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Abbreviations: ISS, international staging system; MM, 
multiple myeloma; DXA, dual energy X-ray absorptiometry; ASCT, 
autologous stem cell transplantation; PTH, parathormone; BDT, bone 
densitometry; IMWG, international myeloma working group; BPs, 
bisphosphonates; ZOL, zoledronic acid; PAM, pamidronate; ABMT, 
autologous bone marrow transplantation

Introduction
Vitamin D [1.25-dihydroxyvitamin D;1.25(OH) 2D3;vit D] 

has multiple functions in cellular proliferation, differentiation, 
angiogenesis inhibition and apoptosis stimulation in addition to main 
role in skeletal system metabolism. The lytic lesions, hypercalcemia, 
compression fractures, and the related pains are commonly seen 
related to bone resorption in multiple myeloma (MM).1 The main 
source of vit D is natural sunlight, and the main reason of vit D 
deficiency is inadequate exposure to sunlight. Obesity, insufficient 
dietary intake, malabsorption, some drugs (such as anticonvulsant 
drugs and disorders that increase the metabolism of the vitamin, such 
as lymphoma and hyperthyroidism that causes also a tendency for vit 
D deficiency.2,3 The development and poor prognosis of various solid 
cancers, such as prostate and breast cancers have also been reported to 
be associated with lower serum vit D level-1. Similarly, some articles 
have reported a relationship between MM and vit D deficiency, a 
poor prognosis in MM cases with lower vit D level, and increased 
MM incidence in places with less sunlight.4,5 Some other studies have 
demonstrated a relationship between vit D deficiency and skeletal 
system complications developing in patients diagnosed with MM.6 
Administration of 800 units of vit D3 (cholecalciferol) together with 
100 mg of calcium ion under close monitoring of the serum calcium 
is recommended for subjects with vit D deficiency or inadequacy, if 
there is no hypercalcemia.7

The vitamin D deficiency rate has been shown to increase further 
in the advanced stages of MM. A study has investigated the serum 
vit D level in the first 15days of newly diagnosed MM patients, and 
evaluated its relationship with disease stage. Patients with low vit D 
levels were reported to have a more advanced stage of MM, higher 
CRP and creatinine levels, lower albumin levels in addition to more 
advanced International Staging System (ISS) stages. They reported 
that the amount of vit D deficiency increased in parallel with the 
higher ISS stages (vit D deficiency rate of 16% in Stage I, 20% in 
Stage II, and 37% in stage III).5 Our primary aim in this study was 
to determine the vit D deficiency and its relationship with the stage 
of MM as we had not come across any previous publication. Our 
secondary aims were to determine the relationship between vit D 
deficiency and ISS stages, the mineral density loss, bone fractures and 
autologous stem cell transplantation, and finally to determine whether 
a relationship was present between the vit D level and the number 
of different chemotherapy regimens used an indirect indicator of the 
disease stage.

Patients and methods
In this retrospective study, patients who were diagnosed with 

MM and followed up as an outpatient at the hematology department 
between the 6th and 12thmonth of 2014 were screened in terms of vit 
D level in the blood. After informed consent was obtained from the 
patients, the patient information and test results were retrospectively 
obtained from the patient charts and computer records. We analyzed 
the hemogram, biochemical tests, serum immunoglobulins, serum/
urine immunofixation electrophoresis and many other tests and also 
the results of the bone marrow aspiration and biopsy obtained during 
the diagnosis and treatment processes together with the informative 
material necessary for the study. The vit D level and the reports of 
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Abstract

Objective: It was aimed to evaluate Vitamin D deficiency and its relationship with 
chemotherapies, autologous stem cell transplantation, bone density, and fractures in 
patients with MM in this study.

Patients and method: In this retrospective study, patients who were diagnosed with 
MM and followed up at the hematology department between June 2014 and December 
2014 were evaluated in terms of vit-D level in the blood, retrospectively.

Results: Of 31patients with MM, 19 cases were male. The median age was 63 
(Range:49-90years). The mean vit-D level was 11.9±7.6ng/ml, and was low in 20 
of 33cases (93%). The vit D level was significantly lower in cases whom a greater 
number of chemotherapy cycles was administered (p=0.033). There was no statistically 
significant relationship between blood vit D level and bone fracture development 
(p=0.55), DEXA results (p=0.703), International Staging System (ISS) stage, and 
whether ABMT had been performed or not (p=0.752).

Conclusion: Osteoporosis, osteonecrosis and fracture are more observed in MM 
patients in relation with low vit D level in the blood that is more common in advanced 
age and corticosteroid use.
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imaging methods such as x-ray or CT/MR up to the period of bone 
densitometry (lumbar/femoral) records were evaluated whether there 
was any fracture as the most severe skeletal system morbidity until 
that time. We used the “2011 Guide for the evaluation and treatment 
of vitamin D deficiency in clinical practice” of the International 
Endocrine and the reference ranges in the current publications as 
our reference for the serum vitamin D levels in our study.5 The guide 
states that a vitamin D value of less than 20ng/ml (50nmol/L) is vit 
D deficiency, 21-29ng/ml (52.5-72.5nmol/L) is the Vit D inadequacy 
and 30ng/ml and over is adequate (normal). We excluded patients who 
had a disorder or medication use that could influence the vit D level 
(chronic kidney failure, anticonvulsant drugs, and regular vitamin D 
treatment).

We used ISS as the prognostic score at the time when MM patients 
underwent vit D and bone densitometry tests. In this score system, if 
albumin over 3.5mg/dl and β2 microglobulin under 3.5mg/dl is stage 
I, albumin under 3.5mg/dl and β2 microglobulin over 3.5mg/dl is stage 
II and β2 microglobulin over 5.5mg/dl is stage III. The ISS score at 
the time of the tests, the treatments that patients had received, history 
of autologous stem cell transplant, and the remission status of the 
patient was recorded. The bone mineral density measurements of our 
patients were performed by the Dual Energy X-Ray absorptiometry 
(DXA) method as a gold standard. There is an inverse relationship 
between BMD and fracture risk. The Z score is interpreted according 
to the T score in this technique. As the T score is more valuable and 
more commonly used, we therefore interpreted the values by T score. 
Each standard deviation in this measurement is known to increase the 
fracture risk three times. We interpreted the T score according to the 
WHO recommendations as follows: T-score >1 normal, -1> T-score 
>-2.5 osteopenia, i.e. the risk group, T score <-2.5 osteoporosis, i.e. 
the high risk group.8 We similarly used the age-adjusted densitometry 
results of the femur and lumbar region for our bone densitometry 
analysis. If the T score is ≥-2.5, it was defined as osteoporosis, from 
-1.5 to -2.5 defined as osteopenia, and<-1.5 defined as normal bone 
density in our study. We also evaluated whether vit D deficiency was 
correlated with an increased number of chemotherapy session. We 
classified the patients as a group I including patients who had received 
0 to 2 chemotherapy cycles, and group II including those who had 
received 3 to 5 chemotherapy cycles.

Statistical methods

The SPSS 15.0 Windows software was used for the statistical 
analysis of the results. Descriptive statistics were presented as 

numbers and percentages for categorical variables and mean, standard 
deviation, minimum and maximum for numerical variables. For the 
comparison of two independent groups, Student’s t-test was used 
if normal distribution was present; otherwise the Mann-Whitney U 
test was used. Comparison of more than two groups was analyzed by 
the Kruskal-Wallis test if the normal distribution condition was not 
met. Subgroup analyses were performed with the Mann-Whitney U 
test for nonparametric variables applying the bonferroni correction. 
The inter-group rates of categorical variables were tested with Chi-
Square analysis. The relationship of ordinal variables with numerical 
variables was analyzed with Spearman’s correlation analysis. The 
alpha significance level was accepted at p<0.05.

Results
We evaluated a total of 31 MM patients with a mean age of 

63.7±10.5(49-90) to the study and consisting of 19 males (61.3%), 
retrospectively. Myeloma-related clinical findings (CRAB) were 
present, and chemotherapy had been administered to almost all 
patients at the time of diagnosis. Only one case was followed-up 
without treatment with a diagnosis of smoldering myeloma. Two 
of these 31 cases under follow-up have died due to disease-related 
complications in the last three months. The mean vitamin D level of 
all patients was 11.9±7.6ng/ml. The vit D level was normal in one 
case (3.2%), inadequate in one case (3.2%), and deficient in other 
cases (29/31, 93.5%). There was no statistically significant difference 
between the vit D levels and general features of the gender groups 
(Table 1). Vit D values were 19.7ng/ml in five patients with stage-I, 
9.7ng/ml in 11cases with stage-II, and 10.9ng/ml in 15 cases with 
stage-III. There was no statistically significant difference between 
the vit D levels and stages of the patients (Table 2). The mean vit D 
level statistically significantly lower in group I 15.6±9.4ng/ml than 
9.1±4.8ng/ml in group II (p=0.033; Table 3). There were recorded 
one or more fractures in 12(38%) patients. The vit D level was no 
statistically significant different in those with a fracture (9.9±4.6ng/
ml) and in those without fracture (13.2±8.9ng/ml; p=0.556; Table 4). 
The fracture was recorded in 17(58%) of the cases with severe vit 
D deficiency. The bone density measurement (DEXA), which could 
be performed in 28cases, revealed osteoporosis in 16cases (57%), 
osteopenia in six cases (21%), and normal finding in the rest. There 
was no statistically significant relationship between DEXA results 
and vit D levels (p=0.703; Table 5). The vit D levels of patients who 
had undergone autologous stem cell transplantation (ASCT) were 
no statistically significant difference compared to cases that had not 
undergone to ASCT (p=0.752; Table 6).

Table 1 General features and results of Multiple Myeloma cases where the vit D level had been determined

Total
N(%)

Female
N(%)

Male
N(%) P

Age* 63(49-90) 65(53-90) 61(49-81) 0.168

MM type
Smoldering 1(3.2) 1(8.3) 0(0.0)

0.387
MM 30(96.8) 11(91.7) 19(100)

Stage

1 5(16.1) 2(16.7) 3(15.8)

0.8822 11(35.5) 5(41.7) 6(31.6)

3 15(48.4) 5(41.7) 10(52.6)

Vitamin D Level*(ng/ml) 11.9±7.6(4.5-41) 11.9±7.6(4.5-41) 10.3±6.8(4.6-26)

Vitamin D

Normal 1(3.2) 0(0.0) 1(5.3)

0.64Inadequate 1(3.2) 1(8.3) 0(0.0)

Deficient 29(93.5) 11(91.7) 18(94.7)
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Total
N(%)

Female
N(%)

Male
N(%) P

DEXA result

Normal 6(21.4) 4(36.4) 2(11.8)

0.25Osteopenic 6(21.4) 1(9.1) 5(29.4)

Osteoporotic 16(57.1) 6(54.5) 10(58.8)

Fracture presence 12(38.7) 5(41.7) 7(36.8) 1

Number of CT**

01-Feb 13(43.3) 4(33.3) 9(50.0)

0.45203-May 16(53.3) 7(58.3) 9(50.0)

None 1(3.3) 1(8.3) 0(0.0)

Transplant(ABMT)
No 16(51.6) 8(66.7) 8(42.1)

0.183
Yes 15(48.4) 4(33.3) 11(57.9)

Recurrence
Recurrence 14(45.2) 7(58.3) 7(36.8)

0.242
Remission 17(54.8) 5(41.7) 12(63.2)

*Median(min-max)

** CT, chemotherapy

Table Continued....

Table 2 Vitamin D level and international staging system (ISS)

International staging system(ISS)

1 2 3
p

n % n % n %

Vit D

Normal 1 20 0 0 0 0

0.449Inadequacy 0 0 0 0 1 6.7

Deficiency 4 80 11 100 14 93.3

Vitamin D Level

Mean± 
SD Minimum Maximum

STAGE

1 19.7±12.2 10.7 41

0.1072 9.7±5.1 4.5 18

3 10.9±6.1 4.6 26

Table 3 Vitamin D Level and chemotherapy status of patients

Vitamin D level

Number of CT* Mean± SD Minimum Maximum p

01-Feb 15.6±9.4 4,8 41

0.03303-May 9.1±4.8 4.5 17.5

None 13.5

*CT Chemotherapy

Table 4 Vitamin D level and fracture status of patients

Vitamin D level

Fracture Mean±SD Minimum Maximum p

Present 13.2±8.9 4.5 41
0.556

Absent 9.9±4.6 4.8 16.2

Table 5 Vitamin D level and dexa status of patients

Vitamin D level

DEXA Mean±SD Minimum Maximum p

Normal 10.2±5.4 4.5 18

0.703Osteopenic 16.1±13.5 4.8 41

Osteoporotic 9.6±4.1 4.6 16.2

Table 6 Vitamin D level and transplant/ disease status of patients

Vitamin D level

Transplant 
status(ABMT) Mean±SD Minimum Maximum P

No 11.4±6.0 4.8 26
0.752

Yes 12.4±9.2 4.5 41

Disease Status

Recurrence 10.1±6.4 4.6 26
0.275

Remission 13.4±8.4 4.5 41

Discussion
Vitamin D plays a key role in the development of the skeletal 

system in addition to calcium and phosphorus homeostasis. 
Vitamin D deficiency leads to rickets in children and osteomalacia 
in adults.9 Osteoporosis is a skeletal system disease where the bone 
mass decreases and there are changes in the microstructure causing 
a tendency to fracture. The reason is usually aging, the menopause 
and steroid use.10 Osteomalacia is usually together with osteoporosis 
in later years. Vitamin D plays a role in the mineralization of the 
bone organic matrix, so its deficiency leads to bone resorption and 
osteoporosis due to parathormone (PTH) stimulation. Aging also 
decreases the bone density, and increases the fracture risk. The 
reported vitamin D deficiency incidence is 30% of the population, 
and increases further with aging. In MM patients, the intensive and 
long-term steroid use as a part of treatment causes decreased bone 
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density, osteoporosis and skeletal system morbidity.11 Patients, who 
have an osteoporosis-related chronic disease, history of long-term 
corticosteroids (more than 7.5mg per day for 6months), and over the 
age of 50years, should be investigated for osteoporosis with imaging 
tests. The measurements of vit D level and bone densitometry (BDT) 
are recommended in patients with osteopenia and/or a vertebral 
deformity. There is an inverse relationship between bone densitometry 
results and the fracture risk. Every decrease in the bone density has 
been reported to increase the fracture incidence 2-3 times.12,13 Most of 
our patients were over 50years old, and we used to evaluate the mean 
value of T scores for the femur and lumbar vertebrae, as the WHO 
recommended for patients older than 50years.14

The vit D values of the cases were lower when compared with the 
literature.15 Vit D deficiency rates were reported of 16-37% in MM 
patients, and increasing correlated with increasing ISS stages.5 The 
pre-Autologous Bone Marrow Transplantation (ABMT) vit D levels 
of MM patients were reported to be low (25-OH-D <20ng/ml) in 
68% of the cases.15 The vit D levels of our cases in ISS stages II and 
III that is related to poor prognosis were lower consistent with the 
reported levels. However, the lack of statistical significance is more 
likely to be related to fewer patients than other reported studies, and 
also the dynamic nature of ISS staging that decreases to stage I with 
chemotherapy or increases to stage III with relapse at the time of the 
vit D measurement. Low levels of vit D have been reported in MM 
patients with hypercalcemia just like those with normo/hypocalcemia. 
Lawson et al. have evaluated serum vit D levels in 25MM patients 
older than 50years, and found that the vit D level was frequently low 
in both hypercalcemic and hypocalcemic cases, i.e. it was independent 
of the blood calcium level.16

It has also been reported that vit D deficiency could be 
responsible for the frequent musculoskeletal pains in MM patients 
and that these symptoms may be ignored as they are thought to be 
due to the patient’s disorder. A 63-year-old MM patient receiving 
bortezomib suffered frequent musculoskeletal pains and falls, and 
the tests revealed osteomalacia with a very low blood vit D level 
at 20nmol/L. The symptoms recovered markedly within 4months 
with vit D replacement.10 This indicates that vit D plays a major 
role in the musculoskeletal system pains in MM patients, and these 
symptoms could resolve with vit D replacement. Vit D deficiency 
should therefore be investigated in patients with such complaints.17 
The fact that most of our MM patients were over the age of 50years 
(mean age 60years) and the further decrease in vit D levels with age 
could increase MM-related bone complications. Such investigations 
are therefore all the more important in decreasing the bone-related 
complications that can develop in MM patients of advanced age. 
The bones and the kidneys are the two main target organs in MM 
in terms of serious morbidity. The main pathophysiological reason 
of the bone morbidity in MM is the increased osteoclastic activity 
and the osteoporosis that is seen concurrently with complications, 
such as bone fractures. Bisphosphonate group drugs are therefore 
administered for approximately two years as preventive treatment.

The 2013 recommendations of the International Myeloma 
Working Group (IMWG) for the treatment of bone disorders related 
to MM include the use of bisphosphonates (BPs), regardless of 
whether osteolytic lesions are present in conventional X-rays, as part 
of the treatment in all MM patients at the time of diagnosis. Among 
the bisphosphonates, intravenous (IV) zoledronic acid (ZOL) or 
pamidronate (PAM) are primarily suggested as they have been shown 
to have an anti-myeloma effect, while oral clodronate is recommended 

as a second step, if these cannot be used due to nephrotoxicity or other 
reasons. These drugs are administered once every 4weeks as long as 
the disorder is active. They can be stopped after approximately 2years 
of use, if there is full response or very good partial response. Re-
administration of those drugs is recommended, if there is recurrence.18 
The vit D, calcium, phosphate, magnesium and albumin levels and 
the renal functions should be evaluated before bisphosphonate use 
in malignant disorders.19 It is especially important to choose the 
bisphosphonate dose and type properly due to the nephrotoxicity risk. 
All our patients received bisphosphonate treatment, with 26 receiving 
‘zoledronic acid’ and 5 ‘Clodronate hydrochloride’. Bisphosphonate 
use may cause an increased incidence of symptomatic hypocalcemia 
and related symptoms, especially when vit D deficiency is present. 
Various articles suggest checking the vit D level in patients with 
hypocalcemia due to bisphosphonates, and replacing it if it is 
necessary.20 We therefore administered combination of oral calcium/
vit D preparations for our patients found to have vit D deficiency and 
routinely checked the serum calcium levels especially before monthly 
intravenous bisphosphonate administration. Hypocalcemia was found 
in three of our patients, and the vit D levels of these cases were 
very low (<10ng/ml). The clinical and laboratory values recovered 
following calcium/vit D replacement. Studies have also shown that 
administration of 800IU (20mcgr) vit D and 1200mg calcium daily 
to patients in covered institutions decreases the risk of falls and 
fractures.21

Tooth extraction while using nitrogen-containing bisphosphonates 
increases the risk of jaw osteonecrosis A study has reported a jaw 
osteonecrosis development risk of 66% in the rat animal model with 
vit D deficiency while receiving zoledronic acid, 14% in those with 
a normal vit D level and receiving zoledronic acid treatment, and 0% 
in the control group with vit D deficiency. This study indicates that 
vit D may play a role in preventing osteonecrosis development in 
MM cases.22 We also found in this study that vit D deficiency was 
more frequent and more marked in patients who had received a large 
number of (different) chemotherapy regimes, an indirect indicator 
of a refractory disorder. The vit D deficiency is more marked in the 
later stages of the disorder. The medication, less exposure to sunlight 
because of the disorder, a vit D poor diet, or the inability to ingest diet 
with adequate vit D could be reasons.

ABMT had been performed in some (48%) of the patients 
where vit D had been measured and we found no difference when 
the levels were compared with patients who had not undergone 
ABMT (p=0.752). Another article has reported checking the serum 
vit D levels and biochemical parameters related to bone metabolism 
(serum calcium,25-OH-D, PTH 1-84, bone alkaline phosphatase, 
serum C-terminal cross-linking telopeptide and lumbar vertebra 
bone mineral density) before and 12months after transplantation 
in 39 MM patients who had undergone autologous stem cell 
transplantation. The vit D level was <20ng/ml in 66% of the cases 
indicating vit D deficiency while the vit D deficiency rate 12months 
after transplantation was 58% and there was no difference regarding 
bone production parameters.15 Treating the present osteoporosis in 
patients with fractures is quite important to prevent potential future 
fractures. It has been reported that patients without MM who have 
suffered a bone fracture due to osteoporosis have a secondary factor 
causing bone loss in 80% of the cases and that the most common ones 
are aging and vit D deficiency (61%).23 Similarly, our patients were 
aged and almost all had vit D deficiency with bone mass loss in 78% 
(osteoporosis in 57%, osteopenia in 21.4%) and the mean vit D level 
in the cases with osteoporosis was markedly low at 9.6ng/ml. These 
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indicate that vit D deficiency and bone mineral density should be 
investigated in the elderly and at risk patients and suitable treatment 
recommended according to the results in addition to bisphophonate 
treatment to prevent the bone complications and recurrent fractures 
in MM. 

Osteoporosis-increasing factors, such as vit D deficiency, should 
be investigated and treated to prevent recurrence in patients with a 
fracture. Bisphosphonate treatment is an effective measure to prevent 
recurrence.24 It has recently been reported that the proteasome inhibitor 
bortezomib stimulates osteoblastic differentiation and modifies vit D 
signals through the blockage of proteosomal degradation via the vit 
D receptor although the mechanism is not fully known. Experimental 
studies have shown disturbed differentiation of osteoblastic 
progenitors related to vit D in the presence of myeloma cells, and an 
increase has been found in the moderate osteoblastic differentiation-
related molecules with bortezomib treatment. It was noticed that this 
became more marked when vit D was added. This study has stated that 
adding vit D to the treatment is essential for optimal bone formation to 
occur in patients receiving bortezomib.25

Conclusion
Decreased concentration of Vitamin D (1.25(OH) 2D3) can affect 

tumor metabolism in addition to the skeletal system. A low vit D 
level has been found in 20-60% of the MM patients in the literature 
and 96.7% in our study indicating that vit D deficiency should be 
investigated and replaced by monitoring the blood calcium level 
to decrease the bone complications of MM, to produce a beneficial 
effect on tumor metabolism, and to increase the potential osteoblastic 
activities of chemotherapeutics, such as bortezomib, especially in 
patients at an advanced age and with a high risk of bone fracture as it 
is one of the reversible risk factors. Prospective studies with a larger 
number of patients and better design are needed to clarify which 
patients require a vit D level and BMD evaluation and treatment as it 
will be possible to elucidate the relationship between the blood vit D 
level and the prognosis and complications of the disorder in this way.
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