11 (32)

1975-1984 13 (21) 35 (19) 32 (31) 11 (32)

>1985 31 (51) 106 (59) 40 (39) 12 (35)
Smoking status, n (%)

Never smoker 8 (13) 38 (21) 20 (20) 8 (24)

Former smoker 9 (15) 39 (22) 25 (25) 7 (21)

Current smokers 44 (72) 104 (57) 57 (56) 19 (56)
Pack years, mean (SD) 20.3 (I11.1) 18.3 (9.8) 15.6 (8.8) 18.8 (7.2)
BMI (kg/m2), mean (SD) 252 (3.8) 249 (3.0) 24.6 (2.9) 245 (1.9)
BMI (kg/m2), n (%)

Normal (< 25) 31 (51) 97 (54) 60 (59) 20 (59)

Overweight (25-29) 24 (39) 73 (40) 37 (36) 14 (41)

Obese (= 30) 6 (10) 11 (6) 4(5) 0 (0)
Physical activity, n (%)

Sedentary 21 (34) 36 (20) 17 (17) 4 (12)

Moderately active 33 (54) 108 (60) 58 (57) 18 (53)

Active 7(11) 37 (20) 27 (26) 12 (35)
Education, n (%)

Compulsory 28 (46) 63 (35) 36 (35) 10 (29)

Upper secondary 26 (43) 93 (51) 48 (47) 19 (56)

College/University 7(12) 25 (14) 18 (18) 5 (15)

Abbreviations: SD, standard deviation; BMI, body mass index.

(OH)D concentrations in the lower range are at increased
risk of cancer-specific mortality.'®'® However, a large
proportion of these studies are based on post-diagnostic
serum samples, and it cannot be ruled out that the cancer
disease or its consequences (including improved health
awareness and illness that consequently can result in chan-
ged sun exposure and diet) have influenced the 25(OH)D
levels to some degree.” To reduce this bias, our study was

based on prediagnostic 25(OH)D levels, taken at least 5
years prior to a cancer diagnosis.

Two previous studies have shown an inverse relation-
ship between sun exposure and BC-specific mortality,
suggesting a beneficial role of vitamin D in the develop-
ment of BC.*>*® To our knowledge, only one prospective
study, examining the association between serum 25(OH)D
and BC-specific mortality has been published.”® In
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Table 2. Hazard Ratio (HR) and 95% Confidence Interval (Cl) of Bladder Cancer (BC)-Specific and All-Cause Mortality Among BC
Cases, and All-Cause Mortality Among Cancer-Free Controls, by Levels of Season-Adjusted 25-Hydroxyvitamin D

25-Hydroxyvitamin D

Deficient Insufficient Optimal High Optimal
<50 nmol/L 50-74 nmol/L 75-99 nmol/L 2100 nmol/L
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% ClI)
Bladder cancer (BC) cases
BC-specific mortality
BC (n) 6l 181 102 34
Model | 1.67 (0.99-2.82) 1.00 1.23 (0.76-2.00) 1.76 (0.86-3.60)
Model 2 1.87 (1.10-3.20) 1.00 1.35 (0.82-2.21) 1.92 (0.93-4.00)
Non-Muscle Invasive BC (n) 36 1 68 23
Model 2* 2.84 (1.14-7.12) 1.00 1.73 (0.73-4.06) 0.84 (0.21-3.38)
Muscle Invasive BC (n) 25 70 34 I
Model 2° 1.47 (0.71-3.06) 1.00 0.98 (0.50-1.94) 2.93 (1.15-7.51)
All-cause mortality
BC (n) 6l 181 102 34
Model | 1.29 (0.86—1.94) 1.00 1.28 (0.91-1.81) 1.36 (0.80-2.30)
Model 2 1.36 (0.90-2.07) 1.00 1.37 (0.96—1.93) 1.47 (0.86-2.51)
Non-Muscle Invasive BC (n) 36 11 68 23
Model 2* 1.97 (1.06-3.65) 1.00 1.52 (0.91-2.56) 1.09 (0.51-2.31)
Muscle Invasive BC (n) 25 70 34 Il
Model 2* 1.08 (0.58-2.02) 1.00 0.99 (0.57-1.71) 2.21 (0.94-5.18)
Cancer-free controls
All-cause mortality
Controls (n) 68 143 115 52
Model 1* 1.10 (0.64-1.89) 1.00 1.37 (0.87-2.13) 1.25 (0.71-2.21)
Model 2* 0.99 (0.54-1.81) 1.00 1.36 (0.84-2.21) 1.16 (0.65-2.06)

Notes: Model |: Adjusted for age at index-day, sex, year of blood draw, batch number, tumor invasiveness. Model 2: Adjusted for age at index-day, sex, year of blood draw,
batch number, tumor invasiveness, smoking status, body mass index, physical activity, education. *Not adjusted for tumor invasiveness.

contrast to our finding of a slightly elevated BC-specific
mortality associated with 25(OH)D deficiency, they
observed no association. However, compared to the pre-
sent study, their study population was limited to male
smokers only, and information on tumor stage was not
included.

Our analysis indicated an increased risk of BC-specific
mortality for 25(OH)D levels below 50 nmol/L. In accor-
dance with our finding, a large prospective cohort study
from the United Kingdom reported increased cancer-
specific mortality for 25(OH)D concentrations <45 nmol/
L, when studying all cancer sites combined.”” A German

cohort study found increased risk of mortality for

concentrations below 30 nmol/L when compared with
higher concentrations.”® The 25(OH)D levels defined as
critical to increase the risk of cancer mortality vary
between studies, which is probably due to variations in
laboratory methods, but also because of huge individual
and environmental variations in 25(OH)D levels, including
seasonal variation, which makes it difficult to define abso-
lute critical levels of 25(0OH)D.*¢

Our analysis revealed a non-linear relationship between
25(0OH)D and BC-specific mortality with the highest risk
for low concentrations. In agreement with our findings,
most studies report a non-linear relationship between 25

(OH)D levels and cancer mortality, but with various
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Figure 2 Restricted cubic splines displaying hazard ratios of bladder cancer (BC)-specific mortality(A) and all-cause mortality among BC cases (B), and all-cause mortality,
among cancer-free controls (C), with 95% confidence intervals, according to 25-hydroxyvitamin D levels. The reference was set to 62.5 nmol/L. All exposure risk curves
were adjusted for age at index date, sex, year of blood draw, tumor invasiveness (expect cancer-free controls), batch number, smoking status, body mass index, physical
activity and education (Model 2). The hazard ratio is presented on a logarithmic y-axis.

shapes, including increased mortality up to a certain value,
but also a U- or a reversed J-shaped curve, where both low
and high concentrations increase the risk of mortality have
been reported.®”

Analyses stratified by invasiveness showed that the
association between 25(OH)D deficiency and BC-specific
mortality was restricted to NMIBC. Thus, indicate that 25
(OH)D levels does no longer provide a protective effect
when the cancer becomes more invasive. This is in accor-
dance with another study that observed an association
between 25(OH)D levels and survival only in low stage
non-small lung cancer and not in advanced non-small lung
cancer.*'*? A likely reason for observing an association in
the NMIBC group only might be the severity of the dis-
ease in MIBC patients. Thus, cancer inhibiting effects of
vitamin D may have a lower probability to impact the
outcome. Moreover, sufficient 25(OH)D concentrations

are among other things suggested to protect against inva-
sion and progression of the disease and might be more
protective at lower stages, preventing further development

""" Another possible explanation of only

of the disease.
observing an effect among NMIBC could be related to
treatment, as individuals receive different treatment,
dependent on tumor invasiveness.* In addition to surgery,
high-grade NMIBC is treated with intravesical Bacillus
Calmette-Guerin (BCG) immunotherapy.** Since vitamin
D metabolites are known for its immunomodulating fea-
tures, it is suggested that 25(OH)D is involved in mediat-
ing the response from BCG treatment. A study performed
in mice showed that combining vitamin D supplement
with BCG increased the response compared with BCG
treatment alone.** Thus, deficient 25(OH)D levels might
influence the response to BCG treatment, which again

leads to a lower mortality risk in NMIBC when compared
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Figure 3 Restricted cubic splines displaying hazard ratios of bladder cancer (BC)-specific mortality (A) and all-cause mortality (B) among non-muscle invasive BC, and BC-
specific mortality (C) and all-cause mortality (D) among muscle invasive BC, with 95% confidence intervals, according to 25-hydroxyvitamin D levels. The reference was set
to 62.5 nmol/L. All exposure risk curves were adjusted for age at index date, sex, year of blood-draw, batch number, smoking status, body mass index, physical activity and

education (Model 2). The hazard ratio is presented on a logarithmic y-axis.

to reference 25(OH)D levels. We also observed a tendency
of increased BC-specific mortality for higher concentra-
tions, which was solely visible in MIBC patients.

The 25(OH)D levels have also been inversely asso-
ciated with cardiovascular mortality and all-cause
mortality. In our analysis, 25(OH)D was primarily asso-
ciated with BC-specific mortality, and a tendency of
a similar trend was observed for all-cause mortality
among BC cases. However, among cancer-free controls,
we found no associations between all-cause mortality and
25(OH)D concentrations. Vitamin D deficiency is primar-
ily caused by insufficient sun exposure, poor diet or obe-
sity but are also associated with increasing age, and
smoking history, which in turn could influence BC
mortality.*> In the present study, such potential lifestyle-
related confounding factors (smoking, physical activity
and BMI) did not change the results materially. In

addition, stratified analyses did not reveal any effect mod-
ification of any of the included lifestyle variables.
However, potential residual and/or unmeasured confound-
ing from diet, and other conditions/diseases might persist.

Our study has several strengths. We only used serum
samples, for assessment of 25(OH)D, collected at least 5
years prior to the primary cancer diagnosis, reducing the
risk of BC to influence the 25(OH)D levels. Also, we
adjusted for potential confounding lifestyle factors, includ-
ing detailed information on smoking history. A major lim-
itation of our study is that we only had a single and pre-
diagnostic measurement of serum 25(OH)D, which does
not necessarily represent the individual’s longitudinal vita-
min D status relevant to cancer progression. Moreover, we
do not have information about the intake of vitamin
D supplements, which might have changed the 25(OH)D
former studies have shown that

levels. However,
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Table 3. Hazard Ratio (HR) and 95% Confidence Interval (Cl) of Bladder Cancer-Specific Mortality by Season-Adjusted 25-
Hydroxyvitamin D Levels, Stratified by Smoking Status, Body Mass Index (BMI) and Physical Activity

25-Hydroxyvitamin D
Deficient Insufficient Optimal High Optimal p Interaction
<50 nmol/L 50-74 nmol/L 75-99 nmol/L =100 nmol/L
n HR (95% CI) n HR (95% Cl) | n HR (95% CI) n HR (95% CI)
Smoking status®
Never smoker 8 5.89 (0.77-44.9) | 38 1.00 20 | 0.21 (0.02-2.75) 8 0.31 (0.026-3.84)
Former smoker | 9 5.03 (0.94-26.9) | 39 1.00 25 | 2.49 (0.72-8.61) 7 1.72 (0.27-10.9)
Current smoker | 44 | 1.65(0.84-3.23) | 104 | 1.00 57 | 1.32 (0.66-2.66) 19 | 1.61 (0.54-4.76) 0.846
BMI®
<25 kg/m? 31 1.92 (0.90-4.11) | 97 1.00 60 | 1.63 (0.83-3.19) 20 | 1.56 (0.53-4.56)
225 kg/m? 30 | 1.97 (0.82-4.77) | 84 1.00 42 | 1.08 (0.45-2.60) 14 | 2.16 (0.64-7.28) 0.888
Physical activity®
Sedentary 2] | 0.84 (0.14-4.85) | 36 1.00 17 | 0.18 (0.017-2.00) | 4 0.30 (0.017-5.45)
Active 40 | 1.88(0.98-3.62) | 145 | 1.00 85 | 1.33 (0.78-2.27) 30 | 1.91 (0.84-4.35) 0.788

Notes: *Adjusted for age at index-day, sex, year of blood draw, batch number, tumor invasiveness, body mass index, physical activity, education. bAdjusted for age at index-
day, sex, year of blood draw, batch number, tumor invasiveness, smoking status, physical activity, education. “Adjusted for age at index-day, sex, year of blood draw, batch

number, tumor invasiveness, body mass index, smoking status, education.

circulating 25(OH)D measured several years apart were
well correlated.*®*” Tt is also a weakness that we did not
have information about treatment and other comorbidities,
which is of importance when evaluating cancer-specific
mortality. However, treatment of BC is standardized in
Norway, according to invasiveness and has been relatively
unchanged over the last decades.**

Conclusion

25(OH)D deficiency (<50 nmol/L) at least 5 years prior to
a BC diagnosis was associated with increased risk of BC-
specific mortality, when compared to insufficient levels
(50-74 nmol/L). The results were only evident among
NMIBC patients, suggesting a more critical role of vitamin
D in an early stage of the disease.

Abbreviations

25(OH)D, 25-hydroxyvitamin D; 1,250H,D, 1-25-
dihydroxyvitamin D; BC, urothelial bladder cancer; BMI,
body mass index; CRN, Cancer Registry of Norway; HR,
interval; SD, standard

hazard ratio; CI, confidence

deviation.
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