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Abstract 

Objectives: To evaluate the vitamin D status of postmenopausal women with 

early estrogen-receptor-positive breast cancer compared to healthy 

postmenopausal women from the same Mediterranean region.  

Study design and outcome measures: Data from 691 breast cancer patients 

(BC) in the B-ABLE cohort were analyzed after recent cancer intervention 

(recent-BC) or after a minimum of two years from this intervention (long-term-

BC). Patients were also stratified by previous chemotherapy exposure (ChT+ 

and ChT-). Plasma levels of 25-hydroxyvitamin D [25(OH)D] (25(OH)D) were 

compared to data from 294 healthy women (non-BC) by linear regression to 

estimate β-coefficients using non-BC participants as reference group. Age, body 

mass index and season of blood extraction data were selected as confounders. 

Results: A 23.7% of recent-BC patients had 25(OH)D deficiency, followed by 

17.7% in long-term-BC group, and just 1.4% of non-BC participants. Most of the 

women were located in the insufficient 25(OH)D   category regardless of study 

group. BC patients had significantly lower 25(OH)D levels than non-BC 

participants (adjusted β-coefficients: -4.84 [95%CI -6.56 to -3.12] in recent-BC, 

and -2.05 [95%CI -4.96 to -0.14] in long-term-BC). Among BC patients, the 

lowest 25(OH)D levels were found in recent-BC (ChT+) (p<0.001). No 

differences were found between long-term-BC (ChT-), long-term-BC (ChT+) and 

recent-BC (ChT-). Considering only BC patients ChT+, results showed 

significant reduced 25(OH)D   levels in recent-BC compared to long-term-BC 

(p<0.001). 

Conclusion: Severely reduced 25(OH)D levels were detected in patients with 

breast cancer, particularly after recent chemotherapy. These 25(OH)D levels 

would be partially recovered at long-term, but remained much lower than in the 

healthy population. 
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1. Introduction 

Many genes are regulated by the active form of vitamin D (1,25-

dihydroxyvitamin D) in tissues such as the immune system, bone, muscles, 

lungs, heart, and kidney, among others. Although its primary biological action, 

which is mediated by vitamin D receptor (VDR), is to regulate serum calcium 

levels and promote bone mineralization, several studies have described vitamin 

D as a potent non-proliferation, pro-differentiation and immunomodulation factor 

[1]. Its precursor, 25-hydroxyvitamin D (25(OH)D) is the circulating form of 

vitamin D which is considered the best marker to assess vitamin D levels [2-5]. 

The role of vitamin D in several physiological processes has been widely 

studied, but its role in breast cancer has been under discussion for years. 

Preclinical studies suggest a protective effect of vitamin D on cancer risk and 

progression [6, 7], but clinical and epidemiologic studies have reported 

controversial results [8-12]. However, the available evidences that vitamin D 

levels may affect breast cancer survival [13, 14] are sufficient to suggest that 

vitamin D status should be monitored. Previous studies in the B-ABLE cohort -a 

prospective, clinical cohort study of women diagnosed with early breast cancer 

and candidates for aromatase inhibitor treatment- showed that low levels of 

serum 25(OH)D are associated with worsening joint pain and increased loss of 

bone mass [15-17]. Exploring the behavior of vitamin D in these patients could 

be important for preventing musculoskeletal disorders as well as other events 

affecting quality of life. 

In the present study, 25(OH)D status has been exhaustively explored in the B-

ABLE cohort and compared to healthy postmenopausal women from the same 

Mediterranean region. 

2. Methods 

2.1 Study design and participants 

This observational cohort study compared serum vitamin D levels (25(OH)D) in 

Mediterranean postmenopausal women diagnosed with early estrogen-

receptor-positive breast cancer and a control group of healthy postmenopausal 

women. Postmenopausal status was defined as >55 years old with amenorrhea 



for >12 months, or ≤55 years with levels of luteinizing hormone >30 mIU/mL or 

follicle-stimulating hormone values >40 mIU/mL. 

Data from 691 breast cancer patients (BC) were collected in the B-ABLE cohort 

(Barcelona–Aromatase induced Bone Loss in Early breast cancer) [17] from 

January 2006 to Jun 2017 in Hospital del Mar (Barcelona, Spain), of which 460 

were postmenopausal women with breast cancer included at 6 weeks post-

surgery or 1 month after the last cycle of chemotherapy (recent-BC); the 

remaining 231 women were included once menopause started after taking 

tamoxifen for a minimum of 2 years and up to 5 years (long-term-BC). Data 

were collected for a large number of demographic and clinical variables, 

including age at recruitment, body mass index (BMI), and serum levels of 

25(OH)D, among others. Exclusion criteria included previous history of any 

metabolic or endocrine diseases, alcoholism, rheumatoid arthritis, and oral 

corticosteroids. 

Healthy postmenopausal women were recruited as a control group (non-BC, 

n=294) in the Hospital Clínico Universitario de Valencia from January 2004 to 

October 2009. Registered variables included age, BMI, and serum levels of 

25(OH)D, among others. Exclusion criteria were the same as for the B-ABLE 

cohort. 

2.2 Variables 

The main outcome of the study was the serum level of 25(OH)D, obtained from 

peripheral blood using competitive immunoluminometric direct assay with direct-

coated magnetic microparticles (coefficient of variation<10%) (Elecsys Vitamin 

D total II, model 07028148190; Cobas e801 system, Roche Diagnostics GmbH, 

Mannheim, Germany). Season of blood extraction was registered and 25(OH)D   

levels were classified as optimal (≥30 ng/ml), insufficient (<30 ng/ml and ≥10 

ng/ml), or deficient (<10 ng/ml) [18]. Age, BMI and chemotherapy (ChT) status 

were also used in the statistical analysis.  

 

 



2.3 Statistical methods 

Differences between selected populations were assessed by Kruskal–Wallis 

test and Chi-square test. Differences in percentages of patient distribution in 

25(OH)D categories were evaluated using the Chi-square test. 

Linear regression models were performed to estimate the β-coefficients in 

25(OH)D levels between study groups, using non-BC participants as reference 

group. Age, BMI, and season of blood extraction data were selected as 

confounders. Linearity, interaction, and lack of perfect multicollinearity of 

independent variables were tested. 

A sub-analysis was conducted, stratifying the study groups according to 

chemotherapy (ChT) status: patients treated (ChT+) or non-treated (ChT-) with 

chemotherapy. No non-BC participants had been exposed to ChT. 

All statistical analyses were performed with R for Windows version 3.3.3 using 

foreign, Hmisc, compareGroups, pgirmess, fifer, pca3d, plyr, boot, ggplot2, car, 

and stats packages. P<0.05 was considered significant, and all statistical 

contrasts were corrected by Bonferroni test per multiple comparisons. 

3. Results 

3.1 Patient characteristics 

A total of 985 participants were included, 691 patients from the B-ABLE cohort 

and 294 healthy post-menopausal women. Their characteristics are reported in 

Table 1. Recent-BC patients were significantly older (p<0.001) and had higher 

BMI (p<0.01) than long-term-BC and non-BC participants. Different exposure to 

previous ChT treatment was observed between BC groups (p<0.001). 

Differences in serum levels of 25(OH)D were detected between the three 

groups (p<0.001), but no significant differences were found in season of blood 

sample collection. 

3.2 Participants distribution by vitamin D categories 

Subject distribution by categories of 25(OH)D showed significant differences 

between the three groups (p<0.05) (Figure 1). The recent-BC patients had the 



higher percentage of 25(OH)D deficiency (23.7%), followed by 17.7% in long-

term-BC group, and just 1.4% of non-BC participants. Most of the women were 

located in the insufficient 25(OH)D category regardless of study group. 

3.3 Linear regression analysis of vitamin D 

In the adjusted linear regression analysis using non-BC group as reference, 

significant differences in 25(OH)D levels were found between three groups: 

non-BC vs recent-BC, p<0.001; non-BC vs long-term-BC, p<0.05; and recent-

BC vs long-term-BC patients, p<0.001 (Table 2). Additionally, a significant 

interaction between recent-BC patients and ChT status (p<0.01) suggested 

differences in 25(OH)D levels according to previous ChT exposure.  

3.3 Subanalysis stratifying by chemotherapy exposure 

In the subanalysis stratified by ChT status (Table 3), all patients with breast 

cancer had significantly lower 25(OH)D levels than non-BC participants. Among 

BC patients, the lowest 25(OH)D levels were found in recent-BC with previous 

ChT (p<0.001). No differences were found between recent-BC (ChT-), long-

term-BC (ChT-) and long-term-BC (ChT+) groups. 

Patient distribution by categories of 25(OH)D, stratified by ChT status, 

corroborated previous regression results (Figure 2): 25(OH)D levels of recent-

BC group were significantly lower in patients with previous ChT than in those 

without ChT (p<0.001). However, in long-term-BC patients, no 25(OH)D 

differences according to previous ChT were observed. Hence, considering only 

the 25(OH)D levels of patients with previous ChT, there were significant 

differences (p<0.001) between patients just finalizing ChT [recent-BC (CT+)] 

and those after 2 to 5 years from intervention [long-term-BC (CT+)] (Figure 2). 

4. Discussion  

Breast cancer patients in the B-ABLE cohort exhibited significantly lower 

25(OH)D levels compared to a control group of healthy postmenopausal women 

from the same geographical region. The lowest 25(OH)D levels were observed 

in patients with recent chemotherapy. 



Although our Mediterranean population could be expected to have relatively 

optimal 25(OH)D levels due to the region’s solar patterns, a large majority of the 

women had insufficient 25(OH)D levels regardless of study group. Even though 

healthy women had higher 25(OH)D levels than BC patients, normal levels were 

found only in 21.4%. Vitamin D3 insufficiency and deficiency could be related to 

cultural factors limiting exposure to sunlight, including indoor occupations, 

population aging, or consistent use of protective clothing or sunscreen when 

outdoors, reducing the individual’s UVR exposure [19]. Matsuoka et al. (1987) 

reported a 97.5% decrease of previtamin D3 production after the application of 

a sunscreen with a sun protection factor of only 8 [20]. Webb et al. (1988) 

described a severe reduction of 25(OH)D levels in latitudes above and below 

35ºN and 35ºS in winter [21]. These could also explain the lower 25(OH)D 

values observed in our populations (latitudes: 41.38ºN in Barcelona, and 

39.45ºN in Valencia).  

Although cases and controls were recruited from different places, Barcelona 

and Valencia are very similar cities, geographically close to one another, with 

very similar climate, cultural behaviors and clinical health care systems. The 

same exclusion criteria were used for both cohorts and all analyses were 

adjusted by age, season of blood draw, and BMI as confounding variables. 

Among women with BC, long-term participants had 25(OH)D levels significantly 

higher than the rest of breast cancer women; nonetheless, 17.7% of the long-

term-BC group had 25(OH)D deficiency, compared to 1.4% of healthy women. 

This places the long-term-BC group in an intermediate 25(OH)D status between 

the recent-BC and non-BC groups. The overall prevalence of suboptimal levels 

of 25(OH)D in our study was similar to other studies of baseline 25(OH)D levels 

in breast cancer patients [22, 23], suggesting that women with breast cancer 

tend to have inferior 25(OH)D levels. 

Interestingly, we found an interaction between chemotherapy and 25(OH)D 

levels. When breast cancer women were stratified according to chemotherapy 

status, the lowest 25(OH)D levels were observed in patients who underwent 

recent chemotherapy. These results could be attributed to the photosensitivity 

effect of chemotherapy, affecting patients’ sunlight exposure. This effect on 



25(OH)D levels disappeared at long-term, when no differences according to 

previous chemotherapy were observed in these patients. Even though 25(OH)D 

levels seemed to partially recover in long-term patients, it is unclear why values 

comparable to the healthy population were not achieved. More time may be 

required to recover 25(OH)D levels, or perhaps these women have lower 

25(OH)D levels due to genetic or physiological factors. Indeed, recent studies 

have suggested an association between 25(OH)D levels and breast cancer risk 

[12, 24, 25], overall survival [26, 27], and cancer prognosis [7, 28]. 

One limitation of our study is the time point when 25(OH)D levels were 

assessed. Blood analysis was done at 6 weeks post-surgery or 1 month after 

the last cycle of chemotherapy, not at the time of cancer diagnosis; therefore, 

some small variation of 25(OH)D levels could occur during this period. We 

cannot know the levels of 25(OH)D before breast cancer detection or before 

any intervention related to breast cancer treatment. Hence, we cannot analyze 

either the associations between 25(OH)D levels and breast cancer incidence or 

the effect of cancer disease per se on 25(OH)D levels. However, the main 

purpose of the present study was to report the 25(OH)D status of early breast 

cancer patients compared to healthy women with similar features. Additionally, 

our cohorts were very well-characterized and our analysis controlled for most 

potential confounders. 

A strength of this study is that 25(OH)D deficiency in breast cancer patients was 

observed both in early and long-term follow-up, underlining the consistence of 

this finding over time. This observation adds another evidence on the 

association between 25(OH)D and breast cancer as is consistently supported 

by numerous case-control studies and randomized controlled trials [29, 30]. 

 

5. Conclusion 

In summary, severely reduced 25(OH)D levels were detected in patients with 

breast cancer, particularly after recent chemotherapy. These 25(OH)D levels 

seemed to be partially recovered at long-term but remained much lower than 

the healthy population. Considering that 25(OH)D levels have been related to 



better prognosis and survival, it may be speculated that 25(OH)D 

supplementation might impact prognosis in all patients diagnosed of breast 

cancer, and especially in patients receiving chemotherapy. Intervention studies 

might provide an answer to that question. 

Contributors 

Marta Pineda-Moncusí, Natalia Garcia-Giralt and Xavier Nogues contributed to 

study concept and design. 

Miguel Angel Garcia-Perez, Abora Rial, Guillem Casamayor, Maria Lourdes 

Cos, Sonia Servitja, Ignasi Tusquets, Antonio Cano and Xavier Nogues 

recruited participants and contributed to data collection.  

Marta Pineda-Moncusí and Natalia Garcia-Giralt performed data analysis. 

Marta Pineda-Moncusí, Sonia Servitja, Ignasi Tusquets, Adolfo Diez-Perez, 

Natalia Garcia-Giralt and Xavier Nogues contributed to result interpretation and 

discussion.  

All authors helped with manuscript drafting and critically reviewed the 

manuscript. All authors approved the final version of the manuscript.  

Ethical statement 

The study protocol was approved by the ethics committee of Parc de Salut Mar 

(2016/6803/I) and it was carried out in accordance with the Declaration of 

Helsinki. All participants gave their written informed consent to participate in this 

research once they had read the study information sheet and any questions had 

been answered. The privacy rights of human subjects must always be 

observed. 

Conflicts of interest 

The authors declare that they have no conflict of interest. 

Funding 

This work was supported by the Centro de Investigación Biomédica en Red de 

Fragilidad y Envejecimiento Saludable (CIBERFES) [grant number 



CB16/10/00245]; FIS Project from Instituto de Salud Carlos III, Ministerio de 

Ciencia e Innovación [grant number PI16/00818 and PI17/01875] and FEDER 

funds. 

Acknowledgments 

The authors thank Elaine M. Lilly, Ph.D, for providing language assistance, 

helpful advice and critical reading of the manuscript.  

 

References 

[1]  L. Ferreira de Almeida, T. Machado Coimbra, Vitamin D Actions on Cell Differentiation, 
Proliferation and Inflammation Int J Complement Alt Med 6(5) (2017) 00201 DOI: 
https://doi.org/10.15406/ijcam.2017.06.00201. 

[2]  J.E. Zerwekh, Blood biomarkers of vitamin D status, Am J Clin Nutr 87(4) (2008) 1087S-91S 
DOI: https://doi.org/10.1093/ajcn/87.4.1087S. 

[3]  D.D. Bikle, Vitamin D metabolism, mechanism of action, and clinical applications, Chem 
Biol 21(3) (2014) 319-29 DOI: https://doi.org/10.1016/j.chembiol.2013.12.016. 

[4] M.F. Holick, Vitamin D deficiency, N Engl J Med 357(3) (2007) 266-81 DOI: 
https://doi.org/10.1056/NEJMra070553. 

[5]  P. Pludowski, M.F. Holick, W.B. Grant, J. Konstantynowicz, M.R. Mascarenhas, A. Haq, V. 
Povoroznyuk, N. Balatska, A.P. Barbosa, T. Karonova, E. Rudenka, W. Misiorowski, I. 
Zakharova, A. Rudenka, J. Łukaszkiewicz, E. Marcinowska-Suchowierska, N. Łaszcz, P. 
Abramowicz, H.P. Bhattoa, S.J. Wimalawansa, Vitamin D supplementation guidelines, J 
Steroid Biochem Mol Biol 175 (2018) 125-135 DOI: 
https://doi.org/10.1016/j.jsbmb.2017.01.021. 

[6]  M.U.N. Iqbal, T.A. Khan, Association between Vitamin D receptor (Cdx2, Fok1, Bsm1, Apa1, 
Bgl1, Taq1, and Poly (A)) gene polymorphism and breast cancer: A systematic review and 
meta-analysis, Tumour Biol 39(10) (2017) 1010428317731280 DOI: 
https://doi.org/10.1177/1010428317731280. 

[7]  J. Welsh, Vitamin D and breast cancer: Past and present, J Steroid Biochem Mol Biol  (2017)  
DOI: https://doi.org/10.1016/j.jsbmb.2017.07.025. 

[8]  D. Feldman, A.V. Krishnan, S. Swami, E. Giovannucci, B.J. Feldman, The role of vitamin D in 
reducing cancer risk and progression, Nat Rev Cancer 14(5) (2014) 342-57 DOI: 
https://doi.org/10.1038/nrc3691. 

[9]  Y. Kim, Y. Je, Vitamin D intake, blood 25(OH)D levels, and breast cancer risk or mortality: a 
meta-analysis, Br J Cancer 110(11) (2014) 2772-84 DOI: 
https://doi.org/10.1038/bjc.2014.175. 

[10] V.I. Dimitrakopoulou, K.K. Tsilidis, P.C. Haycock, N.L. Dimou, K. Al-Dabhani, R.M. Martin, 
S.J. Lewis, M.J. Gunter, A. Mondul, I.M. Shui, E. Theodoratou, K. Nimptsch, S. Lindstrom, 
D. Albanes, T. Kuhn, T.J. Key, R.C. Travis, K.S. Vimaleswaran, P. Kraft, B.L. Pierce, J.M. 
Schildkraut, Circulating vitamin D concentration and risk of seven cancers: Mendelian 
randomisation study, Bmj 359 (2017) j4761 DOI: https://doi.org/10.1136/bmj.j4761. 

[11] A.A. Rose, C. Elser, M. Ennis, P.J. Goodwin, Blood levels of vitamin D and early stage breast 
cancer prognosis: a systematic review and meta-analysis, Breast Cancer Res Treat 141(3) 
(2013) 331-9 DOI: https://doi.org/10.1007/s10549-013-2713-9. 



[12] S.R. Bauer, S.E. Hankinson, E.R. Bertone-Johnson, E.L. Ding, Plasma vitamin D levels, 
menopause, and risk of breast cancer: dose-response meta-analysis of prospective 
studies, Medicine (Baltimore) 92(3) (2013) 123-31 DOI: 
https://doi.org/10.1097/MD.0b013e3182943bc2. 

[13] L. Huss, S. Butt, S. Borgquist, M. Almquist, J. Malm, J. Manjer, Serum levels of vitamin D, 
parathyroid hormone and calcium in relation to survival following breast cancer, Cancer 
Causes Control 25(9) (2014) 1131-40 DOI: https://doi.org/10.1007/s10552-014-0413-3. 

[14] M.J. Campbell, D.L. Trump, Vitamin D Receptor Signaling and Cancer, Endocrinol Metab 
Clin North Am 46(4) (2017) 1009-1038 DOI: https://doi.org/10.1016/j.ecl.2017.07.007. 

[15] X. Nogues, S. Servitja, M.J. Pena, D. Prieto-Alhambra, R. Nadal, L. Mellibovsky, J. Albanell, 
A. Diez-Perez, I. Tusquets, Vitamin D deficiency and bone mineral density in 
postmenopausal women receiving aromatase inhibitors for early breast cancer, Maturitas 
66(3) (2010) 291-7 DOI: https://doi.org/10.1016/j.maturitas.2010.03.012. 

[16] D. Prieto-Alhambra, M.K. Javaid, S. Servitja, N.K. Arden, M. Martinez-Garcia, A. Diez-Perez, 
J. Albanell, I. Tusquets, X. Nogues, Vitamin D threshold to prevent aromatase inhibitor-
induced arthralgia: a prospective cohort study, Breast Cancer Res Treat 125(3) (2011) 869-
78 DOI: https://doi.org/10.1007/s10549-010-1075-9. 

[17] S. Servitja, X. Nogues, D. Prieto-Alhambra, M. Martinez-Garcia, L. Garrigos, M.J. Pena, M. 
de Ramon, A. Diez-Perez, J. Albanell, I. Tusquets, Bone health in a prospective cohort of 
postmenopausal women receiving aromatase inhibitors for early breast cancer, Breast 
21(1) (2012) 95-101 DOI: https://doi.org/10.1016/j.breast.2011.09.001. 

[18] T.D. Thacher, B.L. Clarke, Vitamin D insufficiency, Mayo Clin Proc 86(1) (2011) 50-60 DOI: 
https://doi.org/10.4065/mcp.2010.0567. 

[19] N.G. Jablonski, The Evolution of Human Skin and Skin Color, Annual Review of 
Anthropology 33(1) (2004) 585-623 DOI: 
https://doi.org/10.1146/annurev.anthro.33.070203.143955. 

[20] L.Y. Matsuoka, L. Ide, J. Wortsman, J.A. MacLaughlin, M.F. Holick, Sunscreens suppress 
cutaneous vitamin D3 synthesis, J Clin Endocrinol Metab 64(6) (1987) 1165-8 DOI: 
https://doi.org/10.1210/jcem-64-6-1165. 

[21] A.R. Webb, L. Kline, M.F. Holick, Influence of season and latitude on the cutaneous 
synthesis of vitamin D3: exposure to winter sunlight in Boston and Edmonton will not 
promote vitamin D3 synthesis in human skin, J Clin Endocrinol Metab 67(2) (1988) 373-8 
DOI: https://doi.org/10.1210/jcem-67-2-373. 

[22] L.J. Peppone, A.S. Rickles, M.C. Janelsins, M.R. Insalaco, K.A. Skinner, The association 
between breast cancer prognostic indicators and serum 25-OH vitamin D levels, Ann Surg 
Oncol 19(8) (2012) 2590-9 DOI: https://doi.org/10.1245/s10434-012-2297-3. 

[23] F. Acevedo, V. Perez, A. Perez-Sepulveda, P. Florenzano, R. Artigas, L. Medina, C. Sanchez, 
High prevalence of vitamin D deficiency in women with breast cancer: The first Chilean 
study, Breast 29 (2016) 39-43 DOI: https://doi.org/10.1016/j.breast.2016.06.022. 

[24] V. Lope, A. Castello, A. Mena-Bravo, P. Amiano, N. Aragones, T. Fernandez-Villa, M. 
Guevara, T. Dierssen-Sotos, G. Fernandez-Tardon, G. Castano-Vinyals, R. Marcos-Gragera, 
V. Moreno, D. Salas-Trejo, M. Diaz-Santos, M. Oribe, I. Romieu, M. Kogevinas, F. Priego-
Capote, B. Perez-Gomez, M. Pollan, Serum 25-hydroxyvitamin D and breast cancer risk by 
pathological subtype (MCC-Spain), J Steroid Biochem Mol Biol  (2018)  DOI: 
https://doi.org/10.1016/j.jsbmb.2018.04.005. 

[25] Y. Wu, M. Sarkissyan, S. Clayton, R. Chlebowski, J.V. Vadgama, Association of Vitamin D3 
Level with Breast Cancer Risk and Prognosis in African-American and Hispanic Women, 
Cancers (Basel) 9(10) (2017)  DOI: https://doi.org/10.3390/cancers9100144. 

[26] S. Yao, M.L. Kwan, I.J. Ergas, J.M. Roh, T.D. Cheng, C.C. Hong, S.E. McCann, L. Tang, W. 
Davis, S. Liu, C.P. Quesenberry, Jr., M.M. Lee, C.B. Ambrosone, L.H. Kushi, Association of 
Serum Level of Vitamin D at Diagnosis With Breast Cancer Survival: A Case-Cohort Analysis 



in the Pathways Study, JAMA Oncol 3(3) (2017) 351-357 DOI: 
https://doi.org/10.1001/jamaoncol.2016.4188. 

[27] K. Hu, D.F. Callen, J. Li, H. Zheng, Circulating Vitamin D and Overall Survival in Breast 
Cancer Patients: A Dose-Response Meta-Analysis of Cohort Studies, Integr Cancer Ther 
17(2) (2018) 217-225 DOI: https://doi.org/10.1177/1534735417712007. 

[28] M. Li, P. Chen, J. Li, R. Chu, D. Xie, H. Wang, Review: The Impacts of Circulating 25-
Hydroxyvitamin D Levels on Cancer Patient Outcomes: A Systematic Review and Meta-
Analysis, J. Clin. Endocrinol. Metab. 99(7) (2014) 2327-2336 DOI: 
https://doi.org/10.1210/jc.2013-4320. 

[29] W.B. Grant, 25-hydroxyvitamin D and breast cancer, colorectal cancer, and colorectal 
adenomas: case-control versus nested case-control studies, Anticancer Res 35(2) (2015) 
1153-60  

[30] W.B. Grant, B.J. Boucher, Randomized controlled trials of vitamin D and cancer incidence: 
A modeling study, PLoS One 12(5) (2017) e0176448 DOI: 
https://doi.org/10.1371/journal.pone.0176448. 

 

  



Table 1. Patient characteristics  

Variable 
recent-BC  

(N=460) 

long-term-BC 

(N=231) 

non-BC 

(N=294) 

Age (median [Q1;Q3]) 63.0 [57.0;67.0] 57.0 [52.0;66.0] 58.0 [53.0;62.0] 

BMI (median [Q1;Q3]) 28.5 [26.0;32.4]  26.8 [23.7;30.9]  26.2 [23.6;29.2] 

Patients exposed to ChT 
(n;%) 

253 (55.0%) 157 (67.7%) 0 (0%) 

Serum levels of 25(OH)D 
(median [Q1;Q3]) 

15.8 [10.3;21.6] 17.5 [12.0;24.6] 22.6 [18.1;28.7] 

   Sorted by season of baseline blood sample collection (median [Q1;Q3](n;%)) 

            January–March 
13.4 [8.64;20.5] 

(124;27.0%) 
14.1 [8.90;22.0] 

(67;29.0%) 
22.6 [18.1;28.7] 

(118;40.1%) 

            April–June 
15.6 [11.9;21.7] 

(85;18.5%) 
18.1 [12.0;23.9] 

(58;25.1%) 
23.2 [18.8;28.2] 

(87;29.6%) 

            July–September 
19.0 [11.8;24.0] 

(120;26.1%) 
20.6 [16.4;28.8] 

(42;18.2%) 
20.4 [17.2;28.2] 

(27;9.18%) 

            October–December 
14.7 [9.11;19.7] 

(131;28.5%) 
18.2 [13.2;27.1] 

(64;27.7%) 
25.3 [18.0;32.2] 

(62;21.1%) 

Abbreviations: BC, breast cancer; BMI, body mass index; ChT, chemotherapy; Q, quartile. 

 

 

Table 2. Values of constant α and β coefficients of 25(OH)D serum levels in 
recent-BC and long-term-BC patients compared with non-BC women. 

Group 
Unadjusted α 

value [95%CI] 

Unadjusted β  

coefficient [95%CI] 

Adjusted α 

value [95%CI] 

Adjusted β  

coefficient [95%CI]
a
 

non-BC (ref) 
23.76 

[22.67 to 24.85]  
33.27 

[27.91 to 38.63]  

recent-BC 
 

-6.88 [-8.27 to -5.49] 
 

-4.84 [-6.56 to -3.12] 

long-term-BC 
 

-4.27 [-5.91 to -2.64] 
 

-2.05 [-4.96 to -0.14] 

Abbreviations: BC, breast cancer patients; CI, confidence interval; ref, reference category. In 
95%CI, reference group is non-BC patients. 

a 
Adjusted by age, body mass index, season of 

blood extraction and chemotherapy status. 

 

 

 

 

 

 

 



Table 3. Subanalysis of vitamin D serum levels according to patient exposure to 
chemotherapy and compared with non-BC women: constant α value and β 
coefficients in recent-BC and long-term-BC patients. 

Group 

Unadjusted  

α value 

[95%CI] 

Unadjusted β  

coefficient [95%CI] 

Adjusted  

α value 

[95%CI]
a
 

Adjusted β  

coefficient [95%CI]
a
 

non-BC (ref) 
23.76 

[22.69 to 24.83] 
  

31.62 
[26.18 to 37.06] 

  

recent-BC (ChT-)   -4.06 [-5.72 to -2.40]   -4.21 [-5.96 to -2.45] 

recent-BC (ChT+)   -9.19 [-10.76 to -7.62]   -9.24 [-10.91 to -7.58] 

long-term-BC (ChT-)   -4.72 [-7.11 to -2.34]   -4.46 [-6.90 to -2.03] 

long-term-BC (ChT+)   -4.06 [-5.88 to -2.25]   -4.59 [-6.40 to -2.77] 

Abbreviations: BC, breast cancer patients; (ChT-), non-chemotherapy exposure; (ChT+), chemotherapy 
exposure; CI, confidence interval; ref, reference category. In 95%CI, reference group is non-BC patients. 

a 

Adjusted by age, body mass index and season of vitamin D blood. 

 

 

Figure legends 

 

Figure 1. Participant distribution in each study group according to vitamin D 

categories. Abbreviations: BC, breast cancer; Percentage, percentage of 

patients. * Bonferroni post hoc comparison of Chi-square test: p<0.001. 

 

Figure 2. Subanalysis stratifying by previous chemotherapy. Patient distribution 

in each study group according to vitamin D categories. Abbreviations: BC, 

breast cancer; ChT-, non-previous chemotherapy treatment; ChT+, previous 

chemotherapy treatment; Percentage, percentage of patients. * Bonferroni post 

hoc comparison of Chi-square test: p<0.05. 

 


