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Abstract: Introduction: Breast cancer remains the most common malignancy and a leading
cause of cancer-related mortality among women worldwide, including in Indonesia. Vitamin D
deficiency is frequently observed among breast cancer patients. Recent evidence has revealed
the potential role of vitamin D in regulating tumor cell proliferation, differentiation, and apop-
tosis. Moreover, vitamin D deficiency has been associated with increased cancer risk and poor-
er clinical outcomes in breast cancer. This study aims to determine the frequency and prognos-
tic significance of vitamin D deficiency in Indonesian women with breast cancer.

Methods: A prospective study was conducted involving 123 women diagnosed with primary,
nonmetastatic invasive breast cancer. Serum 25(OH)D levels were measured at diagnosis, prior
to any treatment, using the Chemiluminescent Microparticle Immunoassay (CMIA) method.
Vitamin D deficiency was defined as serum levels below 20 ng/mL.

Results: The median serum vitamin D level was 19.9 ng/mL (range: 5.7-35.1). Vitamin D de-
ficiency was identified in 65 patients (52.8%). It was significantly associated with higher tu-
mor grade (p = 0.037), lymph node involvement (p = 0.012), larger tumor size (p = 0.041),
more advanced clinical stage (p = 0.049), and positive expression of estrogen receptor (ER) (p
= 0.034) and HER2 (p = 0.014). Kaplan—Meier analysis demonstrated that patients with vita-
min D deficiency had a significantly shorter time to breast cancer recurrence (20.11 £+ 0.91
months; p = 0.048). Multivariate Cox regression confirmed vitamin D deficiency as an inde-
pendent predictor of shorter time to breast cancer recurrence (HR: 3.19; 95% CI: 1.178-8.660;
p=0.023).

Discussion: These findings suggest that vitamin D deficiency may serve as a modifiable prog-
nostic biomarker in breast cancer. Its association with aggressive tumor characteristics and
shorter time to breast cancer recurrence highlight the potential value of assessing and correct-
ing vitamin D status as part of breast cancer management, especially in Indonesian population.
Conclusion: Vitamin D deficiency is common among Indonesian women with breast cancer
and independently associated with multiple poor prognostic indicators and shorter time to rec-
curence.
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1. INTRODUCTION

Breast cancer is the most frequently diagnosed malignan-
cy among women in Indonesia, accounting for approximate-
ly 19.2% of all cancer cases [1]. In 2022, the GLOBOCAN
report an estimated 66,271 new breast cancer cases were
diagnosed among Indonesian women [2]. The breast cancer
incidence has also shown a steady increase over the past two
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decades, particularly in urban areas [3,4]. In parallel, mor-
tality rates due to breast cancer have also risen, with more
than 22,000 deaths reported annually. It is consistent with
trends observed in many developing countries, including
South East Asian countries [4-6].

Although early detection and treatment have made signif-
icant progress in recent years, breast cancer continues to
pose a major public health burden in Indonesia. Most of this
burden stems from delays in diagnosis and limited access to
healthcare services. In addition, cultural norms and physio-
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logical barriers among patients also play a role in late-stage
diagnosis, ultimately making treatment more difficult to
achieve [7-9].

Prognostic factors play an important role in guiding clin-
ical decisions and improving treatment outcomes in breast
cancer patients. Accurate identification of these factors may
help clinicians to assess risk and develop individualized
treatment plans. The most commonly recognized prognostic
indicators include tumor size [10], histological grade [11],
and molecular receptor status, such as estrogen receptor
(ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2) [12,13]. In addition, socio-
demographic variables such as age, comorbidities, and fami-
ly history have also been shown to influence prognosis [14].

Recent studies have increasingly focused on identifying
modifiable prognostic biomarkers, especially those related to
lifestyle and nutrition. Among these, vitamin D has received
growing attention due to its potential role in tumor biology.
Vitamin D is a fat-soluble secosteroid hormone, obtained
mainly through skin synthesis following ultraviolet B (UVB)
exposure. Notably, vitamin D can also be obtained from
dietary sources such as fatty fish, fortified dairy products,
egg yolks, and supplements [15-17]. In its active form, 1,25-
dihydroxyvitamin D (1,25(OH)D), can bind to vitamin D
receptors (VDR) in target cells. Through these receptors,
vitamin D influences several essential cellular processes,
including proliferation, differentiation, apoptosis, angiogene-
sis, and immune modulation, thereby exerting both anti-
cancer and anti-inflammatory effects [18-20]. Adequate vit-
amin D status has been associated with lower risk of breast
cancer and improved clinical outcomes, highlighting its po-
tential importance as a modifiable biomarker [21-23].

Despite being a tropical country with abundant sunlight,
Indonesia has a high prevalence of vitamin D deficiency
among women. This paradox is influenced by multiple inter-
acting factors, including dietary patterns and sociocultural
practices. Dietary intake of vitamin D is generally low in
Indonesia. The Indonesian diet is dominated by rice and
plant-based food, with limited consumption of fatty fish,
fortified dairy products, and eggs [24-26]. Furthermore, sev-
eral sociocultural practices contribute to limited sunlight
exposure, including clothing style for religious or cultural
reasons, the widespread application of skin lightening prod-
ucts that block UVB absorption, and limited outdoor activi-
ties [27-29]. These combined factors significantly reduce
vitamin D skin synthesis and dietary intake, contributing to
low serum 25(OH)D levels among Indonesian women.

Although global evidence has demonstrated a potential
link between vitamin D deficiency and poor breast cancer
prognosis, this relationship remains understudied in Indone-
sian populations. Therefore, this study aims to investigate the
prognostic significance of vitamin D status in Indonesian
women with breast cancer, particularly in relation to time to
breast cancer recurrence. The findings may provide valuable
insights into the role of vitamin D as a modifiable prognostic
factor and inform future clinical strategies to improve out-
comes in this population.
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2. MATERIAL AND METHODS

2.1. Study Design and Participants

This prospective cohort study was conducted at Dr. H.
Abdul Moeloek General Hospital (RSUDAM), Bandar Lam-
pung, Indonesia, between January 2022 and January 2025. A
total of 123 eligible participants were included in the study.
Participants were aged between 28 and 78 years, with most
of them being postmenopausal women. Eligible participants
were women diagnosed with primary, nonmetastatic invasive
breast cancer who underwent surgical treatment and had his-
topathological confirmation. Exclusion criteria included pa-
tients presenting with recurrence or metastasis at baseline,
pregnant or lactating women, and those with incomplete
medical records.

This study was approved by the Health Research Ethics
Committee of the Faculty of Medicine, University of Lam-
pung (Approval number: 2762/UN26.18/PP.05.02.00/2022),
and all participants provided written informed consent.

2.2. Outcome Measures

The primary outcome was time to breast cancer recur-
rence, calculated from the date of surgery to the date of re-
currence, death, or the end of the study period, whichever
occurred first. Recurrence was confirmed through clinical,
imaging, or pathological findings. The secondary outcome
was the association of vitamin D status with various clinico-
pathological prognostic indicators.

2.3. Data Collection

Sociodemographic data, including age and clinical pa-
rameters such as histological grade, stage, tumor size, and
hormone receptor status (ER, PR, HER2), were collected
from medical records. Tumor classification followed the
World Health Organization (WHO) criteria [30]. Tumor
staging was based on the TNM classification system of the
American Joint Committee on Cancer (AJCC), 7th edition
[31].

2.4. Vitamin D Measurement

Serum 25-hydroxyvitamin D (25(0OH)D) levels were
measured directly for this study, prior to surgery or initiation
of treatment, using the Chemiluminescent Microparticle Im-
munoassay (CMIA) method with the ARCHITECT i2000SR
analyzer at Prodia Clinical Laboratory, Jakarta. Vitamin D
levels were expressed in ng/mL. Deficiency was defined as
serum 25(OH)D < 20 ng/mL based on previously established
cut-offs [32].

2.5. Statistical Analysis

Continuous variables were expressed as mean + standard
deviation (SD) or median with range, depending on data dis-
tribution. Categorical variables were presented as frequen-
cies and percentages. The chi-square test was used to evalu-
ate associations between categorical variables. Survival
analysis was performed using the Kaplan—-Meier method, and
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differences between survival curves were assessed using the
log-rank test. A multivariate Cox proportional hazards re-
gression model was used to identify independent predictors
of tumor recurrence. A p-value < 0.05 was considered statis-
tically significant.

3. RESULTS
3.1. Patients Characteristics

A total of 123 patients were enrolled in the study. The
mean age of participants was 50.85 = 9.86 years, ranging
from 28 to 78 years. Most patients had no comorbidities
(71.5%). Among those with comorbidities (28.5%), the most
frequently observed conditions were hypertension and type 2
diabetes mellitus. A majority presented with grade 2 tumors
(62.6%), had no lymph node involvement (78.0%), tumor
sizes less than 5 cm (66.7%), and clinical stage II disease
(65.1%). Regarding hormone receptor status, 62.6% were ER
positive, 58.5% were PR positive, and 61.0% were HER2
negative. The median serum 25(OH)D level was 19.9 ng/mL
(range: 5.7-35.1 ng/mL), and vitamin D deficiency (<20
ng/mL) was observed in 52.8% of patients. The patient's
characteristics are presented in Table 1.

3.2. Association Between Vitamin D Status and Clinical
Characteristics

Vitamin D deficiency was significantly associated with
higher tumor grade (p = 0.037), lymph node positivity (p =
0.012), larger tumor size (p = 0.041), and more advanced
clinical stage (p = 0.049). Additionally, vitamin D deficiency
was significantly associated with positive ER expression (p =
0.034) and HER2 expression (p = 0.014). There was no sig-
nificant association with PR expression (p = 0.474) (Table
2).

3.3. Vitamin D Deficiency and Time to Breast Cancer
Recurrence

Using a cut-off point of <20 ng/mL to define vitamin D
deficiency, Kaplan—Meier survival analysis demonstrated
that patients with deficient levels had significantly shorter
time to breast cancer recurrence (mean = SE: 20.11 £ 0.91
months; p = 0.048) compared to those with sufficient vitamin
D levels (Fig. 1).

3.4. Multivariate Cox Regression Analysis

In the multivariate analysis, after adjusting for potential
confounders, vitamin D deficiency was found to be an inde-
pendent predictor of shorter time to breast cancer recurrence,
with a hazard ratio (HR) of 3.19 (95% CI: 1.178-8.660; p =
0.023).

4. DISCUSSION

This study found that vitamin D deficiency was highly
prevalent among Indonesian women diagnosed with nonmet-
astatic breast cancer. Vitamin D deficiency was also signifi-
cantly associated with several adverse clinicopathological
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Table 1. Demographic and clinicalcopathological characteristics
of patients (n=123).

Variable Value

Age (years), mean+SD 50.8549.86
Comorbidities -

No 88 (71.5%)
Yes 35 (28.5%)
Histological Grade -
Grade 1 5(4.1%)
Grade 2 77 (62.6%)
Grade 3 41 (33.3%)

Lymph Node Status -

Negative 96 (78.0%)
Positive 27 (22%)
Tumor Size -
<5cm 82 (66.7%)
>5cm 41 (33.3%)

Clinical Stage -

1 5 (4.1%)
2 80 (65.1%)
3 38 (30.8%)

Estrogen Receptor -

Negative 46 (37.4%)

Positive 77 (62.6%)

Progesterone Receptor -

Negative 51 (41.5%)

Positive 72 (58.5%)

HER?2 Expression -

Negative 75 (61.0%)

Positive 48 (39.0%)

Vitamin D Level (ng/mL) 19.9(5.7-35.1)

Deficiency 65 (52.8%)

No Deficiency 58 (47.2%)

features and shorter time to breast cancer recurrence. Nota-
bly, vitamin D deficiency remained an independent predictor
of recurrence-free survival after adjustment for confounding
variables, including age, tumor grade, size, nodal status, clin-
ical stage, and hormone receptor expression.

Consistent with our findings, several previous studies
have demonstrated a significant association between low
serum vitamin D levels and unfavorable tumor characteris-
tics, including higher histological grade, lymph node
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Table 2. Association between vitamin D status and clinicalcopathological characteristics in breast cancer patients.

Vitamin D Deficiency
Variable Yes No p Value
(n=65) (n=58)
Histological Grade
Grade 1 4 (80.0%) 1 (20.0%)
0.037%*
Grade 2 34 (44.2%) 43 (55.8%)
Grade 3 27 (65.9%) 14 (34.1%)
Lymph Node Status
Negative 45 (46.9%) 51(53.1%) 0.012%*
Positive 20 (74.1%) 7 (25.9%)
Tumor Size
<5cm 38 (46.3%) 44 (53.7%) 0.041%*
>5cm 27 (65.9%) 14 (34.1)
Clinical Stage
1 4 (80.1%) 1 (20.0%) 0.049%*
2 36 (45.0%) 44 (55.0%)
3 25 (65.8%) 13 (34.2%)
Estrogen Receptor
Negative 30 (65.2%) 16 (34.8%) 0.034*
Positive 35 (45.5%) 42 (54.5%)
Progesterone Receptor
Negative 25 (49.0%) 26 (51.0%) 0.474
Positive 40 (55.6%) 32 (44.4%)
HER2 Expression
Negative 33 (44.0%) 42 (56.0%) 0.014*
Positive 32 (66.7%) 16 (33.3%)

Note: Exp: * a significant association based on Chi Square test.

involvement, larger tumor size, and advanced tumor stage
[33,34]. A recent prospective cohort of 476 women also re-
ported that low serum 25(OH)D was significantly associated
with larger tumor size and lymph node positivity [35]. Fur-
thermore, other studies in diference population have shown
links between vitamin D deficiency and hormone receptor
status, particularly ER and HER2 positivity [36,37].

The association between vitamin D deficiency and tumor
aggressiveness can be explained by its biological role in
breast tissue. Activation of the VDR modulates the expres-
sion of genes governing proliferation, differentiation, and
apoptosis. Once the active form of vitamin D binds to its
receptor, the receptor makes a heterodimer with retinoid X
receptor (RXR) and attaches to vitamin D response elements
(VDRESs) within target genes. Through this interaction, vita-
min D initiates a transcriptional cascade that arrests the cell
cycle by up-regulating p21 and p27 and down-regulating

cyclin D1/CDK4, thereby preventing the G1/S phase transi-
tion [38,39]. Concurrently, vitamin D signaling also triggers
apoptosis by increasing pro-apoptotic mediators such as
BAX and caspase-3, while simultaneously suppressing the
expression of BCL-2, an anti-apoptotic protein [40]. This
process thereby ensures the controlled elimination of dam-
aged or transformed cells. In addition, vitamin D inhibits
angiogenesis and proliferative signaling by inhibiting VEGF,
EGFR, the PI3K/AKT, and Wnt/B-catenin cascade [41,42].
Vitamin D also modulates the tumor microenvironment to
favor cytotoxic T-cell activity [43-45].

Conversely, when vitamin D is deficient or VDR expres-
sion is diminished, these regulatory mechanisms are weak-
ened. It can lead to uncontrolled proliferation, decreased
apoptosis, and enhanced epithelial to mesenchymal transition
(EMT) features through up regulation several transcriptional
factors. Among them are Snail, Slug, and Twist, which can
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Fig. (1). Kaplan—Meier survival analysis comparing time to breast cancer recurrence between vitamin D deficient and non-deficient patients.

facilitate cellular detachment, invasion, and metastasis
[21,34,46]. These molecular disruptions are closely associat-
ed with clinical findings, which show higher histological
grade, larger tumor size, lymph node positivity, and ad-
vanced-stage disease [35,47].

Beyond its associations with tumor biology, vitamin D
levels have also been linked to clinical outcomes in breast
cancer. Our Kaplan—-Meier and Cox regression analyses re-
vealed that patients with vitamin D deficiency experienced
significantly shorter time to breast cancer recurrence. These
findings align with a previous study indicating that low vit-
amin D levels predict poorer disease-free survival (DFS) and
overall survival (OS) [47-49]. For instance, Mohamed et al.
found a strong positive correlation between vitamin D levels
and both DFS and OS [47]. Almeida-Filho et al. also report-
ed a nearly seven-fold higher risk of recurrence in deficient
patients (HR: 6.87; 95% CI: 2.35-21.18) [48]. Similarly, in a
larger cohort of 1,295 postmenopausal breast cancer patients,
Vrieling et al. found that low vitamin D levels were signifi-
cantly associated with poorer survival (HR: 1.6; 95% CI:
1.0-2.4), and a higher risk of distant recurrence (HR: 2.1;
95% CI: 1.3-3.4) [49].

Several biological mechanisms may explain these obser-
vations. Vitamin D plays an essential role in inhibiting can-
cer cell proliferation, enhancing immune surveillance, and
maintaining the tumor microenvironment. The active form of
vitamin D can directly inhibit tumor cell proliferation by
inducing cell-cycle arrest, promoting apoptosis, and inhibit-
ing angiogenesis through downregulating factors like VEGF
and TGF-B1 [50,51]. Vitamin D, through VDR activation,
enhances the activity of cytotoxic T-cells and natural killer

(NK) cell, while reducing the number and suppressive func-
tion of Tregs and M2 macrophages, which are essential for
eliminating residual or dormant tumor cells after primary
therapy [40,43,45,52]. In states of vitamin D deficiency, this
immune surveillance is weakened, allowing survival and
proliferation of residual tumor cells that can reactivate earli-
er. This condition results in reduced recurrence-free survival.

Furthermore, vitamin D deficiency promotes the devel-
opment of a chronic proinflammatory tumor microenviron-
ment. This condition is characterized by elevated levels of
proinflammatory cytokines such as IL-6, IL-8, and TNF-a
within the tumor microenvironment [51,53]. Such a cyto-
kine-rich milieu provides continuous growth signals that
facilitate tumor-cell proliferation and enable them to evade
apoptosis [54]. In addition, disturbance in vitamin D metabo-
lism, such as reduced expression of VDR or over-expression
of CYP24A1, the enzyme responsible for vitamin D catabo-
lism, can further weaken local anti-tumor activity and en-
hance oxidative stress. These alterations, thereby create fa-
vorable microenvironment conditions for tumor recurrence
[46,55-57]. Collectively, immune dysfunction, inflammation,
and disrupted vitamin D metabolism may provide a plausible
explanation for why patients with low serum vitamin D lev-
els experience earlier recurrence, even after apparently suc-
cessful initial treatment.

The effect of vitamin D deficiency on prognosis seems
especially important among postmenopausal breast cancer
patients. In our study, the majority of participants were
postmenopausal, which may explain the strong association
observed between low vitamin D levels and shorter breast
cancer recurrence-free survival. Following menopause, the



6 Current Nutrition & Food Science, XXXX, Vol. XX, No. XX

decline in estrogen levels reduces the expression and activity
of VDR in mammary tissue, thereby amplifying the biologi-
cal effects of vitamin D deficiency [49,58]. In addition, es-
trogen deficiency contributes to immune dysregulation and a
chronic pro-inflammatory state, both of which can facilitate
tumor reactivation in patients with low vitamin D status [38].
These hormonal and metabolic alterations may explain why
recurrence occurs earlier in vitamin D deficient postmeno-
pausal women in the present study.

Recent studies have unveiled the role of vitamin D in
regulating oxidative stress and cellular signaling in breast
cancer. Vitamin D is known to enhance antioxidant enzymes
such as SOD, GPx, and catalase, which indirectly limit ROS
accumulation and oxidative DNA damage [19,59]. Con-
versely, deficiency of vitamin D can disrupt redox balance
and promote mitochondrial dysfunction, resulting in exces-
sive ROS accumulation that supports tumor growth [60,61].
In addition, vitamin D also modulates iron metabolism by
suppressing hepcidin synthesis and regulating ferritin ex-
pression [62,63]. These mechanisms has known maintain
optimal intracellular iron levels and reduce Fenton reaction—
induced oxidative stress. Dysregulation of these pathways in
vitamin D deficiency states may contribute to enhanced oxi-
dative injury and facilitate breast cancer progression and
recurrence.

In addition to vitamin D deficiency, that influence tumor
aggressiveness and recurrence, certain histological variants
of breast cancer also display distinct behaviors that merit
clinical attention. One example is invasive micropapillary
carcinoma (IMPC), a rare subtype accounting for approxi-
mately 1-2% of breast carcinomas [64,65]. This subtype is
characterized by an “inside-out” cell polarity pattern and a
strong lymphotropic tendency, often associated with higher
rates of nodal metastasis and poorer prognosis [66]. Advanc-
es in surgical oncology have highlighted the emerging role of
indocyanine green (ICG) as a fluorescence-guided tracer for
sentinel lymph node detection, which provides improved
visualization and accuracy in axillary staging, particularly
useful in IMPC, where lymphatic spread is common [67].
Furthermore, HER2 overexpression has been observed more
frequently in IMPC compared with ductal carcinoma in situ
(DCIS), underscoring the aggressive molecular profile of
IMPC and its potential responsiveness to anti-HER2-targeted
therapies [68]. Recognizing such histological and molecular
diversity is important, as it complements the current under-
standing of how biological and environmental factors, in-
cluding vitamin D deficiency, contribute to breast-cancer
progression and recurrence.

These findings also carry substantial clinical implica-
tions. Routine screening of vitamin D levels, particularly
those with ER-positive and HER2-positive breast cancer,
should be considered by clinicians in Indonesia. Educational
initiatives aimed at increasing patient awareness about main-
taining adequate vitamin D levels through exposure to sun-
light and a balanced diet could be beneficial. Additionally,
further randomized clinical trials (RCTs) assessing vitamin
D supplementation as adjunctive therapy are essential to con-

Windarti et al.

firm potential clinical benefits in improving breast cancer
prognosis within the local population.

CONCLUSION

Vitamin D deficiency may adversely affect the time to
tumor recurrence and is significantly associated with several
poor prognostic indicators in breast cancer, including higher
tumor grade, lymph node involvement, larger tumor size,
advanced clinical stage, and hormone receptor expression.
These findings highlight the importance of evaluating vita-
min D status as a potentially modifiable prognostic factor in
breast cancer management.

STUDY LIMITATIONS

This study has several limitations. This study was con-
ducted at a single center, which may limit generalizability.
Vitamin D levels were measured only at baseline, and the
study did not assess changes in vitamin D status over time or
include supplementation history. Future multicenter studies
with longitudinal data collection are warranted to confirm
these associations and explore the potential of vitamin D
supplementation as an adjuvant strategy in breast cancer
care.
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