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                        Abstract:    Abstract: 

 

Background and aim 

Deficiency of vitamin D is known as a 

health problem all over the world and a 

recognized clinical complication of beta 

thalassemia patients. Vitamin D acts as a 

hormone at the nuclear receptor rendering 

it a beneficial medication for a number of 

diseases. It is believed that vitamin D 

 

is important in the modulation of the inflammation system by regulating the formation of 

inflammatory cytokines and immune cells. This study aimed to investigate the effect of vitamin 

D supplementation on the red cell indices and cytokines levels in patients with beta thalassemia 

major, in an open label randomized clinical trial. 

Patients and Methods: this study performed an open-label randomized clinical trial in patients 

with beta thalassemia major. Forty-six patients completed the eight weeks clinical trial and were 

allocated to administer oral vitamin D3 supplement of 100,000 IU every two weeks as an add-

on treatment. During the study, hematological indices, serum iron, ferritin, vitamin D, calcium 

and inflammatory markers (interleukin-6, interleukin-2 and interleukin-10) were evaluated 

before (at baseline) and after vitamin D supplementation for 8 weeks. 

Results: Vitamin D3 supplements significantly decreases interleukin-6 levels and elevates the 

serum levels of anti-inflammatory cytokines IL-2 and IL-10, it also significantly reduced serum 

ferritin level, but it did not alter the hematological indices. 

Conclusion:  

Our results suggest that administration of vitamin D has a potential anti-inflammatory role in 

beta thalassemia patients and reduces serum ferritin levels, which may reduce the burdens of 

iron overload in thalassemia patients.  
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 :الخلاصة
 الثلاسيميا   لمرضى  بها   معترف  سريرية  ومضاعفات  العالم  أنحاء  جميع   في  صحية  مشكلة   بأنه (D) فيتامين  نقص  يعرف:خلفية

  مهم  (D) فيتامين أن ويعتقد. الأمراض من لعدد  مفيد دواء يجعله مما  النووي المستقبل في كهرمون (D) فيتامين يعمل. بيتا 

 .المناعية والخلايا  الالتهابية السيتوكينات تشكيل تنظيم خلال من الالتهابات نظام تعديل في

  :الهدف

 المرضى  في  السيتوكينات  ومستويات  الحمراء  الخلايا   مؤشرات  على (D) فيتامين  مكملات  آثار  دراسة  إلى  الدراسة  هذه  تهدف

 .مفتوحة  علامة ذات عشوائية سريرية تجربة في الرئيسية، بيتا  ثلاسيميا  من يعانون الذين

 .العراق - كوردستان إقليم السليمانية، فی العام المستشفى ، الصحة دليل ، الثلاسيميا  مركز: الإعداد

 :الطريقة

  وأربعون  ستة أكمل. الرئيسية بيتا  ثلاسيميا  من يعانون الذين المرضى علی التسمية مفتوحة عشوائية سريرية تجربة أجرينا 

 طريق عنD3  فيتامين مكملات لإعطاء تخصيصها  وتم أسابيع ثمانية استمرت التي( الكلينيكية) السريرية التجربة مريضا 

 في الحديد الدم، مؤشرات تقييم تم الدراسة، خلال. إضافي كعلاج  أسبوعين كل IU دولية  وحدة 100000 تبلغ والتي الفم

(  الأساس  في)  قبل(  10-  وإنترلوكين  2-  إنترلوكين  ، 6-  إنترلوكين)  الالتهابات  وعلامات   الكالسيوم   ، D فيتامين  فيريتين،  الدم،

 .أسابيع ثمانية لمدة (D) فيتامين مكملات  وبعد

  :النتائج

-IL للالتهابات المضادة السيتوكينات مصل مستويات  وترفع 6- إنترلوكين مستويات كبير بشكل تقلل D3 فيتامين مكملات 

 .الدم  مؤشرات  يغير لم لكنه المصل، فيريتين مستوى  من كبير بشكل يقلل أنه كما  ، IL-10 و 2

 :خاتمة

 فيريتين  مستويات   من  ويقلل  بيتا   الثلاسيميا   مرضى  في  للالتهابات  مضاد  محتمل  دور  له(  D)  فيتامين  تناول  أن  إلى  نتائجنا   تشير

 . الثلاسيميا مرضى في الزائدة الحديد أعباء من يقلل قد مما  المصل،

 .وانترلوكين والالتهاب ، D3 وفيتامين ، الكبرى ثلاسيميا  بيتا  : المفتاحية لكلمات 

Introduction 
Thalassemia is a hemoglobinopathy that is 

inherited and induced by omission of beta 

globin chain (beta-thalassemia) or alpha 

chain (alpha thalassemia) [1]. Thalassemia 

patients are typically treated with frequent 

blood transfusions used in combination 

with iron chelating drugs such as 

deferiprone, desferroxamine [2]. Iron excess 

in tissues is the primary complication of 

thalassemia. Latest studies emphasize 

relationship of thalassemia with vitamin D 

deficiency. Several studies explain the 

advantage of utilizing vitamin D as add-on 

therapy in many illnesses [3-5]. Additionally, 

a variety of chronic diseases have been 

reported to have reduced level of vitamin D 

and there is high occurrance of vitamin D 

deficiency in thalassemic children [6-8]. 

Serum level of vitamin D should be 

assessed frequently in all children and older 

people with thalassemia [9]. Deficiency of 

vitamin D is common in children with beta-

thalassemia [10-11]. Furthermore, there is a 

connection between vitamin D deficiency 

and hepatic iron excess as a result of 

impairment of 25 OH-hydroxylase enzyme 

activity in the liver [12]. There are numerous 

independent risk factors that are in charge 

of reduced vitamin D level in thalassemia 

patients such as serum ferritin and hepatic 

iron overload [13]. Vitamin D is discussed by 

many authors to have other health benefits 

besides its positive effects on bone, such as 

reducing inflammation [14-16]. Observational 

studies have also reported that higher 

vitamin D levels were associated with lower 

inflammatory markers such as IL-6 [17]. 

Elevation of serum vitamin D levels in 

patients with thalassemia can cause 

alterations in the serum iron or in the red 

cell indices that are related to thalassemia. 

In this study we studied the effect of vitamin 

D supplementation on the red cell indices 

and cytokines levels beta thalassemia major 

patients. 

Patients and methods 

Study design 

This study performed a prospective, 

randomized, open-label clinical trial 

between February 2018 and July 2018 at the 

Center of Thalassemia, Directory of Health, 

General Hospital Sulaimani. Demographic 

data including age, gender, body weight, 

height, and medical history was recorded by 

thorough history from parents/guardians 

and from patient's medical record. All the 
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patients were treated with the same 

therapeutic iron chelating regimen plus 

vitamin D3 oral ampoule as an add-on-

therapy 100,000 IU/every two weeks 

(Dibase, 100,000 IU/ml solution for 

intramuscular and oral use, Abiogen 

Pharma, Pisa-Italy) for eight weeks. The 

patients were regularly transfused monthly 

and were being treated with iron chelating 

agents. The supplement used by the patients 

was harmless and without adverse 

reactions, and the patients were allowed to 

withdraw from the study at any time he/she 

wished.  

Ethical approval: 

All procedures performed in this study were 

in accordance with the ethical standards of 

the institutional and/or national research 

committee [Clinical Research Ethics 

Committee of College of Medicine, 

University of Sulaimani (certificate no 

7/29/3143) according to the guidelines that 

fulfill the requirement of postgraduate 

research and the International Continuous 

Medical Education] and with the 1964 

Helsinki declaration and its later 

amendments or comparable ethical 

standards. 

Participants 

Fifty patients were recruited for the study 

design; four patients were lost in follow up, 

a total of forty-six patients were included in 

the final data analysis. Patients were 

enrolled when they fulfill the diagnostic 

criteria for thalassemia based on the 

hemoglobin electrophoresis in which beta 

thalassemia trait usually has reduced or 

absent HbA, elevated levels of HbA2, and 

increased HbF [18]. The criteria of 

inclusion were transfusion-dependent 

children and adolescents with beta-

thalassemia major not receiving vitamin D 

containing supplements aged between 6-18 

years. The criteria of exclusion included 

pregnancy, end stage renal failure, acute 

blood loss for any cause, chronic liver 

disease and terminal illness.  Moreover, 

patients on supplements that contain 

multivitamins and vitamin D were also 

excluded. The authors informed the 

parents/guardians of patients about the 

study design, and the medicines used in this 

study. An informed consent was obtained 

from parents/guardians of patients before 

being included into the study.   

Intervention 

We designed an eight-week treatment 

protocol in which each patient with beta 

thalassemia major (50 patients) were 

administered orally 100,000 IU of vitamin 

D ampoule every two weeks, a total of four 

single doses were administered. The 

enrolled patients were advised to put the 

content of the ampoule into a half cup of 

milk and drink it. We performed patient 

follow-up monthly when they visited the 

center at the time for blood transfusions, in 

order to ensure patient safety and 

compliance. The patients/guardians of the 

patients were advised not to take any other 

supplements. 

 

Biochemical and hematological tests 

After 12 hours of overnight fasting, a blood 

sample was obtained by venipuncture from 

each patient before blood transfusion at 

baseline and after initiation of the eight-

weeks commencement with vitamin D 

supplement. Part of the blood was drawn 

into ethylene diamine tetraacetic acid tubes 

and used for the determination of 

hematological indices using automated 

hematological analyzer, Coulter machine 

(Swelab alpha, Sweden). The remaining 

part of the blood was kept into plain tubes 

and allowed to clot before centrifuging at 

(3000 rpm, for 20 min) to obtain the serum 

for the determination of serum vitamin D 

(measured by Cobas e411), calcium, iron 

and ferritin levels. Serum IL-2, IL-10 and 

IL-6 were determined by using the 

technique of enzyme linked immunosorbent 

assay (ELISA) according to the 

manufacturer’s instructions. 

 

 



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2019, Vol. 19, No.4 (reseach article) 
 

 

AJPS (2019)  173 
 

Statistical analysis 

The results expressed as number, 

percentages and Mean ± SD. The data were 

analyzed by using two-tailed paired t-test 

taking the p-value of ≤ 0.05 as a lowest level 

of significance. All the data were analyzed 

using Microsoft Excel 2010 program for 

Windows (Microsoft Cooperation, 

Redmond, USA). 

Results 
The study included 46 beta thalassemia 

major patients with the mean age of 

10.9±3.7 (6–18) years, 24 were males and 

22 were females. Body mass index was 

15.9±2.5. The descriptive statistics are 

shown in (Table 1). Vitamin D produced 

significant increase in serum vitamin D and 

calcium levels (p<0.001), the baseline 

vitamin D level improved from (15.70±7.52 

ng/ml to 60.98±67.78 ng/ml) following 

supplementation (P < 0.001), and 

significant reduction in serum ferritin levels 

(p=0.046) (Table 2). Vitamin D3 

supplements significantly decreased the 

pro-inflammatory cytokine interleukin-6 

levels from (12.9±2.8 to 11.4±2.0, 

P<0.001), and elevated the serum levels of 

IL-2 and IL-10 (anti-inflammatory 

cytokine) from (11.55±1.96 to 12.39±2.15, 

P<0.001), and from (6.60±1.17 to 

7.62±1.30, P<0.001) respectively (Table 3). 

Vitamin D supplementation produced a 

significant inverse correlation (r=0.258, 

p=0.015) with serum ferritin level (Figure 

1). But there was no significant change in 

the hematological indices (Table 4).

Table 1: Characteristics of patients 

Characteristics Results 

Sex (Male: Female) 24:22 

Age (year) 10.9±3.7 

Residency 

  Urban 

  Rural 

 

27 

19 

History of splenectomy 7 

Body weight (kg) 

Height (cm) 

Body mass index (kg/m2) 

29.0±8.7 

133.7±12.2 

15.9±2.5 

Notes: The results are expressed as number, and mean ± SD. 

Table 2: Effect of vitamin D supplementation on the laboratory biochemical tests of 

thalassemia patients 

Biochemical tests Before 

treatment 

(n=46) 

After 

treatment 

(n=46) 

p-value 

Serum vitamin D (ng/ml) 15.70±7.52 60.98±67.78 <0.001 

Serum calcium (mg/dl) 8.74±0.41 9.30±0.5 <0.001 

Serum ferritin (ng/ml) 1681.9±1273.3 1519.2±990.93 0.046 

Notes: The results are expressed as mean± SD. P-value was calculated using two-tailed 

independent two sample t-test. 
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Table 3: Effect of vitamin D supplements on the inflammatory and cytokine markers  

Inflammatory and cytokine markers Before 

treatment 

After 

treatment 

P-value 

Erythrocyte sedimentation rate (mm/h) 28.5±17.6 25.7±16.3 0.324 

Serum Interleukin-2 (pg/ml) 11.6±2.0 12.4±2.2 <0.001 

Serum inerleukin-6 (pg/ml) 12.9±2.8 11.4±2.0 <0.001 

Serum interleukin-10 (pg/ml) 6.7±1.2 7.6±1.3 <0.001 

Notes: The results are expressed as mean ± SD. P-value was calculated by using Chi-square 

test for category data and two-tailed paired t test for continuous data. 

Table 4: Effect of vitamin D supplements on the red cell-related indices 

Red cell-related indices Before 

treatment 

After 

treatment 

P-value 

Red cell count (x 106) 2.990±0.336 2.963±0.355 0.541 

Hematocrit (%) 22.9±2.9 22.9±2.8 0.966 

Hemoglobin (g/dl) 8.0±0.9 8.0±0.9 0.954 

Mean corpuscular volume (fL) 76.7±4.5 77.5±4.3 0.086 

Mean corpuscular hemoglobin (%) 26.9±1.6 27.1±1.7 0.129 

Mean corpuscular hemoglobin 

concentration (g/dl) 

35.0±1.0 35.0±0.9 0.962 

Red distribution width (%) 17.3±5.1 17.5±5.5 0.689 

Serum iron (μg/dl) 202.9±62.3 195.5±69.8 0.389 

Notes: The results are expressed as mean ± SD. P-value was calculated by using two-tailed 

paired t test. 
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 Figure 1. Effects of vitamin D supplementation on the non-parametric 

correlation between serum vitamin D with serum ferritin. 

Vitamin D supplementation produced a 

significant inverse correlation (r=0.258, 

p=0.015) with serum ferritin level.  

Discussion 
This clinical study evaluated the clinical 

and biochemical outcomes after adjunct use 

of vitamin D with beta thalassemia major 

patients. The results of this open-label 

clinical study clearly demonstrated that 

vitamin D supplement for eight weeks 

significantly improved the ferritin status 

and inflammatory markers compared with 

before commencement of vitamin D 

supplement. This finding is a very 

interesting observation since there are many 

observational studies that support the anti-

inflammatory role of vitamin D but we 

attempted to assess its effect on beta 

thalassemia patients [19,20]. Results of this 

study show that 8 weeks of vitamin D 

supplementation significantly increased the 

serum level of vitamin D and calcium 

levels. This finding is in agreement with 

previous studies that studied the efficacy of 

vitamin D3 in thalassemia, the majority of 

the patients showed an improvement in 

vitamin D level [21]. Vitamin D deficiency in 

thalassemia has been connected to 

malabsorption of vitamin D along with 

insufficient dietary consumption [22]. 

Another possible explanation is hepatic 

dysfunctions which result in defective 

hydroxylation of vitamin D resulting in 

reduced level [11]. Different authors also 

stated that vitamin D deficiency might be 

caused by hepatic iron-overload [23]. 

According to the present results, vitamin D 

produced a significant elevation in the 

serum levels of IL-2 and IL-10, additionally 

a significant reduction in the level of the 

pro-inflammatory cytokine IL-6, this points 

to the anti-inflammatory role of vitamin D 

in these patients. The anti-inflammatory 

role of IL-10 is well known; it can be 

viewed as the most important anti-

inflammatory cytokine in human beings. 

Researchers have observed the effects of 

this cytokine as it limits secretion of 

proinflammatory cytokines, such as TNF-

alpha, IL-1, IL-6, and IL-12, and by keeping 

proinflammatory events well controlled, it 

protects against excessive immune 

responses and tissue damage [24,25]. 

Numerous studies have confirmed the anti-

inflammatory actions of vitamin D by 
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downregulating proinflammatory 

cytokines, while upregulating anti-

inflammatory cytokines such as IL-10 [26]. 

Additionally, IL-2 controls inflammation 

and has the ability to induce the in vitro 

growth of activated T cells [27]. The results 

of another study demonstrated a weak 

negative association of serum vitamin D 

with IL-6 and leptin [28]. These results were 

consistent with a previous report that 

observed vitamin D deficiency was 

associated with more pro-inflammatory 

cytokines as compared with insufficiency or 

sufficiency status in elderly adults [19]. 

Moreover, the results of the present study 

reported that vitamin D did not alter the 

hematological indices, which indicates that 

vitamin D does not exert any effect on cell 

volume or morphology the blood cells in 

beta thalassemia patients. This finding is 

consistent with a study that observed 

deficiency of vitamin D had no effect on 

hematological indices in adolescents before 

versus after correction of serum vitamin D 

level [29]. Other studies observed that 

vitamin D has inhibitory impact on 

erythropoiesis by exhibiting inverse 

correlations between serum vitamin D and 

hemoglobin (Hb), red cell count and mean 

corpuscular hemoglobin in healthy 

teenagers by a mechanism is yet 

unidentified [30]. 

An interesting observation of this study was 

that the serum level of ferritin was 

significantly reduced post vitamin D 

supplementation when compared to the 

baseline. This finding can be explained by 

the effect of vitamin D on reducing 

hepcidin, which in turn reduces iron 

absorption from the enterocytes and hence 

the serum ferritin level declines. Hepcidin 

is known as the major iron-regulatory 

hormone [31,32]. It is primarily synthesized in 

the liver due to elevated plasma or tissue 

iron [33]. Hepcidin concentration is 

significantly higher in chronically 

transfused patients due to iron overload, 

such as in thalassemia [34]. Ferritin is an 

indicator of inflammation and a marker of 

iron store. In patients with anemia of 

chronic diseases and inflammation, vitamin 

D may decrease ferritin level for the 

improvement of inflammation status [35]. 

Hepcidin is also increased by inflammatory 

cytokines such as IL-6 [36]. Accordingly, the 

adjunct use of vitamin D in this study 

significantly reduced the pro inflammatory 

cytokine IL-6, which can also explain that 

the high level of hepcidin was attenuated by 

administering vitamin D. Since IL-6 can 

increase the hepcidin level, the down 

regulatory effect of vitamin D on the pro 

inflammatory cytokine IL-6 offers more 

benefit because as a result of reduction of 

IL-6, consequently hepcidin will be reduced 
[26]. Numerous studies have reported the 

inverse relationship between vitamin D and 

hepcidin [37-39]. Serum ferritin levels are 

modulated by hepcidin, which helps in 

reducing iron absorption from the intestine 
[40,41]. Serum hepcidin positively correlates 

with serum ferritin, reflecting the regulation 

of both proteins by iron stores [42]. 

Conclusion 

We concluded that Vitamin D3 supplement 

improves the level of anti-inflammatory 

cytokines by enhancing anti-inflammatory 

and lowering pro-inflammatory cytokines 

in beta thalassemia major patients. 

Additionally, vitamin D supplementation 

may improve serum ferritin levels and may 

reduce the burdens of iron overload in 

thalassemia patients.  

Acknowledgments  

The data were abstracted from a PhD thesis 

submitted by Raz M. HamaSalih to the 

College of Medicine, University of 

Sulaimani. The project was financially 

supported by the University of Sulaimani. 

The authors gratefully thank the kind 

support of the patients, staff and doctors of 

the Center of Thalassemia in Sulaimani. 

Disclosure 

The authors report no conflicts of interest 

in this work.  



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2019, Vol. 19, No.4 (reseach article) 
 

 

AJPS (2019)  177 
 

References  

1- Rund D. Thalassemia. modern 

medicine battles an ancient 

disease. Am J Hematol. 2016; 91:15–

21. 

2- Totadri S, Bansal D, Trehan A, et al. 

Hepatic and Cardiac Iron-load in 

Children on Long-term Chelation with 

Deferiprone for Thalassemia Major. 

Indian Pediatr. 2018;55(7):573-575. 

3- Ebeling P, Adler R, Jones G, et al. 

Management of endocrine disease: 

Therapeutics of vitamin D.  Eur J 

Endocrinol. 2018; pii: EJE-18-0151. 

4- Khosravi ZS, Kafeshani M, Tavasoli P, 

et al. Effect of vitamin 

D supplementation on weight loss, 

glycemic indices, and lipid Profile in 

obese and overweight women: A 

clinical trial study. Int J Prev Med. 

2018;9:63. 

5- Grzelak T, Mikołajczyk K. Pleiotropic 

effect of vitamin D in cystic fibrosis. 

Adv Respir Med. 2018; 86(4):192-196. 

6- Cubbon RM, Lowry JE, Drozd M, et al. 

Vitamin D deficiency is an 

independent predictor of mortality in 

patients with chronic heart failure. Eur 

J Nutr. 2019;58(6):2535–2543.  

7- Bener A, Ozdenkaya Y, Al-Hamaq 

AOAA, et al. Low vitamin 

D deficiency associated with thyroid 

disease among Type 2 diabetic mellitus 

patients. J Clin Med Res. 2018; 10:707-

714. 

8- Soliman A, De Sanctis V, Yassin M. 

Vitamin d status in thalassemia major: 

an update. Mediterr J Hematol Infect 

Dis. 2013; 5(1): e2013057. 

9- Fung EB, Aguilar C, Micaily I, et al. 

Treatment of vitamin D deficiency in 

transfusion-dependent thalassemia. 

Am J Hematol. 2011; 86:871–873. 

10- Elhoseiny SM, Morgan DS, Rabie AM, 

et al. Vitamin D receptor (VDR) gene 

polymorphisms (FokI, BsmI) and their 

relation to vitamin D status in 

pediatrics beta thalassemia 

major. Indian J Hematol Blood 

Transfus. 2016;32(2):228-38.  

11- Fahim F. M., Saad K., Askar E. A., et 

al. Growth parameters and vitamin D 

status in children with thalassemia 

major in upper Egypt. Int J Hematol 

Oncol Stem Cell Res. 2013;7(4):10–

14. 

12- Singh K, Kumar R, Shukla A, et al. 

Status of 25-hydroxyvitamin D 

deficiency and effect of vitamin D 

receptor gene polymorphisms on bone 

mineral density in thalassemia patients 

of North India. Hematology. 

2012;17(5):291–296. 

13- Bajoria R, Rekhi E, Almusawy M, et al. 

Hepatic Hemosiderosis Contributes to 

Abnormal Vitamin D-PTH Axis 

in Thalassemia Major. J Pediatr 

Hematol Oncol. 2019; 41: e83-e89. 

14- Zhang Y, Leung DY, Richers BN, et al. 

Vitamin D inhibits 

monocyte/macrophage 

proinflammatory cytokine production 

by targeting MAPK phosphatase-1. J 

Immunol. 2012;188(5):2127–35. 

15- Badenhoop K, Kahles H, Penna-

Martinez M. Vitamin D, immune 

tolerance, and prevention of type 1 

diabetes. Curr Diab Rep. 2012; 

12(6):635–42. 

16- Jayaratne N, Hughes MC, Ibiebele TI, 

et al. Vitamin D intake in Australian 

adults and the modeled effects of milk 

and breakfast cereal fortification. 

Nutrition. 2013; 29(7–8):1048–53.  

17- De Vita F, Lauretani F, Bauer J, et al. 

Relationship between vitamin D and 

inflammatory markers in older 

individuals. Age (Dordr). 2014; 

36:9694. 

18- Rund D, Rachmilewitz E. β-

Thalassemia. N Engl J Med. 2005; 353: 

1135–1146.   

19- Laird E, McNulty H, Ward M, et al. 

Vitamin D deficiency is associated 

with inflammation in Older irish adults. 

J Clin Endocrinol Metab. 

2014;25:c20133507. 

20- Ngo DT, Sverdlov AL, McNeil JJ, et al. 

Does Vitamin D modulate 

asymmetricdimethylarginine and C-

https://www.ncbi.nlm.nih.gov/pubmed/30123437
https://www.ncbi.nlm.nih.gov/pubmed/30123437
https://www.ncbi.nlm.nih.gov/pubmed/30123437
https://www.ncbi.nlm.nih.gov/pubmed/30123437
https://www.ncbi.nlm.nih.gov/pubmed/30123437
https://www.ncbi.nlm.nih.gov/pubmed/30121806
https://www.ncbi.nlm.nih.gov/pubmed/30121806
https://www.ncbi.nlm.nih.gov/pubmed/30121806
https://www.ncbi.nlm.nih.gov/pubmed/30116441
https://www.ncbi.nlm.nih.gov/pubmed/30116441
https://www.ncbi.nlm.nih.gov/pubmed/30116441
https://www.ncbi.nlm.nih.gov/pubmed/30116441


Al Mustansiriyah Journal of Pharmaceutical Sciences, 2019, Vol. 19, No.4 (reseach article) 
 

 

AJPS (2019)  178 
 

reactive protein concentrations? Am J 

Med. 2010; 123:335–341. 

21- Soliman A, Adel A, Wagdy M, et al. 

Calcium homeostasis in 40 adolescents 

with beta-thalassemia major: a case-

control study of the effects of 

intramuscular injection of a megadose 

of cholecalciferol. Pediatr Endocrinol 

Rev. 2008; 1:149-54. 

22- Malik S., Syed S., Ahmed N. 

Complications in transfusion-

dependent patients of β-thalassemia 

major. Pak J Med Sci. 2009;25(4):678–

682.  

23- Pirinççioğlu AG, Akpolat V, Köksal O, 

et al. Bone mineral density in children 

with beta-thalassemia major in 

Diyarbakir. Bone. 2011;49(4):819–

823. 

24- Murai M, Turovskaya O, Kim G, et al. 

Interleukin 10 acts on regulatory T cells 

to maintain expression of the 

transcription factor Foxp3 and 

suppressive function in mice with 

colitis. Nat Immunol. 2009; 10:1178–

1184. 

25- Li MO, Flavell RA. Contextual 

regulation of inflammation: a duet by 

transforming growth factor-β and 

interleukin-10. Immunity. 2008; 

28:468–476.  

26- Guillot X, Semerano L, Saidenberg-

Kermanac'h N, et al. Vitamin D and 

inflammation. Joint Bone Spine. 

2010;77:552–7. 

27- Malek TR, Castro I. Interleukin-2 

receptor signaling: at the interface 

between tolerance and immunity. 

Immunity. 2010; 33:153–165. 

28- Manoy P, Yuktanandana P, Tanavalee 

A, et al. Vitamin D Supplementation 

Improves Quality of Life and Physical 

Performance in Osteoarthritis Patients. 

Nutrients. 2017;26; 9(8):799. 

29- Soliman AT, Eldabbagh M, Elawwa A, 

et al. Does Vitamin D therapy affect 

hematological indices in adolescents 

with vitamin D deficiency? Indian J 

Endocrinol Metab. 2012;16(4):659–

660. 

30- Doudin A, Becker A, Rothenberger 

A, et al. Relationship between serum 

25-hydroxyvitamin D and red blood 

cell indices in German adolescents. 

European Journal of Pediatrics. 2018; 

177:583-591. 

31- Ganz T. Hepcidin and iron regulation, 

10 years later. Blood. 2011; 117: 4425–

4433. 

32- Nemeth E, Ganz T. Anemia of 

inflammation. Hematol Oncol Clin 

North Am. 2014; 28:671–81. 

33- Hentze MW, Muckenthaler MU, Galy 

B, et al. Two to tango: regulation of 

Mammalian iron metabolism. Cell. 

2010; 142: 24–38. 

34- Pasricha SR, Frazer DM, Bowden DK, 

et al. Transfusion suppresses 

erythropoiesis and increases hepcidin 

in adult patients with beta-thalassemia 

major: a longitudinal study. Blood. 

2013;122(1):124–33.  

35- Kell DB, Pretorius E. Serum ferritin is 

an important inflammatory disease 

marker, as it is mainly a leakage 

product from damaged cells. 

Metallomics. 2014; 6:748–773. 

36- Wrighting DM, Andrews NC. 

Interleukin-6 induces hepcidin 

expression through STAT3. Blood. 

2006; 108:3204–3209. 

37- Zughaier SM, Alvarez JA, Sloan JH, et 

al. The role of vitamin D in regulating 

the iron-hepcidin-ferroportin axis in 

monocytes. J Clin Transl Endocrinol. 

2014; 1(1): 19–25.  

38- Smith EM, Alvarez JA, Kearns MD, et 

al. High-dose vitamin D3 reduces 

circulating hepcidin concentrations: A 

pilot, randomized, double-blind, 

placebo-controlled trial in healthy 

adults. Clinical Nutrition. 2017 

;36(4):980-985.  

39- Bell S.J. The effect of VitaminD3 on 

hepcidin and IL-8 expression in 

monocytes. J Hematol. 2013; 2(1):1–7. 

40- Nemeth E, Ganz T. Regulation of iron 

metabolism by hepcidin. Annu Rev 

Nutr. 2006; 26:323–342. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Doudin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29387981
https://www.ncbi.nlm.nih.gov/pubmed/?term=Becker%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29387981
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rothenberger%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29387981
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rothenberger%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29387981
https://www.ncbi.nlm.nih.gov/pubmed/29387981


Al Mustansiriyah Journal of Pharmaceutical Sciences, 2019, Vol. 19, No.4 (reseach article) 
 

 

AJPS (2019)  179 
 

41- Bacchetta J, Zaritsky JJ, Sea JL, et al. 

Suppression of iron-regulatory 

hepcidin by vitamin D. J Am Soc 

Nephrol. 2014; 25(3):564–572.  

42- Ganz T., Olbina G., Girelli D., Nemeth 

E., Westerman M, Immunoassay for 

human serum hepcidin. Blood. 2008; 

112(10):4292–4297. 
 


