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Abstract 
Background: The purpose of this study was to investigate efficacy of high dose vitamin D in improving left 
ventricular ejection fraction (LVEF) in thalassemia patients with heart failure and vitamin D deficiency.  
Materials and Methods: This clinical trial study was conducted on 16 chronically transfused thalassemia 
patients and ventricular dysfunction with vitamin D deficiency between December and Jun 2018 in Thalassemia 
clinic, Tabriz Children Hospital. Mean age of the patients was 11.15 ± 3.61 years ranged from 8 to 18 years old. 
A serum 25-hydroxy vitamin D3 (25-OHD3) level less than 30ng/dl was considered vitamin D deficiency in this 
study. LVEF less than 55% was indicated as poor pump function. The patients received 50,000 IU of vitamin 
D3 weekly for 8 weeks. Data on LVEF and serum 25-OHD3 were compared before and after completing the 
treatment. Moreover, adverse effects were recorded during the study. 
Results: Means of serum 25-OHD3 levels, before and after the study, were 13.10±5.91ng/ml and 
51.03±4.31ng/ml, respectively (p=0.01). Means of LVEF were13.10±5.91% and 50.27±11.93% before and after 
the study, respectively (p=0.03). Means of serum ferritin levels were 3913±2229 ng/ml (ranged from 1246 
to11000ng/ml). Mean of cardiac magnetic resonance imaging (MRI) T2* of the patients was 11.51±5.34ms. 
Serum parathyroid hormone (PTH) levels of the patients decreased from the beginning of the study to the end of 
the eighth week (94.28 ± 18.35 vs 43.66 ± 17.31ng/ml) (p=0.03). There was a positive correlation between mean 
of serum 25-OHD3 level and cardiac MRI T2* parameter at the beginning of the study (r=0.001). There was a 
positive correlation between in the increase of mean serum 25-OHD3 and LVEF percent at the end of study 
(r=0.001). 
Conclusion: Results showed that vitamin D3 was effective and safe in improving LVEF and cardiac 
dysfunction in transfusion-dependent thalassemia patients with vitamin D deficiency.  
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Introduction 
Despite the increasing awareness about the 
use of dairy products enriched with 
vitamin D, vitamin D deficiency and its 
potential complications remain a health 
issue in today's world (1, 2). In 
transfusion-dependent thalassemia 
patients, metabolic needs during the 
disease and the rise in iron levels 
following frequent transfusions, along with 
the high global prevalence of vitamin D 
deficiency, further increase the prevalence 
of vitamin D deficiency complications (2-
9).  

Vitamin D receptors are found in all body 
tissues and have a major role in the 
regulation of total calcium hemostasis (8, 
9). In thalassemia patients, clinical 
symptoms of vitamin D deficiency are 
often mistaken for the symptoms of 
chronic anemia or complications of iron-
overload treatments (10). Reduced back 
and joint pains, increased muscle strength, 
and improved osteopenia after treatment of 
vitamin D deficiency in transfusion-
dependent thalassemia patients have been 
reported in several studies (8-12). 
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Significant relationships have been 
established between low serum 25-OHD3 
levels and cardiac dysfunction, muscle 
weakness, refractory heart failure, and 
insulin-secretion dysfunction (13-16). 
Frequent transfusions and hemolysis over 
time lead to iron overload and iron 
deposition in the tissues of transfusion-
dependent thalassemia patients (3, 10, 13). 
Deposition of non-transferrin bound iron 
(NTBI) in the myocardial tissue and the 
resultant cardiac hemosiderosis are the 
main causes of mortality in thalassemia 
patients (3, 10, 13, and 17-21). 
Accumulation of iron also disrupts vitamin 
D synthesis by disrupting hydroxylation 
processes (3, 10, 13). 
Increased parathyroid hormone (PTH) 
levels secondary to vitamin D deficiency 
and the role of L-type voltage-dependent 
calcium channels (LVDCC) in promoting 
NTBI entry into myocardial cells 
according to recent studies have assumed a 
more significant part in the onset and 
progress of heart failure in thalassemia 
patients (13, 14, 22).  
The present clinical trial study was 
conducted in collaboration with the Iranian 
Thalassemia Society (East Azerbaijan 
Provincial Office) and with support from 
the Health Research Center of Tabriz 
University of Medical Sciences to assess 
the importance of vitamin D deficiency 
treatment in improving the cardiac 
function and LVEF in transfusion-
dependent thalassemia patients. 
 

Materials and Methods 
The present clinical trial study was 
conducted over 6 months (from December 
to Jun 2018) on eligible transfusion-
dependent thalassemia patients. Following 
the approval of the project proposal by the 
Research Deputyship of Tabriz Medical 
science University (Code of 
ethics:IR.TBZ.MED.REC.1396.1287) and 
registration at the Iranian Clinical Trials 
site (Code:IRCT20150618022805N2), a 
total of 153 transfusion-dependent 
thalassemia patients based on the 

Thalassemia Society Records were 
screened according to our defined 
inclusion criteria. 
The data were recorded by a skilled 
collaborator from the Thalassemia Society 
in all the stages of the present study. The 
study objectives were fully explained to all 
the participating patients or parents, and 
the consent was expressed to cooperate in 
the study.  
Systematically, all transfusion-dependent 
thalassemia patients undergo liver, kidney, 
and serum ferritin tests once every 3 
months. Additionally, the cardiac function 
is monitored annually using 
echocardiography and cardiac MRI T2* 
(23-28). At the request of the cardiologist; 
however, the interval between these 
cardiac assessments may be shorter in 
some patients with cardiac hemosiderosis.  
In the current study, the resting left 
ventricular ejection fraction (LVEF) was 
considered as an indicator of left 
ventricular function. The LVEF is 
currently accepted and recommended by 
the American College of 
Cardiology/American Heart Association 
(ACC/AHA) as the preferred method for 
the noninvasive assessment of the cardiac 
function (23).  
All the patients underwent 
echocardiography at study 
commencement, and an LVEF equal to or 
greater than 55% was considered normal 
(23). Based on the current standards and 
via cardiac MRI T2*, the patients were 
categorized into 3 risk groups: severe 
hemosiderosis (T2* values <10 ms), 
moderate hemosiderosis (T2* values = 10–
14 ms), and mild hemosiderosis (T2* 
values = 15–20 ms) (25). Up-to-date 
cardiac MRI T2* data were extracted from 
the patients' clinical records. 
Serum 25-OHD3 level formed the basis of 
vitamin D assessment in the present study 
(29, 30). In most transfusion-dependent 
thalassemia patients, serum 25-OHD3 is 
measured annually. In the present study, a 
serum 25-OHD3 level below 20 ng/mL 
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was considered deficient and between 20 
and 29 ng/mL inadequate (31). 
Inclusion Criteria 

1. Transfusion-dependent β-
thalassemia major or intermediate 
patients with regular monthly 
transfusions 

2. Aged  ≤ 18 year old 
3. Minimum of 1 year since the 

initiation of oral or intravenous 
iron chelating agents 

4. No active liver or kidney disease 
5. LVEF < 55% 
6. Symptomatic heart failure and 

receiving medication therapy 
(Stage C) based on the ACC/AHA 
guidelines 

7. Serum 25-OHD3 < 30 ng/mL 
8. No history of vitamin D injection 

in the preceding 6 months 
 

Exclusion criteria 
 The presence of congenital heart disease, 
diagnosis of malignancy, and pericardial 
effusion 
All the patients were given 50,000 IU of 
vitamin D3 soft gelatin capsule (D-
VIGEL® Daana pharmaceutical Company) 
once a week for 8 weeks. The transfusion 
and heart failure treatment protocols were 
not changed during vitamin D therapy. The 
serum levels of calcium, phosphorus, 
magnesium, alkaline phosphatase, and 25-
OHD3 were monitored at study 
commencement and subsequently at end of 
the fourth and eighth weeks of high-dose 
vitamin D therapy. Serum 25-OHD3 was 
measured using 
electrochemiluminescence. The serum 
levels of calcium, phosphorus, magnesium, 
alkaline phosphatase were checked with 
spectrophotomeric method by SELETRA 
E autoanalyser during the study. The 
serum PTH level was assessed at the start 
of the study and at the end of the eighth 
week. The cardiac function was monitored 
and recorded through the calculation of the 
LVEF in electrocardiography by a 
cardiologist at study commencement and 
thereafter at the end of the fourth and 

eighth weeks of the study. The serum 25-
OHD3 level and the LVEF were reassessed 
at the end of the sixth month.  
In the present study, a serum 25-OHD3 
level exceeding 100ng/ml was considered 
toxic. All the patients were examined for 
the clinical evidence of vitamin D 
poisoning, including hypercalcemia, 
nausea, vomiting, low appetite, epigastric 
pain, constipation or diarrhea, and renal 
failure.  
By the end of the eighth week, the patients 
with a minimum serum 25-OHD3 level of 
30 ng/mL received 50,000 IU of vitamin 
D3 soft gelatin capsule (D-VIGEL® Daana 
pharmaceutical Company) maintenance 
therapy once a month. At the end of the 
sixth month, serum 25-OHD3 level and the 
LVEF were reassessed.  
The data were analyzed using SPSS, 
version 20, and a P value less than 0.05 
was considered statistically significant. In 
time-trend analysis, the paired t-test was 
performed to evaluate the effects of high-
dose vitamin D supplementation on the 
serum levels of 25-OHD3 and the LVEF. 
Kolmogorov smirnov (K-S) test and 
repeated measures Anova were used to 
evaluate quantitative variables for 
normality of the distribution. The Pearson 
correlation test was applied to show the 
correlation between the LVEF and the 
other study variables.  
 

Results 
Out of the 153 transfusion-dependent 
thalassemia patients, 16 (7 women and 9 
men) at a mean age of 11.15 ± 3.61 years 
(ranged from 8-18years) were entered in 
the final study according to our defined 
inclusion criteria. No significant difference 
was observed between the female and male 
patients in terms of serum calcium, 
phosphorus, alkaline phosphatase, 
magnesium, PTH, or 25-OHD3 (Table I). 
All the participants regularly received 15 
ml/kg transfusion every 3 to 4 weeks. The 
mean age at transfusion initiation was 4.17 
± 3.88 months (ranged from 2 to12 
months) (Table II). All the patients 
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received chelating therapy simultaneously. 
A variety of conventional chelating agents 
were used by the patients (Table 2). The 
mean age at heart failure therapy initiation 
was 11.75 ± 5.89 years (ranged from 7 to 
17 years) in the present study. Calcium-
channel blockers were also taken by the 
patients for the treatment of their heart 
failure. In the present study, the mean 
serum ferritin level in the 6-month period 
prior to study commencement was 3913 ± 
2229 ng/ml (ranged from 1246 to11000 
ng/ml). The mean of serum 25-OHD3 level 
was 13.10±5.91 ng/ml (ranged from 3 to 
27 ng/ml) at the start of the study. In 84% 
of the patients, the serum 25-OHD3 level 
was < 20 ng/ml. Based on cardiac MRI 
T2* parameters, 7 patients (3 girls and 4 
boys) had severe cardiac hemosiderosis. 
The serum ferritin level in the patients 
with severe cardiac hemosiderosis was 
higher than that in the other patients (4345 
± 1877 and 3085 ± 2467 ng/ml, 
respectively) (P = 0.04). There was a 
positive correlation between mean of 
serum 25-OHD3 level and cardiac MRI 
T2* parameter at the beginning of the 
study (r=0.001). The serum 25-OHD3 level 
was lower in the patients with severe 
cardiac hemosiderosis than in the other 
patients (8.77 ± 1.28 ng/ml, respectively) 
(P = 0.04). The serum 25-OHD3 level 
exhibited a significant rise in both boys 
and girls at the end of the eighth week of 
high-dose vitamin D therapy (51.12 ± 
11.00 and 49.23 ± 13.37 ng/ml  , 
correspondingly) (P = 0.01). The clinical 
symptoms of vitamin D poisoning were 
not observed in any patient, and the 

highest serum 25-OHD3 level was 93ng/ml 
in the course of the present study. The 
mean increase in the LVEF before and 8 
weeks after study commencement was 
26.89 ± 11.68 and 51.03±4.31%, 
correspondingly (P = 0.03), with no 
significant difference between the male 
and female patients (P = 0.5). The mean 
serum PTH decreased from the beginning 
of the study to the end of the eighth week 
(94.28±18.35 and 43.66±17.31ng/ml, 
respectively) (p=0.03). There was a 
positive correlation between increasing in 
mean serum 25-OHD3 and LVEF percent 
at the end of study (r=0.001). The LVEF 
became normal following the 
normalization of the serum 25-OHD3 level 
(≥ 30 ng/ml) in 6 (37.50%) patients. The 
LVEF increased threefold its initial value 
and reached 62.50% in 10 patients 
following the rise in serum 25-OHD3 (≥ 30 
ng/ml) (Table 3). The positive trend of a 
concurrent rise in the serum 25-OHD3 
level and the LVEF continued in all the 
patients until the end of the study 
(Figure1). The LVEF had a marked 
improvement in the patients with severe 
cardiac hemosiderosis (7/16 patients) 
compared with the other patients (P = 
0.03). No significant difference was 
observed in the serum 25-OHD3 level and 
the LVEF at the end of the sixth month by 
comparison with the end of the second 
month (table 3) (P = 0.4). In the present 
study, the increasing trend of the serum 
25-OHD3 level and the LVEF was positive 
in both sexes, with the difference between 
them failing to constitute statistical 
significance (P = 0.2) (Figure1). 
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TableI. Mean ± SD of the parameters at the beginning of the study 

 
Gender 

(number) 

 
Age 

(years) 

Serum 
Ferritin 
(ng/ml) 

Serum 
25-

OHD3 
(ng/ml) 

Serum 
Calcium 
(mg/dl) 

Serum 
Phosphorous 

(mg/dl) 

Serum 
Magnesium 

(mg/ml) 

Serum 
Alkaline 

Phosphatase 
(U/L) 

Serum 
PTH 

(ng/ml) 

 
LVEF 

(%) 

T2* 
score 
(ms) 

Male 
(9) 

12.15 
± 

4.72 

3859 
± 

1975 

13.68 
± 

6.51 

٨٫٩٨ 
± 

٠٫٧٤ 

٢٫٨٣ 
± 

٠٫٢٦ 

١٫٨٢ 
± 

٠٫٤٠ 

440.00 
± 

160.50 

99.00 
± 

17.94 

24.06 
± 

10.20 

10.94 
± 

1.30 
Female 

(7) 
10.82 

± 
3.65 

3980 
± 

2590 

12.38 
± 

5.25 

٩٫٤١ 
± 

٠٫٧٨ 

٢٫٦٠ 
± 

٠٫٣٦ 

١٫٧٥ 
± 

٠٫٤٢ 

541.84 
± 

352.15 

88.30 
± 

18.24 

30.38 
± 

12.82 

12.23 
± 

5.66 

Total 
(16) 

11.15 
± 

3.61 
 

٣٩١٣ 
± 

٢٢٢٩ 

١٣٫١٠ 
± 

٥٫٩١ 

٩٫١٧ 
± 

٠٫٧٤ 

٢٫٧٢ 
± 

٠٫٣٢ 

١٫٧٩ 
± 

٠٫٤١ 

٤٨٥٫٦٥ 
± 

٢٦٣ 

٩٤٫٢٨ 
± 

١٨٫٣٥ 

٢٦٫٨٩ 
± 

١١٫٦٨ 

١١٫٥١ 
± 

٥٫٣٤ 

 

Table II. Blood transfusion and iron chelating protocols 

 
 

Gender 
(number) 

 
 

Start of 
blood 

transfusion 
(months) 

 
 

Start of 
heart 

failure 
(years) 

Iron Chelating Protocols 

 
DEFERROXAMINE 

 
DEFERRIZIROX 

DEFERROXAMINE 
+ 

DEFERRIPIRONE 

 
DEFERRIPIRONE 

Male 
(9) 

5.45 
± 

2.34 

9.6٠ 
± 
٫٠ 99 

 
4 

 
1 

 
4 

 
1 

Female 
(7) 

3 .٣ 5 
± 
٫١ 67 

١5 .٠ 7 
± 

2.0١ 

 
1 

 
2 

 
2 

 
1 

Total 
(16) 

٫٤ 17±3.88 
(2-14) 

 

12.75±5.89 
(7-17) 

5 
(31%) 

3 
(18.75%) 

6 
(37.5%) 

2 
(12.5%) 

 

Table III. Serum 25-OHD3 levels, LVEF and serum PTH during the study 

 
Time trend 

 
Serum 25-OHD 

(ng/ml) 

 
LVEF 

(%) 

 
Serum PTH 

(ng/ml) 

Beginning the study 26.89±11.68 
(10-50) 

13.10±5.91 
(3-27) 

94.21±18.56 
(59-137) 

After 4 weeks treatment 37.41±11.22 
(15-55) 

26.86±8.01 
(15-55) 

- 

After 8 weeks treatment 51.03±4.31 
(45-60) 

50.27±11.93 
(24-75) 

43.66±17.31 
(46-89) 

End of 6th month follow-up 50.25±8.33 
(30-60) 

49.06±10.39 
(42-70) 

- 
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Figure 1. Improving of LVEF with increasing 

in serum 25-OHD3 levels during the study 

Discussion 
The present study reassertd the high 
prevalence of vitamin D deficiency across 
the society at large and in transfusion-
dependent thalassemia patients in 
particular. All the transfusion-dependent 
thalassemia patients with symptomatic 
heart failure participating in this study 
suffered from vitamin D deficiency. This 
study revealed that the patients with severe 
cardiac hemosiderosis also had a serious 
concomitant problem of low serum 25-
OHD3 levels and high serum ferritin 
levels.  
A positive and ascending trend of the 
LVEF in the present study population 
occurred concurrently with the 
administration of a high dose of vitamin D 
for 8 consecutive weeks. The 6 months 
follow-up after the successful treatment of 
vitamin D deficiency showed the sustained 
ascending trend of the LVEF and the 
relative improvement in the cardiac 
function in comparison with the baseline 
values in the whole study population. 
However, the LVEF became normal 
(≥55%) in less than half of the patients. 
There was no difference between male and 
female patients in terms of the rise in the 
LVEF and the serum 25-OHD3 level in this 
study. Vitamin D supplementation at 
conventional maintenance doses (400–800 

IU/daily) in transfusion-dependent 
thalassemia patients is inadequate for 
maintaining the appropriate supply of 
vitamin D, and using higher doses of 
vitamin D is deemed a favorable and 
harmless method for reducing the 
complications of vitamin D deficiency (32, 
33). Lummila et al., (1998) were first to 
propose the role of vitamin D deficiency in 
cardiac dysfunction in patients with 
chronic kidney failure (34). In their study, 
treatment with vitamin D improved the 
patients' cardiac function (34). 
A study conducted by Wood et al., showed 
the association between vitamin D 
deficiency and increased PTH levels on 
the one hand and the role of LVDCC along 
with iron deposition in the myocardial 
tissue on the other in increasing the risk of 
cardiac dysfunction in transfusion-
dependent thalassemia patients (13). 
Serum PTH levels (secondary 
hyperparathyroidism) increase in response 
to vitamin D deficiency to maintain 
calcium-cycling hemostasis (35).  
The rise in PTH and iron overload in 
transfusion-dependent thalassemia patients 
with vitamin D deficiency leads to 
increased heart rates, intracellular 
myocardial calcium contents, and 
increased secretions of natriuretic 
peptide—eventually resulting in cardiac 
hypertrophy (22, 36, 37). 
Treatment of vitamin D deficiency reduces 
the secretion of brain natriuretic peptide 
(BNP) and stops the process of cardiac 
hypertrophy in transfusion-dependent 
thalassemia patients (38, 39). Murine data 
show that LVDCC has a key role in the 
stimulation of NTBI transfer into the 
myocardium (22). The increase in PTH 
secondary to vitamin D deficiency 
stimulates LVDCC and causes cardiac 
hemosiderosis in thalassemia patients (13, 
14, 22). Recent evidence suggests that 
increased TNF-α and reduced interleukin-
10 during vitamin D deficiency are 
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accompanied by a severe risk of 
atherosclerosis (40-42).  
Schleithoff et al., found a significant 
reduction in PTH and TNF-α level in 
patients with chronic heart failure 
following vitamin D supplementation by 
comparison with a placebo group (40). 
Reduced cardiac function following 
increased PTH levels alone in the absence 
of rising circulating NTBI has also been 
explained in calcium-cycling dysfunction 
in the myocardium (13). In their study, 
Dejkhamron et al., found no significant 
relationship between vitamin D deficiency 
and cardiac iron or its function in 
transfusion-dependent thalassemia patients 
(35). 
 

Conclusion 
The high prevalence of vitamin D 
deficiency and its serious complications in 
transfusion-dependent thalassemia patients 
shows the need for regular biannual 
monitoring of serum 25-OHD3 levels with 
a view to diagnosing vitamin D deficiency 
early and thus reducing its complications. 
The present study showed that high-dose 
vitamin D supplementation for the 
treatment of vitamin D deficiency is an 
effective and healthy method for 
increasing the LVEF and improving the 
quality of life of transfusion-dependent 
thalassemia patients with symptomatic 
heart failure.       
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