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Abstract: Vitamin D and calcium are involved in a wide range of proliferation, apoptosis and cell signaling activities
in the body. Suboptimal concentrations may lead to cancer development. The role of phosphate in cancer metabolism is particularly relevant in breast cancer while, magnesium deficiency favors DNA mutations leading to carcinogenesis. Objectives: To determine serum levels of vitamin D, calcium, phosphorus, magnesium, and parathormone
in female breast cancer patients and to assess their association with some prognostic factors in breast cancer.
Design and methods: This study is done on 98 newly diagnosed female breast cancer patients and 49 age matched
apparently healthy female volunteers as controls. Serum samples from all patients and controls were subjected to
25-OH Vit D, calcium, phosphorus, magnesium, and parathormone measurements. Results: In the breast cancer
group, the median serum levels of 25-OH Vit D were 15 ng/ml, while it was 21 ng/ml in the control group. Levels of
25-OH Vit D and other tested minerals were significantly lower while calcium: magnesium (Ca:Mg) ratio, and calcium
: phosphorus (Ca:P) ratio were significantly higher in the breast cancer group. Significant negative correlation was
detected between phosphorus and calcium, ionized calcium , calcium magnesium ratio, and calcium phosphorus
ratio. Conclusion: It is not only the deficient levels of Vit D and other related minerals, but the combination of the
abnormal levels of all the studied parameters that might contribute to the development of cancer. Further studies
with larger number of patient are needed.
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Introduction
Breast cancer was estimated one of the most
commonly diagnosed cancers worldwide
(11.9%). Among women, it is the most common
cause of cancer death and the most frequently
diagnosed cancer in 140 out of 184 countries
worldwide [1] including Egypt, where there were
an estimated 49.5 cases of breast cancer per
100,000 adults in 2012, and an estimated
18,660 cases in total [2].
Many factors have been claimed to increase
breast cancer risk, from which are; weight gain
and body mass index; age at menarche and
menopause, previous benign breast lesions
and family history of breast cancer, and exposure to ionizing radiation and alcohol consumption [3]. Because the epidemiology of breast
cancer is not fully explained by these factors,

there is still a need for investigating more etiological factors for breast cancer.
Vitamin D (Vit D), through its binding to vitamin
D receptors (VDR) which are located in the
nuclei of the breast cells among other tissues
of the body, exerts a variety of immunogenic
and antiproliferative activities [4]. That is why
suboptimal Vit D levels might lead to cancer
development through impairment of cell proliferation, differentiation, apoptosis, and angiogenesis [5].
Interestingly, it has been found that people with
higher sun exposure, higher intake, or higher
serum levels of vitamin D showed reduced incidence of breast, colon, and prostate cancers
[6].
In the liver, vitamin D is metabolized to
25-hydroxy vitamin D (25 (OH) D), then further
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Table 1. Clinical characteristics of the 98 breast cancer patients in the study
Characteristic
Age
Menopausal Status
Pathological type
Grade
Distant metastasis
LN involvement
ER
PR

N (98) Percentage
50 (30-80)
Premenopause
Postmenopause
IDC
Other types
Grade 2
Grade 1 & 3
Presence
Absence
Positive
Negative
Positive
Negative
Positive
Negative

36
62
83
15
89
9
16
82
51
47
55
43
49
49

37
63
85
15
91
9
16
84
52
48
56
44
50
50

IDC: invasive duct carcinoma; ER: estrogen receptor; PR: progesterone receptor; LN: Lymph node; Age: Median and interquartile range
in parenthesis.

hydroxylated by 1- alpha hydroxylase enzyme in
kidneys and other tissues like breast , prostate,
and colon cells to 1, 25- dihydroxy vitamin D (1,
25 (OH) D), the most biologically active form
and the natural ligand for VDR [7]. Circulating
25 (OH) D concentration is considered to be the
best indicator of vitamin D status and the major
storage form and varies with dietary intake and
exposure to sunlight [8]. On the other hand, the
circulating concentration of 1, 25 (OH) D is
tightly regulated by renal 1-α-hydroxylase , so
its level is maintained in a relatively narrow
range [9].
Vitamin D deficiency is also associated with
secondary elevation in PTH serum levels which
has carcinogenic and tumor promoting effects
[10] hence, may lead to an increased risk of
breast cancer.
Altered cell metabolism is regarded as a hallmark of cancer. As phosphate is an essential
nutrient for the synthesis of nucleic acids,
phospholipids and high energy metabolites
such as adenosine triphosphate (ATP), rapidly
dividing cells should require a continuous supply of it. The role of phosphate in cancer metabolism is particularly relevant in breast cancer
and bone metastasis. Additionally, the high
local phosphate concentration during osteoly-
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sis represents a potential factor contributing to the cell’s prolific microenvironment
[11].
Being an important intracellular messenger, calcium is involved in proliferation,
apoptosis and cell signaling [12].
Magnesium (Mg) is the fourth most abundant cation in the body [13], plays an
essential role in more than 300 biological
activities and is essential for deoxyribonucleic acid (DNA) duplication and repair, so
Mg deficiency leads to carcinogenesis by
favoring DNA mutations. It was also postulated that alterations in Ca:Mg ratio could
lead to increased development of new and
recurrent breast cancer [14].
Aim of the work was to evaluate the association between abnormal serum levels of
25-OH vitamin D and other related minerals in adult female patients with breast
cancer and to compare their levels to the
normal control group, also to assess their
association with some prognostic factors in
breast cancer.
Patients and methods
All newly diagnosed adult female patients with
breast cancer who were presented to the
Medical Oncology Department over a period of
consecutive 6 months from January till June
2012 (98 patients) were recruited into the
study as “cases” after informed consent. Forty
nine age-matched healthy female volunteers
were enrolled as the “control group”. The histopathological diagnosis of breast cancer, grade
of the tumor, and hormone receptor status
(estrogen receptor - ER, and progesterone
receptor - PR) was recorded from the pathology
reports of breast cancer patients. The study
protocol was approved by the Scientific
Research Committee and Institutional Review
Board at the National Cancer Institute, Cairo
University, Egypt.
Methods
Five ml of blood was withdrawn from each
patient, left to clot then centrifuged; serum was
collected and kept at -20°. Serum 25-(OH) D
levels were measured by ELISA technique,
using DRG ELISA kit (EIA-5396)-USA. Parathormone was determined using a solid-phase,
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Table 2. Comparison of 25-OH Vit D, parathormone & other tested
minerals’ levels in the breast cancer & normal control groups using
Mann-Whitney test
Breast Cancer
Control group
group (n:98)
(n:49)
25-OH Vit D (20-100 ng/ml)
15 (8.8-24)
21 (12.5-31)
Parathormone (10-70 pg/ml)
58 (41-87)
45.4 (33-72)
Phosphorus (2.5-4.5 mg/dl)
3.8 (3.3-4.3)
4.6 (3.9-5.3)
Ca Total (2.2-2.7 mmol/L)
2.2 (1.9-2.3)
2.2 (2-2.3)
Ionized calcium (1.15-1.35 mmol/L)
1 (0.9-1.1)
1.1 (1-1.2)
Mg (1.8-2.6 mg/dl)
1.8 (1.5-2.1)
2.3 (2-2.6)
Ca:Mg ratio (3.1:1)
1.2 (0.9-1.5)
0.92 (0.8-1.1)
Ca:P ratio (2.63:1)
0.56 (0.46-0.68) 0.45 (0.4-0.56)
Parameter

P value
0.044*
0.102
<0.001*
0.932
0.012*
<0.001*
<0.001*
<0.001*

Significant; Median and interquartile range in parenthesis. Mg: Magnesium; Ca: Calcium;
BC: Breast cancer; Ca: P ratio (Jin et al., 2009) [22]. All parameters are measured by conventional units, to change into Systeme. International units: 25-OH Vit D (ng/ml): multiply by
2.496 to give (nmol/L). Parathormone (pg/ml): multiply by 1.0 to give (ng/L). Phosphorus
(mg/dl): multiply by 0.323 to give (mmol/L). Ca (mg/dl): multiply by 0.25 to give (mmol/L).
Mg (mg/dl): multiply by 0.411 to give (mmol/L).
*

two sites chemiluminescent enzyme-labeled
immunometric assay done on immulite system.
The kit was supplied by Siemens Health Care
Diagnostics, USA. Total Calcium was measured
using kit of Bio Lab Company, France adopting
the method of Moorehead and Briggs method
[15]. The method depends on in alkaline solution O-cresolphthalein Complexone reacts with
Calcium to form dark-red coloured complex
with absorbance measured at 570 nm. Ionized
Calcium was measured by Cornley AFT 500, a
membrane electrolyte analyzer
(Meizhou
Cornley Hi-Tech Co, Ltd). Magnesium and phosphorus were measured using Beckman CX9
auto-analyzer.
Statistical analysis
Data analysis was done by using IBM SPSS
advanced statistics version 20 (SPSS Inc.,
Chicago, IL). The descriptive measures were
presented in frequency and percentages. For
quantitative data, comparison between two
groups was done using Mann-Whitney test
(non-parametric t-test). Pearson’s correlation
was used to test correlation between numerical
variables. P-value of ≤0.05 was considered
significant.
Results
The median age of the 98 breast cancer
patients and the control groups was 50 and 51
years respectively. Age, marital status, menopausal and residential areas had almost similar
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distribution among cases and controls. Postmenopausal status of
females was defined as
the last menstrual bleeding at least 12 months before the date of
interview or a history of
bilateral oophorectomy.
Patients’ characteristics were mentioned in
Table 1. Data on Her-2
expression or ki67 were missing in most of
cases studied.

Comparison of 25-OH
Vit D, parathormone &
other tested minerals’
levels in the breast cancer & normal control
groups are shown in Table 2. Vitamin D deficiency was considered at serum level less than
20 ng/ml, suboptimal vitamin D levels were
considered between 21 and 39 ng/ml and optimal levels were more than 40 ng/ml [16].
Twenty five-OH Vit D deficiency was seen in
67% (66/98) breast cancer patients while 49%
(24/49) of the control group were deficient.
Suboptimal levels of 25-OH Vit D were seen in
22% (22/98) of the cases and 39% (19/48) of
control group (P value=0.193) (Figure 1).
Phosphorus was deficient in 8/98 (8%) and was
high in 17/98 (17%) of the breast cancer group
and 23/49 (47%) of the normal control group.
Deficient Mg levels were detected in 48/98
(49%) of the breast cancer patients and 2/49
(4%) of the control group. Regarding calcium
level, 45/98 (46%) and 65/98 (66%) of the
breast cancer patients showed low total calcium and ionized calcium levels, while 3/98 (3%)
and 2/98 (2%) showed elevated levels respectively. Twenty out of forty nine (41%) and 21/49
(43%) of the control group showed reduced
total calcium and ionized calcium levels respectively (Figure 2).
Correlation analysis between the studied
parameters in the breast cancer group is shown
in Table 3, while comparing the studied minerals with some prognostic factors in the breast
cancer group is shown in Table 4.
Int J Clin Exp Pathol 2015;8(4):4074-4082
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(OH) Vit D more than 50
ng/ml had a 50% lower
risk of breast cancer compared to those with serum
values less than 30 ng/ml
in various studies from the
developing world [17].

Figure 1. Different levels of 25-oh Vit D among the breast cancer and the control
groups. 1: Percentage of breast cancer patients with deficient Vit D levels. 2: Percentage of breast cancer patients with suboptimal Vit D levels. 3: Percentage of
breast cancer patients with normal Vit D levels. 4: Percentage of normal control
with deficient Vit D levels. 5: Percentage of normal controls with suboptimal Vit
D levels. 6: Percentage of normal with normal Vit D levels.

In this study, 25-OH Vit D
was deficient in (67% and
49.0%) of the breast cancer and the normal control
groups respectively with
the median level significantly lower in the breast
cancer group (P=0.044).
Similar results
were
reported by Imtiaz et al.,
and Pazdiora et al., [16,
18]. Imtiaz et al., [16] also
detected deficient levels in
95.6% of the 90 breast
cancer patients and 77%
of 90 age-matched healthy
females as a control group.
In this study, although deficient phosphorus levels
were detected in (8%) of
the breast cancer group
and elevated levels in (17%
and 47%) of the breast
cancer and the normal
control groups respectively; their levels were significantly lower in the breast
cancer group.

It has been suggested that
both high and low phosphate levels may influence
carcinogenesis. Elevated
phosphate levels may promote cancer development
by increasing cell proliferation [19], while increased
tumourigenesis has been
noticed in mice treated
with low dietary phosphate [20]. Possibly, the
dietary combination of low Ca and high P (i.e.,
Ca:P ratio of approximately 1:2) may be critical
in the development of some types of cancer
such as lung cancer [21]. We found that Ca:P
ratio was significantly higher in the breast can-

Figure 2. Percentages of breast cancer patients and normal controls showing
deficient levels of phosphorus, Mg, Ca and ionized calcium. 1: Percentage of
breast cancer patients with deficient phosphorus levels. 2: Percentage of normal controls with deficient phosphorus levels. 4: Percentage of breast cancer
patients with deficient Mg levels. 5: Percentage of normal controls with deficient
Mg levels. 7: Percentage of breast cancer patients with deficient Ca levels. 8:
Percentage of normal controls with deficient Ca levels. 10: Percentage of breast
cancer patients with deficient ionized Ca levels. 11: Percentage of normal control with deficient ionized Ca levels.

Discussion
Serum 25 (OH) Vit D concentrations as well as
treatment with vitamin D supplementation are
significant independent predictors of breast
cancer risk. Women with serum levels of 25
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Table 3. Correlation analysis between the studied parameters in the breast cancer group using Pearson’s correlation
25-OH Vit D
(20-40 ng/ml)
Mg (1.8-2.6 md/dl)

Mg
(1.8-2.6 mg/dl)

Phosphorus
(2.5-4.5 mg/dl)

Ca Total
Ionized calcium
(2.1–2.6 mmol/L) (1.15-1.35 mmol/L)

Parathormone
(10-70 pg/ml)

Ca:Mg ratio
(3.1-1)

r=-0.129 P=0.205

Phosphorus (2.5-4.5 mg/dl)

r=-0.069 P=0.497

r=0.141 P=0.165

Ca Total

r=-0.086 P=0.399

r=0.012 P=0.910

r=-0.208 P=0.040*

Ionized calcium

r=-0.035 P=0.731

r=-0.066 P=0.516

r=-0.308 P=0.002*

Parathormone

r=-0.113 P=0.277

r=0.0101 P=0.922

r=-0.0312 P=0.762

r=0.146 P=0.154

r=-0.0535 P=0.603

CA:Mg ratio (3.1-1)

r=-0.103 p=0.311

r=-0.577 p=0.001*

r=-0.415 p=0.001*

r=0.654 p=0.001*

r=0.519 p=0.001*

r=0.0643 p=0.532

Ca:P ratio (2.6:1)

r=-0.068 P=0.504

r=-0.004 p=0.973

r=-0.8 p=<0.001

r=0.408 p<0.001

*

r=0.334 p<0.001*

r=-0.014 p=0.889

r=0.374 p<0.001*

Age (years)

r=-0.029 p=0.778

r=0.0359 p=0.725

r=-0.123 p=0.228

r=-0.104 p=0.310

r=-0.158 p=0.120

r=-0.0846 p=0.410

r=-0.125 p=0.221

*

Ca:P ratio
(2.63:1)

*

r=0.607 P<0.001*

r=0.184 p=0.07

Significant. r=Correlation coefficient. Mg: Magnesium. Ca: Calcium.

Table 4. Comparative analysis between the studied minerals with some prognostic factors in the breast cancer group
25-OH Vit D3
(20-40 ng/ml)
LN involvement

Presence of metastasis

Grade

Menopausal status

Pathological type

Ionized calcium
( 1.15-1.35
mmol/L)

Parathormone
(10-70
pg/ml)

Mg (1.8-2.6
mg/dl)

PR

Ca:Mg ratio
(3.1-1)

Ca:P ratio
(2.63:1)

17.5 (9.3-22.8)

2.2 (2-2.4)

1.1 (1-1.15)

55.9 (42.2-81.2)

1.8 (1.6-2.1)

3.6 (3.1-4.1)

1.2 (0.94-1.4)

0.58 (0.49-0.83)

No ‘(N=51)

15.4 (8.9-30.4)

2.2 (1.8-2.3)

1 (0.9-1.1)

61.2 (42.3-98.7)

1.7 (1.5-2.1)

3.9 (3.4-4.4)

1.2 (0.9-1.5)

0.55 (0.44-0.64)

P-value

0.895

0.559

0.019*

0.569

0.605

0.064

0.795

0.121

Yes (N=16)

16.7 (11-22)

2 (1.9-2.2)

1.04 (0.98-1.08)

44 (34-63)

1.8 (1.6-2.1)

3.8 (3.5-4.4)

1 (0.9-1.3)

0.57 (0.49-0.74)

No (N=82)

14.6 (8.7-24.5)

2.2 (1.9-2.3)

1 (0.9-1.1)

60.4 (42-90)

1.8 (1.5-2.1)

3.8 (3.1-4.3)

1.2 (0.95-1.5)

0.52 (0.44-0.63)

P-value

0.624

0.089

0.942

0.034*

0.877

0.44

0.452

0.163

Grade 2 (N=89)

14.6 (8.8-25)

2.2 (1.9-2.3)

1.05 (0.9-1.1)

58.6 (39.8-87.9)

1.8 (1.6-2.1)

3.7 (3.2-4.3)

1.2 (0.92-1.4)

0.56 (0.46-0.68)

Grade 1&3 (N=9)

16 (8-20)

2.2 (2-2.3)

1.09 (0.96-1.1)

57 (48-72)

1.5 (1.4-1.9)

4 (3.3-4.5)

1.5 (1.1-1.7)

0.53 (0.48-0.70)

P-value

0.854

0.916

0.815

0.936

0.077

0.794

0.178

0.85

Premenopause (N=36)

16.4 (8.9-23.4)

2.3 (2-2.4)

1 (1-1.1)

57 (43-88)

1.7 (1.5-2.1)

3.7 (3.3-4.4)

1.3 (0.95-1.5)

0.58 (0.50-0.65)

Postmenopause (N=62)

14.7 (8.5-24)

2.2 (1.9-2.3)

1 (0.9-1.1)

58 (38-80)

1.9 (1.6-2.1)

3.8 (3.1-4.3)

1.2 (0.9-1.4)

0.54 (0.46-0.71)

P-value

0.900

0.236

0.587

0.87

0.35

0.456

0.245

0.614

IDC (N=83)

14.6 (8.7-24)

2.2 (1.9-2.3)

1 (0.95-1.1)

58 (41-87)

1.8 (1.5-2.1)

3.6 (3.1-4.3)

1.2 (0.9-1.4)

0.56 (0.47-0.70)

Other types (N=15)

17.5 (10-31)

2.1 (1.9-2.4)

1 (0.93-1.1)

58.4 (38-78)

1.7 (1.5-1.9)

4 (3.6-4.5)

1.2 (1-1.5)

0.52 (0.46-0.59)

P-value

0.474

0.992

0.628

0.79

0.642

0.186

0.746

0.291

Mg (1.8-2.6
mg/dl)

Phos (2.5-4.5
mg/dl)

Ca:Mg ratio
(3.1-1)

Ca:P ratio
(2.63:1)

25-OH Vit D3
Total Calcium
Ionized calcium
Parathormone
(20-40 ng/ml) (2.2 - 2.7 mmol/L) (1.15-1.35 mmol/L) (10-70pg/ml)

ER

Phos (2.5-4.5
mg/dl)

Yes (N=47)



*

Total Calcium
(2.2-2.7 mmol/L)

Positive (N=55)

14.5 (8.5-22)

2.2 (1.9–2.3)

1 (0.95–1.1)

55 (37–90)

1.8 (1.6-2.1)

3.8 (1-0.15)

1.2 (0.95-1.4)

0.58 (0.45-0.66)

Negative (N=43)

18 (9–36)

2.2 (2–2.3)

1 (0.94–1.1)

63 (44-83)

1.7 (1.5-2.1)

3.7(1-0.15)

1.2 (0.9-1.8)

0.55 (0.49-0.72)

P-value

0.120

0.718

0.747

0.413

0.620

0.846

0.447

0.728

Positive (N=49)

13 (7.5-20)

2.2 (2-2.3)

1 (0.96-1.1)

57 (38-88)

1.7 (1.5-2.1)

3.6 (3.3-4.3)

1.2 (0.95-1.4)

0.58 (0.48-0.68)

Negative (N=49)

18 (9-32)

2.2 (1.9-2.3)

1 (0.93-1.1)

60 (43-85)

1.8 (1.6-2.1)

3.8 (3.2-4.3)

1.2 (0.9-1.5)

0.55 (0.47-0.58)

P-value

0.048*

0.761

0.809

0.765

0.792

0.508

0.534

0.854

Significant. Median and interquartile range in parenthesis. LN: Lymph node. IDC, Invasive duct carcinoma; Mg, Magnesium; Phos, Phosphorus; ER, Estrogen receptor; PR, Progesterone receptor.
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cer group compared to the normal control
group which might be explained by the low
phosphate levels in our breast cancer patients.
In contrast, Usoro et al., [22], found no significant difference in the inorganic phosphate levels between the breast cancer and the control
groups.
In their study done on risk of cancer in the
Swedish AMORIS, Wulaningsih and co-workers,
[23] found a higher overall cancer risk with
increasing phosphate levels in men , and a negative association in female breast and endometrial cancers. They explained that through the
negative regulation of circulating phosphate by
the increased estrogen levels both directly and
via modulation of PTH levels [24]. Since Vit D
and PTH regulate phosphate metabolism, it is
suggested that they are both also related to
cancer incidence [25], and correspondingly
their abnormal levels may be responsible for
the association between phosphate and cancer risks.
It seems that Mg both influences and is influenced by the process of carcinogenesis.
Carcinogenesis causes magnesium mobilization through blood cells and magnesium depletion in non-neoplastic tissue. And at the same
time, Mg deficiency seems to be carcinogenic.
It has been found that supplementation of a
high level of magnesium inhibits carcinogenesis in case of solid tumors [26].
This is supported by the findings in this study.
Magnesium was found to be deficient in (49%)
of the breast cancer patients and in (4%) of the
control group. Magnesium levels were significantly lower in the breast cancer group
(P<0.001) which is in agreement with Atoe et
al., [27], and Sartori et al., [28] who found that
serum Mg was significantly lower in the breast
cancer compared to the control group and contradictory to the findings by Arinola et al., in
Nigeria who reported slight hypermagnesaemia
in breast cancer patients [29]. Also, Al Deleemy
et al., [30] found no significant difference when
comparing Mg levels between the breast cancer and the control group (P>0.05).
Calcium is involved in many cellular process
including those involved in the process of carcinogenesis, as gene transcription, cell motility,
angiogenesis
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Calcium regulates various cellular processes,
including those relevant to tumorgenesis, such
as cell motility, angiogenesis, gene transcription, apoptosis and proliferation. The intracellular calcium signaling is implicated in invasion
and extracellular calcium is associated with
bone metastasis [31].
Hypocalcemia may be implicated in malignancy
as resistance to apoptosis is accompanied by
reduction in the calcium content of the lumen
of the endoplasmic reticulum [32]. On the other
hand, the presence of hypercalcemia in cancer
patients confers a poor prognosis. Depending
on the type of malignancy, hypercalcemia can
result from production of circulating factors
that stimulate osteoclastic resorption of bone,
direct invasion of bone due to metastatic disease, or increased production of calcitriol
which stimulates gastrointestinal absorption of
calcium [33].
It seems that the serum levels of ionized calcium is more important than those of total calcium in breast cancer patients. In this study,
(46%) and (66%) of the breast cancer patients
showed low total calcium and ionized calcium
levels, while (3%) and (2%) showed elevated levels respectively. Reduced total calcium and ionized calcium levels were detected in (41%) and
(43%) of the control group respectively.
The serum levels of total calcium didn’t show
any difference between both groups, while ionized calcium was significantly lower in the
breast cancer group.
In contrast, the level of calcium in serum of
breast cancer women was found by Al deleemy
et al., [30] to be significantly higher than the
control group (P<0.001). Similar results have
been reported by other investigators [22].
We suggest that the low levels of ionized calcium might contribute to the process of carcinogenesis, while the elevated calcium levels
among breast cancer patients is more likely to
be a result rather than a cause of cancer.
Vitamin D deficiency is associated with secondary hyperparathyroidism which results in
increased bone resorption and release of calcium from bones [10]. In this study, parathormone was found to be higher in the breast cancer group with no statistical significance.
Int J Clin Exp Pathol 2015;8(4):4074-4082
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Ca:Mg ratio was also found to be significantly
higher in the breast cancer group compared to
the normal control group (P<0.001). This can
be explained by the lower Mg levels in the
breast cancer compared to the normal control
group in our study.
There is a negative feedback system that regulates the relation between calcium and magnesium levels in the body through competition for
renal reabsorption and intestinal absorption
[34], so the levels of individual calcium or magnesium may not be as clinically important as
the ratio between both elements, as each element might modify the activity of the other.
Statistically significant although weak negative
correlation was noticed between levels of phosphorus and all of calcium, ionized calcium, and
calcium magnesium ratio. There was a negative
though non-significant correlation between Mg
and ionized calcium.
It is postulated that a decrease in serum Mg
could decrease Mg levels inside the cells, which
will lead to a decrease in Mg-ATP levels. This
leads to an increase in Ca influx, which will
increase Ca-ATP levels in the cells, which along
with an increase in Ca influx could inappropriately activate Ca dependent cell proliferation,
thereby leading to cancer [35].
In this study, negative correlations were detected between 25 (OH) Vit D and parathormone,
calcium, and phosphorus, although didn’t reach
statistical significance.
Parathormone has dual role in regulating serum
calcium level. When dietary calcium is insufficient, calcium is derived from the skeleton
through osteoclast-mediated bone resorption
which is stimulated by the hormonal form of
vitamin D under the influence of PTH. Furthermore, the presence of both 1,25-(OH)2D3
and PTH is required for the renal reabsorption
of calcium in the distal tubules [36].
Phosphate enhances PTH synthesis through
post-transcriptionally stabilizing PTH mRNA,
and PTH reduces serum phosphate by decreasing the abundance of type 2a and 2c sodium–
phosphate co transporters [37].
Regarding the different prognostic factors of
breast cancer, only ionized calcium showed sig-
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nificant result with lymph node metastasis (P=
0.019), parathormone with distant metastasis
(P=0.034) and PR status with 25-OH Vit D (P=
0.048).
Parathormone may be associated with distant
metastasis due to its carcinogenic effects such
as regulating angiogenesis and osteoclastogenesis in bone metastasis by breast cancer
cells [38].
Coman, [39] suggested that the decreased
adhesiveness of the malignant cells might be
due to decreased calcium content.
Consistently, the tumor characteristics of the
breast cancer patients (histology, grade, stage,
and receptor status) did not show any significant associations with serum levels of vitamin
D in a study by Imtiaz et al., [16].
In some other studies, breast cancer patients
with worse prognostic markers (ER- and triplenegative), a more aggressive molecular phenotype (basal-like), and high recurrence risk were
found to have lower mean 25-OH vitamin D levels [40].
In conclusion, based on the findings in this
study, especially low levels of Vit D and other
tested minerals in the breast cancer compared
to the control group, we can conclude that deficient levels of Vit D and other minerals may
contribute to the process of carcinogenesis
among the breast cancer patients. Putting into
consideration that the normal control group
showed also deficient levels of Vit D and the
other tested minerals, this leads us to the
assumption that it is not the deficiency of a
single parameter that might led to cancer, but it
is the combination of the abnormal levels of all
the studied parameters that contributed to the
development of cancer. From all the studied
parameters, the frequency of Mg deficiency
was the greatest among the breast group when
compared to the control group, which might
suggest an important potential role of Mg
deficiency in the development of breast cancer.
Further studies with larger sample sizes are
needed to confirm and validate these results.
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