
Contents lists available at ScienceDirect

Journal of Steroid Biochemistry and Molecular Biology

journal homepage: www.elsevier.com/locate/jsbmb

Full Length Article

Vitamin D deficiency is associated with poor breast cancer prognostic
features in postmenopausal women

Benedito de Sousa Almeida-Filho, Heloisa De Luca Vespoli, Eduardo Carvalho Pessoa,
Murilo Machado, Jorge Nahas-Neto, Eliana Aguiar Petri Nahas⁎

Department of Gynecology and Obstetrics, Botucatu Medical School, Sao Paulo State University—UNESP, Sao Paulo, Brazil

A R T I C L E I N F O

Keywords:
Postmenopausal women
Vitamin D
Breast cancer
Immunohistochemical profile

A B S T R A C T

This study aimed to evaluate the association between pretreatment vitamin D (VD) deficiency with breast cancer
prognostic features in Brazilian postmenopausal women. An analytical cross sectional study was conducted with
192 women, aged 45–75 years, attended at University Hospital. Women with recent diagnosis of breast cancer,
in amenorrhea> 12 months and age ≥45 years, without medication use or clinical conditions that interfere
with VD values were included. Clinical and anthropometric data were collected. Serum level of 25 hydro-
xyvitamin D [25(OH)D] was measured in all patients until 20 days after breast cancer diagnosis, and was
classified as normal (≥30 ng/mL), insufficiency (20–29 ng/mL) and deficiency (< 20 ng/mL). Data on breast
cancer (histopathological type, grade, tumor stage, lymph node status), hormone status (estrogen receptor, ER,
progesterone receptor, PR), human epidermal growth factor receptor type 2 (HER2) and epithelial proliferative
activity (Ki-67) were collected. For statistical analysis, the t-student test, the Gamma Distribution (asymmetric
variables), the chi-square test and the logistic regression (OR-odds ratio) were used. The median 25(OH)D level
was 25.8 ng/mL (range 12.0–59.2 ng/mL). Sufficient vitamin D levels were detected in 65 patients (33.9%),
whereas insufficient levels in 92 patients (47.9%), and deficient levels in 35 patients (18.2%). Participants with
insufficient and deficient 25(OH)D levels had a higher proportion of tumors with a high grade and locally
advanced and metastatic disease, more positive lymph node, a lower proportion of ER, PR positives tumors and
higher Ki-67(p < 0.05). Patients with normal vitamin D had a higher frequency of luminal A (47.7%) and
luminal B (32.2%) tumors when compared to patients with vitamin D insufficiency or deficiency. Furthermore,
all cases of triple negative were detected in women with low VD levels. Multivariate analysis, after adjusting for
age, time since menopause and BMI, showed that insufficient and deficient level of vitamin D were significantly
associated with negative estrogen receptor (OR 3.77 CI 95% 1.76–8.09 and OR 3.99 CI 95% 1.83–8.68), high Ki-
67 (OR 2.50, CI 95% 1.35–4.63, and OR 2.62, CI 95% 1.40–4.98), and positive axillary lymph node status (OR
1.59, CI 95% 1.03–2.33, and OR 1.58, CI 95% 1.02–2.92) respectively. In Brazilian postmenopausal women with
breast cancer, there was an association between vitamin D insufficiency or deficiency and tumors with worse
prognostic features. Low vitamin D levels were shown to be a risk factor for ER negative tumors, with positive
axilla and a higher rate of cell proliferation.

1. Introduction

Breast cancer is the type of cancer that mostly affects women in the
world, both in developing and developed countries. It is also the leading
cause of death by cancer in women worldwide, with an estimated
520,000 deaths annually [1]. In Brazil, the National Cancer Institute
(INCA) estimates 57,960 new cases of breast cancer to be diagnosed in

2017, accounting for an estimated risk of 56.20 cases per 100,000
women [2]. The prognosis of breast cancer patients is directly related to
the disease stage at the time of diagnosis and may be inferred by factors
and biomarkers that can provide information on the biological potential
and most likely clinical course irrespective of treatment [3]. For that
reason, breast cancer is currently acknowledged as a heterogeneous
disease, comprising a wide spectrum of morphologically different
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subtypes and resulting in distinct biological behaviors, presentations
and prognoses [4].

Standard clinicopathological factors such as patient age, meno-
pausal status, tumor size, tumor histology and grade,lymph node status
and tumor stage continue to be useful in estimating prognosis [4]. As-
sessment of biological and molecular patterns has also been considered
an important tool not only for prognosis, but also for deciding which
treatment modality is best for each individual patient [5]. Estrogen
receptor (ER), progesterone receptor (PR), human epidermal growth
factor receptor type 2 (HER2) and Ki-67, an index of tumor proliferative
rate, are currently detected by immunohistochemistry (IHC) technique
and used to estimate prognosis and to categorize breast cancer into
intrinsic molecular subtypes that exhibit similar morphological and
prognostic features (luminal A, luminal B, HER2-overexpressing, and
triple negative cancers) [4].

In addition, a number of other breast cancer-related etiological and
prognostic factors have been identified as its molecular pathogenesis is
still not clear. It has been recently reported that vitamin D and its re-
ceptor could play an important role in breast cancer pathogenesis [6,7].
Vitamin D acts by binding to the vitamin D receptor (VDR), which is
expressed in the breast tissue. The VDR controls the expression of genes
that regulate cell proliferation, differentiation, and apoptosis [8,9].
Evidence from several trials supports that low levels of 25 hydro-
xyvitamin D [25(OH)D] are associated with an increased risk of breast
cancer [10–14]. However, some prospective studies have not shown
any association [15–19]. Circulating 25(OH)D is considered the best
marker of vitamin D status because it reflects the vitamin D obtained
from both diet/supplements and sun exposure and has a longer half-life
when compared to 1,25-dihydroxyvitamin D3 [1,25(OH)2D] [20].

Researchers have demonstrated that vitamin D, as activated 1,25-
(OH)2D, influences events at the cellular level that are potentially im-
portant not only for the pathogenesis of breast cancer, but also for its
prognosis and survival [21–23]. In fact, studies have been focusing in
addressing this possible relation of vitamin D levels and breast cancer
with worse prognosis [23]. An understanding of the prognostic sig-
nificance of vitamin D in patients with breast cancer may identify a
high-risk patient subgroup. Therefore, in our study, we aimed at ana-
lyzing the association between pretreatment vitamin D deficiency and
the prognostic features of breast cancer and at evaluating the re-
lationship between vitamin D deficiency and the current molecular
subtypes of breast cancer in Brazilian postmenopausal women.

2. Methods

2.1. Study design and sample selection

This is a cross sectional study. The population group comprised 192
Brazilian postmenopausal women recently diagnosed with breast
cancer, aged 45 to 75 years, who attended the Breast Disease
Assessment Center of the University Hospital in Southeastern Brazil
during 2015–2016. Women with the following features were included:
histological diagnosis of breast cancer, last menstruation dating at least
12 months prior to presentation, and aging 45 years or older. Exclusion
criteria were: pharmacological use of any doses of VD; in situ breast
carcinoma; personal history of other cancers; renal failure (creati-
nine > 1.4 mg/dL); liver diseases; abusive alcohol consumption and
grade III obesity. This study was performed in compliance with the
Helsinki Declaration. Informed consent was obtained from all partici-
pants and the study was approved by the Research Ethics Committee of
the Botucatu Medical School, Sao Paulo State University (UNESP).

All participants underwent individual interviews in which the fol-
lowing data were collected: age, menopausal age, time since meno-
pause, parity, age of first gestation, duration of breastfeeding, current
smoking, prior use of hormone therapy, history of chronic diseases,
family history of breast cancer and use of medications. Smokers were
defined as patients who reported smoking, regardless of the number of

cigarettes smoked. Anthropometric data included weight, height, and
body mass index (BMI; weight/height2). BMI were classified according
to the system used by the World Health Organization in 2002: less than
24.9 kg/m2 as normal, from 25 to 29.9 kg/m2 asoverweight, from 30 to
34.9 kg/m2 as grade I obesity, from 35 to 39.9 kg/m2 as grade II
obesity, and 40 kg/m2 or greater as grade III obesity [24].

2.2. Vitamin D assessment

Serum VD assessment was collected immediately after diagnosis of
breast cancer and prior to any proposed treatment, up to 20 days post-
diagnosis. For serum 25(OH)D dosage, the 25-OH Vitamin D assay kit
by the Architect® i2000 analyzer (Abbott®, Santa Clara, California, USA)
was used, which performs chemiluminescent microparticle im-
munoassay (CMIA). The detection limit was 1.9 ng/mL and the intra-
and inter-assay coefficient of variation was<10%, as described in the
assay kit. Serum 25(OH)D levels were classified as normal (≥30 ng/
mL), insufficiency (20–29 ng/mL) and deficiency (< 20 ng/mL) [20].
All laboratory tests were processed by the Clinical Analysis Laboratory
of the Botucatu Medical School.

2.3. Tumor features

Breast cancer tumors were classified according to established
prognostic features: tumor size, type and histological staging, grade,
axillary lymph node status, hormone receptor status and epithelial
proliferative activity. The tumor diameter was obtained from histo-
pathological reports and histologically graded as grade 1 (well differ-
entiated), grade 2 (moderately differentiated), and grade 3 (un-
differentiated) according to the method proposed by Elston and Ellis,
which uses architectural aspects, nuclear differentiation levels, and
mitotic index as criteria [25]. The axillary lymph node status was
classified as positive if at least one lymph node were identified as
having breast cancer metastasis based on histopathological examina-
tion. Tumors were classified according to 7th edition of the American
Joint Committee on Cancer (AJCC) TNM (Tumor,lymph Node, Metas-
tasis) system [26], grouped into stages (I–IV) and categorized according
to the National Comprehensive Cancer Network (NCCN) classification,
which further divides breast cancer staging into three categories based
on management options: 1- localized invasive breast cancer (stage I, II
and T3 N1 M0, the latter considered to be an operable locally advanced
breast cancer), 2- inoperable locally advanced invasive breast cancer
(stage III, except T3 N1 M0), and 3- metastatic disease (stage IV) [26].

The hormone receptor status and epithelial proliferative activity
were assessed by standard methods, using immunohistochemistry for
estrogen receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2) and cell proliferation index (Ki-67)
status. Breast cancer was then categorized into four molecular subtypes
based on surrogate immunohistochemical profiles: luminal A (ER+
and/or PR+, HER2-, Ki–67 < 14%); luminal B (ER+ and/or PR+,
HER2-/+, Ki–67 ≥ 14%), non-luminal HER2 (ER-, PR- and HER2 + ),
and triple negative (ER-, PR- and HER2-) [4]. Immunohistochemistry
(IHC) with antibodies for ER, PR, HER2, Ki-67 was performed according
to the streptavidin–biotin–peroxidase complex methods (DakoCytoma-
tion®, Glostrup, Denmark). ER and PR were considered positive if> 1%
of cells stained positive on IHC [27]. Ki-67 was considered high
if ≥ 14% of the tumor cells were labeled [5]. HER2 was considered
positive if IHC was 3+, or if the fluorescence in situ hybridization
(FISH), systematically performed in all IHC 2+ tumors, showed HER2
genomic amplification [28]. All histopathological and im-
munohistochemical analyses were performed by the Department of
Pathology of Botucatu Medical School. Histologic grade, ER status and
molecular subtypes defined by ER, PR, HER2 and Ki-67 were used as
independent prognostic features of breast cancer.
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2.4. Statistical analysis

The sample size estimation was based on the study by Kermani et al.
[29] who found a difference in the HER2+ between women with and
without vitamin deficiency (12 and 2 cases, respectively). Considering the
difference between the values and correcting the estimate for type I (5%)
and type II (20%) errors attributed to the study, the estimated sample size
was at least 153 women with breast cancer. From the data, tables were
constructed based on VD serum values (normal≥ 30 ng/mL, in-
sufficiency 20–29 ng/mL, and deficiency<20 ng/mL). For data analysis,
means (± standard deviations) were calculated for quantitative vari-
ables, and percentages were calculated for qualitative variables. For
comparison between the groups in relation to quantitative features, Stu-
dent’s t-test and gamma distribution (asymmetric) were used. Chi-Square
test was used to assess the association between the frequencies of cate-
gorical features. Multivariate analysis was performed by binary logistic
regression, considering a 95% confidence interval (CI), with a respective
odds ratio (OR), to examine the association between serum vitamin D
(dependent variable or response) and the breast cancer prognostic fea-
tures (independent or explanatory variables), adjusted for age, time since
menopause and BMI (confounding variables). A level of significance of
5% or the corresponding P value was adopted in all tests. The analyses
were performed using the Statistical Analysis System (SAS) 9.2 Software.

3. Results

3.1. Sample description

One hundred and ninety two postmenopausal women with a mean
age at diagnosis of 61.3 ± 9.6 years old were enrolled in the study.
Serum samples were drawn up to 20 after diagnosis, and the mean
25(OH)D level was 25.8 ng/mL (ranging from 12.0 to 59.2 ng/mL).
Patients were classified based on serum 25 (OH) D concentrations into
three groups: normal or sufficient (≥30 ng/mL), insufficiency
(20–29 ng/mL), and deficiency (< 20 ng/mL). Sufficient vitamin D le-
vels were detected in 65 patients (33.9%), whereas insufficient levels in
92 patients (47.9%), and deficient levels in 35 patients (18.2%).
Clinical features according to serum 25-hydroxy vitamin D level are
shown in Table 1. No differences in age, time of menopause, parity,
BMI, smoking, hormone replacement therapy use and history of hy-
pertension or diabetes were observed.

3.2. Associations of vitamin D levels with tumor features

The associations of vitamin D levels with tumor features are shown
in Table 2. When comparing vitamin D and clinicopathological

Table 1
Comparison of clinical features based on serum of 25-hydroxyvitamin D level, normal (≥30 ng/mL), insufficiency (20–30 ng/mL) and deficiency (< 20 ng/mL).

Variables Normal (n = 65) Insufficiency (n = 92) Deficiency (n = 35) P value

Age (years), mean ± SD 60.7 ± 9.6a 61.2 ± 9.2a 61.9 ± 10.3a 0.711
Age of menarche (years), mean ± SD 13.1 ± 1.6a 12.8 ± 1.6a 12.8 ± 1.2a 0.530
Age at menopause (years), mean ± SD 48.4 ± 3.8a 48.8 ± 3.5a 48.1 ± 3.1a 0.614
Time of menopause (years), mean ± SD 12.3 ± 10.3a 12.5 ± 9.1a 13.3 ± 10.5a 0.659§

Parity (no. of children), mean ± SD 2.9 ± 2.2a 2.7 ± 1.9a 2.8 ± 1.9a 0.850§

First pregnancy age (years), mean ± SD 22.3 ± 4.9a 22.8 ± 5.6a 22.2 ± 4.1a 0.713
Breast-feeding (months), mean ± SD 29.1 ± 34.4a 28.4 ± 36.4a 30.7 ± 39.4a 0.343§

BMI (kg/m2), mean ± SD 31.0 ± 5.1a 31.0 ± 5.5a 30.0 ± 3.9a 0.578
25(OH)D (ng/mL), mean ± SD 35.0 ± 6.0a 24.8 ± 2.8b 17.1 ± 2.5c < 0.0001
Family history of BC, n (%) 10 (15.4) 18 (19.6) 7 (20.0) 0.634#

Smoking, n (%) 11 (16.9) 14 (15.2) 6 (17.1) 0.809#

HT use, n (%) 10 (15.4) 8 (8.7) 4 (11.4) 0.305#

Hypertension, n (%) 30 (46.2) 52 (56.5) 18 (51.4) 0.438#

Diabetes, n (%) 9 (13.9) 20 (21.7) 8 (22.8) 0.295#

25(OH)D, 25-hydroxy vitamin D; BMI, body mass index; BC, breast cancer; HT, hormone therapy.
p-value (a,b) show significant differences between groups and (a,a) without difference (p > 0.05) (ANOVA, Gamma distribution§ or Chi-square Test#).

Table 2
Comparison of clinicopathological variables based on serum of 25-hydroxyvitamin D
level, normal (≥30 ng/mL), insufficiency (20–30 ng/mL) and deficiency (< 20 ng/mL).

Variables Normal
(n = 65)

Insufficiency
(n = 92)

Deficiency
(n = 35)

P value

Tumor size (cm), n
(%)

0.693

≤2 19 (29.2) 25 (27.2) 13 (37.1)
2–5 40 (61.6) 57 (62.0) 17 (48.6)
≥5 6 (9.2) 10 (10.9) 5 (14.3)

Histology of BC, n
(%)

0.382

Ductal 62 (95.4) 88 (95.7) 34 (97.1)
Lobular 3 (4.6) 4 (4.3) 1 (2.9)

Grade, n (%) 0.017
Low 9 (13.8) 6 (6.5) 1 (2.8)
Intermediate 38 (58.5) 47 (51.1) 13 (37.1)
High 18 (27.7) 39 (42.4) 21 (60.1)

Tumor NCCN
staging, n (%)

0.047

Localized disease 50(76.9) 58 (63.0) 20 (57.1)
Inoperable locally

advanced
disease

12 (18.5) 20 (21.7) 10 (28.6)

Metastatic disease 3 (4.6) 14 (15.3) 5 (14.3)
LN status, n (%) 0.0042
negative 39 (60.0) 31 (33.7) 14 (40.0)
positive 26 (40.0) 61 (66.3) 21 (60.0)

Estrogen Receptor,
n (%)

0.0001

Positive 61 (93.8) 77 (83.4) 21 (60.0)
Negative 4 (6.2) 15 (16.6) 14 (40.0)

Progesterone
Receptor, n (%)

0.047

Positive 52 (80.0) 63 (68.5) 20 (57.1)
Negative 13 (20.0) 29 (31.5) 15 (42.9)

HER2, n (%) 0.905
Positive 13 (20.0) 19 (20.6) 6 (17.1)
Negative 52 (80.0) 73 (79.4) 29 (82.9)

Ki-67, n (%) 0.0006
<14% 32 (49.2) 25 (27.2) 5 (14.3)
≥14% 33 (50.8) 67 (72.8) 30 (85.7)

Intrinsic subtype, n
(%)

< 0.0001

Luminal A 31 (47.7) 22 (23.9) 2 (5.7)
Luminal B 21 (32.3) 45 (48.9) 14 (40.0)
non-luminal
HER2

13 (20.0) 19 (20.6) 6 (17.1)

Triple negative 0 (0.0) 6 (6.6) 13 (37.2)

BC, breast cancer; NCCN, National Comprehensive Cancer Network; LN, lymph
node;HER2, human epidermal growth factor receptor type 2.
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parameters, we observed that low vitamin D level was significantly
detected mainly in cases with poor prognosis. Participants with in-
sufficient and deficient 25(OH)D levels had a higher proportion of tu-
mors with high grade, locally advanced and metastatic disease, more
positive lymph nodes, a lower proportion of ER, PR-positive tumors and
higher Ki-67 indices. There was a significant association between vi-
tamin D concentration and intrinsic subtypes. Patients with normal
vitamin D had a higher frequency of luminal A (47.7%) and luminal B
(32.2%) tumors when compared to patients with vitamin D in-
sufficiency or deficiency. Furthermore, all cases of triple negative were
detected in women with low vitamin D levels. There were no significant
associations between vitamin D concentration and tumor size, histology
of breast cancer and HER2 status (Table 2).

3.3. Multivariate analysis of variables according to deficient of 25(OH) D
levels

Multivariate analysis, after adjusting for age, time since menopause
and BMI, showed that insufficient and deficient level of vitamin D were
associated with negative estrogen receptor (OR 3.77 CI 95% 1.76–8.09,
p = 0.0007 and OR 3.99 CI 95% 1.83–8.68, p = 0.0005, respectively),
high Ki-67 (OR 2.50, CI 95% 1.35–4.63, p = 0.003 and OR 2.62, CI
95% 1.40–4.98, p = 0.003, respectively), and positive axillary lymph
node status (OR 1.59, CI 95% 1.03–2.33, p = 0.048 and OR 1.58, CI
95% 1.02–2.92, p = 0.042, respectively) (Table 3). Other clin-
icopathological variables did not show significance.

4. Discussion

In this study, we evaluated the long-standing interest in studying the
relationship and potential impact of vitamin D level in patients with
newly diagnosed breast cancer. We specifically studied postmenopausal
women as they comprise an important risk group for breast cancer and
hypovitaminosis D. Partly because numerous trials have been in-
vestigating the association between circulating vitamin D levels and
breast cancer risk, but few have been designed to assess a possible re-
lation of vitamin D with the prognostic features in breast cancer or with
regard to the recent different molecular subtypes [30–34].

Vitamin D deficiency is a common medical condition worldwide
[35]. Previous studies conducted in 18 countries located at different
latitudes have shown that this is a phenomenon that also occurs in
sunny regions [36], even in Brazil [37]. Consistent with previous trials
[12–14,22], which report 50–74% vitamin D deficiency in newly di-
agnosed breast cancer patients, our study demonstrated that 66.2% of
patients with breast cancer had a deficient level of vitamin D. This fact
may have more impact when analyzed by clinicopathological para-
meters in our study, considering that compared to the patients with
normal level of vitamin D, those with a deficient level of vitamin D at

diagnosis had a greater risk of breast cancer with grade 3 disease,
higher rate of positive lymph node status, locally advanced and meta-
static disease and ultimately a worse prognosis. This is in accordance
with literature data showing that locally advanced breast cancer pa-
tients have more severe vitamin D deficiency than those with early
stage disease [30,34]. Thanasitthichai et al. [33] conducted a cross-
sectional analysis of vitamin D levels and clinicopathological features in
200 cases of breast cancer. Low vitamin D level (< 32 ng/mL) was
significantly found in the majority of cases with advanced stage disease,
positive lymph node involvement and large tumors [33]. Hatse et al.
[38] correlated serum 25(OH)D levels with tumor features and clinical
disease outcome in 1800 early breast cancer patients. Lower 25(OH)D
serum levels significantly correlated with larger tumor size at diagnosis
but not with lymph node invasion, receptor status, or tumor grade. High
serum 25(OH)D (> 30 ng/mL) at diagnosis significantly correlated
with improved overall survival and disease-specific survival. However,
when considering menopausal status, serum 25(OH)D had a strong
impact on breast cancer-specific outcome in postmenopausal patients,
whereas no association could be demonstrated in premenopausal pa-
tients [38]. In view of the increasing number of cancer survivors and
the high prevalence of vitamin D deficiency among patients with
cancer, an evaluation of the role of circulating 25-OHD in prognosis
among these patients is essential [39].

It suggests that lower serum vitamin D levels might have some
contribution in the progression from early-stage to advanced disease as
a result of altered gene transcription, supporting the hypothesis that
vitamin D deficient has a role in the pathogenesis and progression of
breast cancer [6]. Vitamin D appears to exert antiproliferative effect on
breast cancer, mediated by the regulation of the expression of mole-
cules that control the progression of the cell cycle [40]. Malignant cells
have decreased intracellular levels of 1α-hydroxylase (the activating
enzyme encoded by CYP27B1) compared to normal cells, which in-
creases intracellular vitamin D production [33]. Furthermore, some
studies have demonstrated a reduction in vitamin receptor (VDR) ex-
pression in breast cancer cells compared to normal breast cells, by VDR
gene polymorphisms [41,42]. During malignant transformation of the
breast, tumor cells lose the ability to synthesize the active form of vi-
tamin D and to respond to the effects of vitamin D mediated by VDR
[41]. In breast cancer, the expression of VDR varies from 58% to 80%,
with reports of patients with VDR-positive tumors showing a higher
disease-free survival rate [7].

In our study, a lesser proportion of ER and PR-positive tumors and a
higher Ki-67 were observed in patients with deficient vitamin D levels
and, interestingly, all patients with biologically aggressive triple-ne-
gative tumor phenotype were vitamin D deficient. In regard to prog-
nostic biomarkers and their relation with vitamin D level, similar re-
sults have been observed [43,44]. Estrogen receptor (ER) and
progesterone receptor (PR) have long been accepted as playing a central
role in the pathobiology and treatment of breast cancer by predicting an
indolent and slowly growing tumor with longer time to disease recur-
rence [45]. Robien et al. [43] showed a strong relation between post-
menopausal women with low vitamin D intake and a higher risk of
negative estrogen and progesterone receptor breast cancers [43].
Shirazi et al. [44] investigated the potential association between pre-
diagnostic serum 25(OH)D levels and the risk of different subtypes of
breast cancer. The study was based on The Malmo Diet and Cancer
Study recruiting 17,035 women from 1991 to 1996. A total of 764 in-
cident breast cancers with matched controls were analyzed for 25(OH)
D in samples collected at baseline, before diagnosis. As compared to the
firsttertile of 25OHD3, the second tertile had a significantly lower risk
of ER and PR-negative tumors and with a high expression of Ki-67.
However, the third tertile had a similar risk as the first one [44].

The relationship of vitamin D with breast cancer risk may be sub-
type-specific, with emerging evidence of stronger effects of vitamin D in
more aggressive breast cancers [46]. An aggressive subtype of breast
cancer is the triple negative breast cancer, which lacks expression of ER

Table 3
Multivariate-adjusted stratified analyses of clinicopathological variables according to
serum of 25-hydroxy vitamin D levels.

Variables OR (CI 95%)a P-value OR (CI 95%)b P-value

ER negative 3.77 (1.76–8.09) 0.0007 3.99 (1.83–8.68) 0.0005
Ki–67 ≥ 14% 2.50 (1.35–4.63) 0.003 2.62 (1.40–4.98) 0.003
Lymph node positive 1.59 (1.03–2.33) 0.048 1.58 (1.02–2.92) 0.042

Note: Only statistically significant results are present. Other variables did not show sig-
nificance.
OR, Odds Ratio; CI, confidence interval; ER, estrogen receptor.
Significantly different if p < 0.05 (Logistic regression).

a OR (CI 95%) for vitamin D values< 30 ng/mL, adjusted for age, time since meno-
pause and body mass index.

b OR (CI 95%) for vitamin D values< 20 ng/mL, adjusted for age, time since meno-
pause and body mass index.
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and PR, does not have amplification of HER2 and expresses a high
proliferation rate [5]. In our study, all cases of triple negative were
detected in vitamin D deficient women. In the current literature, some
studies have shown that while vitamin D deficiency is common in all
breast cancer patient populations, it is particularly prevalent in those
with these triple negative tumors [47]. Park et al. [48], in a large
case–control study, compared serum 25(OH)D between breast cancer
patients and general population. The adjusted odds ratio (OR) for breast
cancer comparing women with deficient level of serum 25(OH)D to
women with sufficient level of serum 25(OH)D was 1.27 (1.15–1.39).
The association remained significant in both positive and negative
hormone receptor (HR) status of the tumor. However, this association
was more pronounced in HR-negative breast cancer, particularly with
triple-negative breast cancer patients (1.45, 95% CI1.15–1.82) [48].
Since studies have demonstrated a high prevalence of vitamin D defi-
ciency in women with basal-like breast cancer, correction of vitamin D
deficiency in these women represents a reasonable, but yet untested,
strategy to delay recurrence and extend survival [47].

As a strength of our study, the serum vitamin D was measured im-
mediately after diagnosis of breast cancer and prior to any proposed
treatment. In fact, some studies that have found an association between
reduced values of 25(OH)D and a higher incidence of breast cancer
performed the dosage of 25(OH)D during or after treatment, with a long
interval from the diagnosis [10,11], which could have potential mod-
ifications from the cancer treatment. For instance, women with a lower
physical activity rate have lower values of 25(OH)D, and it is well es-
tablished that physical activity is consistently decreased for years fol-
lowing a breast cancer diagnosis [49]. Vrieling et al. [13], in a pro-
spective cohort study, assessed the effect of post-diagnosis serum
25(OH)D on overall survival and distant disease-free survival in 1295
incident postmenopausal breast cancer patients (50–74 years), with a
mean follow-up of 5.8 years. The association with overall survival was
found to be significant only for 25(OH)D levels of blood samples col-
lected before initiating chemotherapy, but not for those collected after
chemotherapy had been administered [13]. A meta-analysis, which
correlated serum 25(OH)D with breast cancer risk, confirmed an in-
verse correlation in case-control studies that collected25(OH)D im-
mediately after breast cancer diagnosis, but not in prospective studies
when 25(OH)D measurement was performed years before diagnosis
[50].

Due to the nature of our data, our results do not allow for definite
causal conclusions, i.e., whether low 25(OH)D levels cause worse
prognostic features in breast cancer. As breast cancer is a disease that
develops over several years, a major assumption for a causal relation-
ship between 25OHD levels and breast cancer is that 25OHD levels, in
the individual subject, are at a steady level for a longer period of time.
Thus, a limitation of our study is that only a single measurement of
vitamin D at diagnosis was used, which might not necessarily represent
vitamin D levels at the time of cancer initiation. However, in a study,
the correlation coefficient for measurement of 25(OH)D concentrations
in serum samples collected in 1994 and 2008 ranged from 0.42 to 0.52
[30], suggesting a reasonable stability of endogenous vitamin D status.
However, more studies are needed on whether a single measurement of
serum 25OHD level is a sensitive indicator of an individual long-term
vitamin D status.

In conclusion, in Brazilian postmenopausal women with breast
cancer, there was an association between vitamin D insufficiency or
deficiency and tumors with worse prognostic features. Low vitamin D
levels were shown to be a risk factor for estrogen receptor-negative
tumors, positive axillary lymph node status and a higher rate of cell
proliferation.
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