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ABSTRACT

Objective: To retrospectively analyze thalassemia phenotypes and associated mortality among Yemeni patients seeking
healthcare in Sana’a city, Yemen.

Methods: This retrospective, cross-sectional study was conducted in the medical center of Yemen Society for Thalassemia
and Genetic Blood Disorders (YSTGBD) in Sana'a city from January 2010 to December 2016. Data about gender, age, gover-
norate of origin, type of thalassemia and thalassemia-related mortality were retrieved from the records of 496 thalassemia
patients. Data were then entered into an Excel spreadsheet, cross-checked for accuracy and presented as frequencies and
proportions. Factors associated with deaths among thalassemia patients were analyzed using chi-square or Fisher’s exact
tests.

Results: A total number of 496 patients attended the medical center of YSTGBD in Sana’a city in the period from January 2010
to December 2016. The majority of thalassemia patients were males (57.9%), and approximately half of the patients were
aged 10 years or younger with a comparable proportion to those older than 10 years. Most thalassemia patients had f3-
thalassemia (92.7%), while 7.3% had a-thalassemia. The majority of patients were from Hajjah governorate (16.5%) followed
by those from Sana'a (13.1%) and Amran (11.9%), while lower proportions ranging from 0.2% to 8.1% were recorded for pa-
tients from other governorates. Thirty out of the total attending thalassemia patients died, and mortality was significantly as-
sociated with recurrent transfusions of whole blood but not with the gender and age of the patients or thalassemia phenotype.

Conclusions: The majority of thalassemia patients seeking healthcare in Sana’a city suffer from thalassemia, where males
represent more than half of them and the patients are almost equally distributed in relation to the cut-off age of 10 years. The
mortality incidence among Yemeni thalassemia patients seeking healthcare is lower than that reported elsewhere in the
world, and mortality was significantly associated with recurrent blood transfusions. Further studies to identify the genetic
abnormalities associated with thalassemia are recommended together with the need for the launch of a national center for
counseling, research and supervision of voluntary activities related to thalassemia and genetic blood disorders in Yemen.

Keywords: Thalassemia, Phenotype, Mortality, Yemen

* Corresponding author: T.A.A Abdulrahman (zaker30@gmail.com; zaker30@hotmail.com)

i g © 2020 University of Science and Technology, Sana'a, Yemen. This article can be unrestrictedly used, distributed or
IIU‘ ! | reproduced in any medium, provided that credit is given to the authors and the journal. Online ISSN: 2227-961X.


mailto:zaker30@gmail.com
mailto:zaker30@hotmail.com

Abdulrahman et al., Yemeni J Med Sci. 2020;14:7-12.
https://doi.org/10.20428/YIMS.14.1.A2

1. Introduction

Thalassemia is an inherited autosomal reces-
sive disorder. Its most common type is «-
thalassemia major, also called hemoglobin (Hb)
Bart’s disease, which was an invariably fatal dis-
ease in the past but is now salvageable.()) Thalas-
semia is classified into two types according to the
affected globin: a-thalassemia and (-thalassemia.
The former is characterized by deletion or muta-
tion in one or more a-globin genes located on the
short arm of chromosome 16.2 However, the lat-
ter is caused by a mutation in the 3-globin gene lo-
cated on chromosome 11, affecting all aspects of
transcription, translation and stability of the gene
product.G.49

The high incidence of thalassemia occurs in the
Mediterranean region, parts of Africa, the Middle
East, the Indian subcontinent, Southeast Asia and
the Pacific islands.5-6) In a-thalassemia, HbA2 level
is normal or slightly reduced.(”») HbH patients are
anemic with variable amounts of HbH (0.8-40%),
and Hb Bart's hydrops fetalis is the most severe
form of a-thalassemia with the absence of HbF.®
Abnormal hemoglobinopathies, including thalas-
semia, affect about 280 million people in the world.
Of whom, 80 million are carriers of f3-
thalassemia.(®-11) Recent surveys suggest that be-
tween 300-400 thousand babies are born with se-
rious hemoglobinopathies each year, with 23,000
having 3-thalassemia major and up to 90% of them
occur in low- or middle-income countries.(® Ap-
proximately, 439,000 thalassemia patients have
severe disease with almost similar rates among
males and females, most commonly in Italy,
Greece, Middle East, South Asia and Africa.(® Tha-
lassemia occurs in 4.4 per 10,000 live births, and
the majority of patients die before the age of 20
years in the developing world.(12 However, the
number of deaths declined from 36,000 deaths in
1990 to 16,800 deaths in 2015.010)

The prevalence rate of a-thalassemia has been
found to be 40.0% in Jeddah, indicating that the
Saudi population in this area is at increased risk of

having hemoglobinopathies (13 On the other hand,
a prevalence of 2.1% was documented for (-
thalassemia in Turkey, where about 1.6 million
people have thalassemia trait and about 5,500 pa-
tients have homozygous thalassemia and other
hemoglobinopathies.(14) In Arab countries, carrier
rates of thalassemia range from 1.0% to 11.0%.015)
In Egypt, approximately 1,000 babies out of 1.5
million live births are born with 3-thalassemia ma-
jor annually.(6) In Iran, about one-fifth of blood
donations are transfused to thalassemia pa-
tients.(17) The incidence of B-Thalassemia major is
about 2.0-3.0% in Lebanon and represents more
than two-thirds of all types of thalassemia in
Iraq.(12 18) Patients with -thalassemia major often
die from cardiac complications of iron overload by
the age of 30 years.(9)

In children with [(-thalassemia, symptoms
appear in the first two years of life and include
paleness, headache, fatigue, irritability, failure to
grow, and pulmonary dysfunction.(20-22) The most
common symptoms are jaundice, enlarged spleen
or liver, or deformed bones.(!7. 23-25) The natural
course of thalassemia major is modified by iron
chelation therapy (ICT) with desferrioxamine to
avoid death from cardiomyopathy.(2¢) Treatment
strategies are also unique and include blood trans-
fusion in addition to ICT.(1) B-thalassemia inter-
media is less severe than 3-thalassemia major and
may require episodic blood transfusions. Transfu-
sion-dependent patients may develop iron over-
load and require ICT to remove excess iron. Bone
marrow transplants can be curative for some chil-
dren with -thalassemia major.2D

The prevalence of thalassemia trait in Yemen is
13.3%; 4.4% for B-thalassemia and 8.9% for a-
thalassemia.(?”) This study aimed to retrospectively
analyze thalassemia phenotypes and associated
mortality among Yemeni patients seeking
healthcare in Sana’a city.
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2. Methods
2.1. Study design and setting

A retrospective, cross-sectional study was con-
ducted in the medical center of YSTGBD in Sana’a
city from January 2010 to December 2016.

2.2. Data collection and analysis

Data about gender, age, governorate of origin,
phenotype of thalassemia and mortality were re-
trieved from the records of 496 patients. Data
were then entered into an Excel spreadsheet and
cross-checked for accuracy and presented as fre-
quencies and proportions. Factors associated with
mortality among thalassemia patients were ana-
lyzed using chi-square or Fisher’s exact test,
whichever appropriate, using IBM SPSS Statistics,
version 22 (IBM Corp., Armonk, NY, USA). Statisti-
cal significance was considered at P-values <0.05.

3. Results

3.1. Characteristics of thalassemia patients

Table (1) shows that the majority of thalassemia
patients were males (57.9%), and approximately
half of the patients were aged 10 years or younger
with a comparable proportion to those older than
10 years. Most thalassemia patients had -
thalassemia (92.7%), while 7.3% had a-
thalassemia. The majority of patients were from
Hajjah governorate (16.5%) followed by Sana'a
(13.1%) and Amran (11.9 %), while lower propor-
tions ranging from 0.2% to 8.1% were from other
governates as shown in Table (1). Out of 496 cas-
es, 30 deaths were documented thalassemia pa-
tients over the study period (data not shown).

3.2. Factors associated with mortality among tha-
lassemia patients

Table (2) shows that mortality among thalassemia
patients was significantly associated with the type
of the transfused blood product, being higher
among those who had received recurrent transfu-

siond of whole blood compared to those receiving
packed red blood cells (RBCs). In contrast, mortali-
ty was not significantly associated with the gender
and age of the patients or thalassemia phenotypes.

Table 1. Characteristics of thalassemia patients attending the medical
center of Yemen Society for Thalassemia and Genetic Blood Disorders
in Sana’a city, Yemen (2010-2016)*

Characteristics n (%)
Gender
Male 287 (57.9)
Female 209 (42.1)
Age (years)
<10 250 (50.4)
>10 246 (49.6)
Thalassemia phenotype
Alpha 36 (7.3)
Beta 460 (92.7)
Governorate of origin
Hajjah 82 (16.5)
Sana'a 65 (13.1)
Amran 59 (11.9)
Taiz 40 (8.1)
Ibb 38 (7.7)
Dhamar 37 (7.5)
Al-Amanah 30 (6.0)
Hodeidah 27 (5.4)
Al-Mahweet 26 (5.2)
Abyan 20 (4.0)
Al-Dhalae 15 (3.0)
Shabwah 14 (2.8)
Al-Baydha 13 (2.6)
Rayemah 11 (2.2)
Hadhramout 7 (1.4)
Lahj 6 (1.2)
Aden 3 (0.6)
Mareb 2 (0.4)
Sa’adah 1 (0.2)

* Total number of patients was 496.

Table 2. Factors associated with mortality among thalassemia patients
attending the medical center of Yemen Society for Thalassemia and
Genetic Blood Disorders in Sana’a city, Yemen (2010-2016)*

Variable N n (%) P-value
Gender
Male 287 17 (5.9)
Female 209 13 (6.2) 0.891
Age (years)
<10 250 1 (0.4)
>30 246 1 (0.4) 1.000
Thalassemia phenotype
Alpha 36 2 (5.6)
Beta 460 28 (6.1) 1.000
Region of residence
Azal region 191 14 (7.3)
Tehama region 146 6 (4.1)
Aden region 44 5 (11.4)
Al-Janad region 78 4 (5.1) 0.376
Hadhramout region 21 0 (0.0)
Shiba region 13 1 (7.7)
Type of recurrently transfused blood product
Whole blood 47 22 (46.8)
<0.001
Packed RBCs 449 8 (1.8)

* Total number of patients was 496; N, number of thalassemia patients; n, num-
ber of deaths; RBCs, red blood cells.
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4. Discussion

Over the seven years spanning the period of this
study, 496 thalassemia cases on treatment and 30
thalassemia-related deaths were recorded in the
medical center of the YSTGBD in Sana’a. Compara-
ble proportions of patients were observed for both
genders and age groups in relation to a cut-off age
of 10 years. However, (-thalassemia was the most
predominant thalassemia type among more than
90.0% of patients. The majority of cases seeking
healthcare in the medical center of the YSTGBD
were from the northern governorates of Yemen
(Hajjah, Sana’a and Amran), which could be at-
tributed to the close location of such governorates
to the medical center in Sana’a city but does not
necessarily reflect the highest burden of this dis-
order in these governorates. Moreover, there are
other centers offering healthcare for thalassemia
patients in Taiz, Hodeidah, Aden and Hadhramout.

The finding of this study is consistent with the
fact that up to 90% of thalassemia patients in low-
and middle-income countries have (3-thalassemia
major.® The high proportion of -thalassemia pa-
tients in this single-center study is comparable to
that (447 patients) reported from a single Egyptian
center over a ten-year period.?® In Iraq, -
thalassemia represented 73.9% of all types of tha-
lassemia,(12) while the overall incidence of (-
thalassemia trait in Turkey was reported to be
2.1%.049 In Iran, 19.2% of the total number of
blood donations were reported to be allocated to
the treatment of thalassemia.(!”) In Lebanon, an in-
cidence of 2-3% was estimated for -thalassemia
carriage.(18)

Out of 496 thalassemia patients attending the
medical center in the present study, 30 died over
the study period, with a significant association
with the transfusion of whole blood compared to
packed RBCs. This study revealed no significant as-
sociation with age considering 10 years as a cut-
off. Nevertheless, there is evidence that most tha-
lassemia major patients cannot survive beyond the
second decade of life without ICT.(29) In the United

Kingdom, about half of thalassemia patients were
reported to die before the age of 35 years,39 while
68.0% of Italian patients were reported to remain
alive at this age.D Treatment of thalassemia most-
ly depends on life-long blood transfusions and the
removal of excess iron from the bloodstream.32) In
the present study, a higher proportion of deaths
occurred among patients receiving recurrent
whole blood transfusions. This could be attributed
to the iron overload as well as the lack of ICT be-
cause of the armed conflict in Yemen. Mortality of
thalassemia patients in other countries have been
attributed to several complications such as endo-
crinopathy, infections, heart diseases and heart
failure as well as hepatic complications.(18,29,31-33)

5. Conclusions

The majority of thalassemia patients seeking
healthcare in Sana’a city suffered from -
thalassemia, where males represent more than
half of them and the patients are almost equally
distributed in relation to the cut-off age of 10
years. The mortality incidence among Yemeni tha-
lassemia patients seeking healthcare is lower than
that reported elsewhere in the world, and mortali-
ty was significantly associated with recurrent
blood transfusions. Further studies to identify the
genetic abnormalities associated with thalassemia
are recommended together with the need for the
launch of a national center for counseling, research
and supervision of voluntary activities related to
thalassemia and genetic blood disorders in Yemen.

Ethical considerations

Neither ethical approval nor informed consent were required
for the retrospective analysis of the anonymous data in this
study, which are routinely collected for the sake of improv-
ing the quality of healthcare services. However, inistitutional
permission was obtained before data collection

Acknowledgments

We thank the administration and staff of the Yemen Society
of Thalassemia and Genetic Blood Disorders for their help
and cooperation during data collection.

f ) % © 2020 University of Science and Technology, Sana'a, Yemen. This article can be unrestrictedly used, distributed or
!!Iu. ::llﬂl reproduced in any medium, provided that credit is given to the authors and the journal. Online ISSN: 2227-961X.

10



Abdulrahman et al., Yemeni J Med Sci. 2020;14:7-12.
https://doi.org/10.20428/YIMS.14.1.A2

Authors’ contributions
TAAA and AA design the study MEMS, TAAA collected da-

ta,

TAAA analyzed and interpreted data, TAAA and AA

drafted the manuscript, and all authors revised the manu-
script and approved the final submission.

Competing interests

The authors declare that they have no competing interests
associated with this article.

References

10.

11.

12.

13.

14.

Chik KW, Shing MM, Li CK, Tsang KS, Yuen HL, Cheng SB, et
al. Treatment of hemoglobin Bart’'s hydrops with bone marrow
transplantation. J Pediatr. 1998;132(6):1039-42. DOl e
PubMed e Google Scholar

Gallego MS, Zelaya G, Feliu AS, Rossetti L, Shaffer LG, Bailey
KA, et al. ATR-16 due to a de novo complex rearrangement of
chromosome 16. Hemoglobin 2005;29(2):141-50. DOl e
PubMed e Google Scholar

Xu XS, Glazer PM, Wang G. Activation of human gamma-globin
gene expression via triplex-forming oligonucleotide (TFO)-
directed mutations in the gamma-globin gene 5' flanking region.
Gene 2000;242(1-2):219-28. DOI e PubMed e Google Scholar
Provan D, Gribben J, editors. Molecular Hematology. 3 ed.
John Wiley & Sons; 2010.

Kountouris P, Lederer CW, Fanis P, Feleki X, Old J, Kleanthous
M. IthaGenes: an interactive database for haemoglobin
variations and epidemiology. PLoS One 2014;9(7):e103020.
DOI e PubMed e Google Scholar

Ladis V.Kaagiorga-Langana M, Tsiarta |, Chouliaras G. Thirty-
year experience in preventing hemoglobinopathies in Greece:
achievements and potentials for optimisations. Eur J Haematol.
2013;90(4):313-22. DOI e PubMed e Google Scholar
Brancaleoni V, Di Pierro E, Motta |, Cappellini MD. Laboratory
diagnosis of thalassemia. Int J Lab Hematol. 2016;38(1):32—40.
DOl e PubMed e Google Scholar

Harteveld CL, Higgs DR. Alpha -thalassaemia.Orphanet J Rare
Dis. 2010;5:13. DOI e PubMed e Google Scholar

De Sanctis V, Kattamis C, Canatan D, Soliman AT, Elsedfy H,
Karimi M, et al. B-thalassemia distribution in the Old World: an
ancient disease seen from a historical standpoint. Mediterr J
Hematol Infect Dis. 2017;9(1):e2017018. DOl e PubMed e
Google Scholar

Vidyarthi UC, Kumar A. Assessment of haematological
parameters in thalassemia in paediatric patients. Int J Med
Health Res. 2018;4(1):109-11.

Saleemi S. Saudi guidelines on the diagnosis and treatment of
pulmonary hypertension: pulmonary hypertension associated
with hemolytic anemia. Ann Thorac Med. 2014;9(Suppl 1):67—
73. DOI e PubMed e Google Scholar

Kadhim KA, Baldawi KH, Lami FH. Prevalence, incidence,
trend, and complications of thalassemia in Irag. Hemoglobin
2017;41(3):164-8. DOI e PubMed e Google Scholar

Al Jaouni SK. Prevalence of thalassemia disorders and
hemoglobinopathies in Jeddah, western Saudi Arabia. J Appl
Hematol.2010;1(1):43-6. Google Scholar

Canatan D. Thalassemias and hemoglobinopathies in Turkey.
Hemoglobin 2014;3895):305-7. DOl e PubMed e Google
Scholar

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hamamy HA, Al-Allawi NA. Epidemiological profile of common
haemoglobinopathies in Arab Countries. J Community Genet.
2013;4(2):147-67. DOI e PubMed e Google Scholar
El-Hashemite N, Petrou M, Khalifa AS, Heshmat NM, Rady MS,
Delhanty JD. Identification of novel Asian Indian and Japanese
mutations causing R-thalassemia in Egyptian population. Hum
Genet. 1997;99(2):271-4. DOI e PubMed e Google Scholar
Rezaee AR, Banoei MM, Khalili E, Houshmand M. Beta-
thalassemia in Iran: new insight into the role of genetic
admixture and migration. ScientificWorldJournal.
2012;2012:635183. DOI e PubMed e Google Scholar
Charafeddine K, Isma’eel H, Charafeddine M, Inati A, Koussa
S, Naja M, et al. Survival and complications of beta-thalassemia
in Lebanon: a decade's experience of centralized care. Acta
Haematol 2008;120(2):112-6. DOl e PubMed e Google
ScholarMuncie HL Jr, Campbell JS. Alpha and beta
thalassemia. Am Fam Physician 2009;80(4):339-44. PubMed e
Google Scholar

Yoshida N, Horikoshi A, Kanemaru M, Shimada H, Takeuchi J,
Ohshima T, et al. An erythremia with acquired HbH disease and
chromosomal abnormality. Rinsho Ketsueki. 1990;31(7):963-8.
PubMed e Google Scholar

Cavallo L, De Sanctis V, Cisternino M, Caruso NM, Galati MC,
Acquafredda A, et al. Final height in short polytransfused
thalassemia major patients treated with recombinant growth
hormone. J Endocrinol Invest. 2005;28(4):363-6. DOl e
PubMed e Google Scholar

Carnelli V, D'Angelo E, Pecchiari M, Ligorio M, D'Angelo E.
Pulmonary dysfunction in transfusion-dependent patients with
thalassemia major. Am J Respir Crit Care Med.
2003;168(2):180-4. DOI e PubMed e Google Scholar

Piplani S. Hemoglobin E disorders in the north east India. J
Assoc Physicians India 2000;48(11):1082—4. PubMed e Google
Scholar

Papadaki MG., Kattamis AC., Papadaki |G, Menegas DG,
Georgakopoulou TP, Mavrommati-Metaxotou A, et al.
Abdominal ultrasonographic findings in patients with sickle-cell
anemia and thalassemia intermedia. Pediatr Radiol. 2003;33(8):
515-21. DOI e PubMed e Google Scholar

Morabito N, Gaudio A, Lasco A, Atteritano M, Pizzoleo MA,
Cincotta M, et al. Osteoprotegerin and RANKL in the
pathogenesis of thalassemia-induced osteoporosis: new pieces
of the puzzle. J Bone Miner Res. 2004;19(5):722—7. DOI e
PubMed e Google Scholar

Modell B, Letsky EA, Flynn DM, Peto R, Weatherall DJ. Survival
and desferrioxamine in thalassaemia major. Br Med J (Clin Res
Ed). 1982;284(6322):1081-4. DOl e PubMed e Google Scholar
Al-Nood HA. Thalassemia trait in outpatient clinics of Sana’a
city, Yemen. Hemoglobin 2009;33(3):242—6. DOI e PubMed e
Google Scholar

Mokhtar GM, Gadallah M, EI Sherif NH, Ali HT. Morbidities and
mortality in transfusion-dependent beta-thalassemia patients
(single-center  experience).  Pediatr Hematol  Oncol.
2013;30(2):93-103. DOI e PubMed e Google Scholar

Borgna Pignatti C, Cappellini MD, De Stefano P, Del Vecchio
GC, Forni GL, Gamberini MR, et al. Survival and complications
in thalassemia. Ann N Y Acad Sci. 2005;1054:40-7. DOI e
PubMed e Google Scholar

Borgna-Pignatti C, Rugolotto S, De Stefano P, Zhao H,
Cappellini MD, Del Vecchio GC, et al. Survival and
complications in patients with thalassemia major treated with
transfusion and deferoxamine. Haematologica
2004;89(10):1187-93. DOI e PubMed e Google Scholar

Palit S, Bhuiyan RH, Aklima J, Emran TB, Dash R. A study of
the prevalence of thalassemia and its correlation with liver
function test in different age and sex group in the Chittagong
district of Bangladesh. J Basic Clin Pharm. 2012;3(4):352-7.
DOI e PubMed e Google Scholar

© 2020 University of Science and Technology, Sana'a, Yemen. This article can be unrestrictedly used, distributed or
reproduced in any medium, provided that credit is given to the authors and the journal. Online ISSN: 2227-961X.

11


https://doi.org/10.1016/s0022-3476(98)70406-8
https://pubmed.ncbi.nlm.nih.gov/9627601/
https://scholar.google.com/scholar?cluster=13052564806783788940&hl=en&as_sdt=0,5
https://doi.org/10.1081/HEM-58585
https://pubmed.ncbi.nlm.nih.gov/15921166/
https://scholar.google.com/scholar?cluster=15739647951465502340&hl=en&as_sdt=0,5
https://doi.org/10.1016/s0378-1119(99)00522-3
https://pubmed.ncbi.nlm.nih.gov/10721715/
https://scholar.google.com/scholar?cluster=12984338964405206003&hl=en&as_sdt=0,5
https://doi.org/10.1371/journal.pone.0103020
https://pubmed.ncbi.nlm.nih.gov/25058394/
https://scholar.google.com/scholar?cluster=865886389182927806&hl=en&as_sdt=0,5
https://doi.org/10.1111/ejh.12076
https://pubmed.ncbi.nlm.nih.gov/23331260/
https://scholar.google.com/scholar?cluster=10953485665014302087&hl=en&as_sdt=0,5
https://doi.org/10.1111/ijlh.12527
https://pubmed.ncbi.nlm.nih.gov/27183541/
https://scholar.google.com/scholar?cluster=13997188546293774377&hl=en&as_sdt=0,5
https://doi.org/10.1186/1750-1172-5-13
https://pubmed.ncbi.nlm.nih.gov/20507641/
https://scholar.google.com/scholar?cluster=4571212664658264612&hl=en&as_sdt=0,5
https://doi.org/10.4084/mjhid.2017.018
https://pubmed.ncbi.nlm.nih.gov/28293406/
https://scholar.google.com/scholar?cluster=1185063425610335268&hl=en&as_sdt=0,5
https://doi.org/10.4103/1817-1737.134039
https://pubmed.ncbi.nlm.nih.gov/25077000/
https://scholar.google.com/scholar?cluster=16854226086460750766&hl=en&as_sdt=0,5
https://doi.org/10.1080/03630269.2017.1354877
https://pubmed.ncbi.nlm.nih.gov/28836463/
https://scholar.google.com/scholar?cluster=1199995716828560288&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=2820721510729732296&hl=en&as_sdt=0,5
https://doi.org/10.3109/03630269.2014.938163
https://pubmed.ncbi.nlm.nih.gov/25030194/
https://scholar.google.com/scholar?cluster=2397707955489494207&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=2397707955489494207&hl=en&as_sdt=0,5
https://doi.org/10.1007/s12687-012-0127-8
https://pubmed.ncbi.nlm.nih.gov/23224852/
https://scholar.google.com/scholar?cluster=6892904724848467613&hl=en&as_sdt=0,5
https://doi.org/10.1007/s004390050352
https://pubmed.ncbi.nlm.nih.gov/9048934/
https://scholar.google.com/scholar?cluster=10819573414431552581&hl=en&as_sdt=0,5
https://doi.org/10.1100/2012/635183
https://pubmed.ncbi.nlm.nih.gov/23319887/
https://scholar.google.com/scholar?cluster=14994441667847054076&hl=en&as_sdt=0,5
https://doi.org/10.1159/000171088
https://pubmed.ncbi.nlm.nih.gov/19001806/
https://scholar.google.com/scholar?cluster=8921364525911539064&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=8921364525911539064&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/19678601/
https://scholar.google.com/scholar?cluster=15152365689211878493&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/2214193/
https://scholar.google.com/scholar?cluster=8540338291064732945&hl=en&as_sdt=0,5
https://doi.org/10.1007/bf03347204
https://pubmed.ncbi.nlm.nih.gov/15966511/
https://scholar.google.com/scholar?cluster=17770009936649468180&hl=en&as_sdt=0,5
https://doi.org/10.1164/rccm.200211-1292oc
https://pubmed.ncbi.nlm.nih.gov/12738605/
https://scholar.google.com/scholar?cluster=13401469296269635221&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/11310386/
https://scholar.google.com/scholar?cluster=11441916767243482240&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=11441916767243482240&hl=en&as_sdt=0,5
https://doi.org/10.1007/s00247-003-0950-5
https://pubmed.ncbi.nlm.nih.gov/12802538/
https://scholar.google.com/scholar?cluster=5676687651762036982&hl=en&as_sdt=0,5
https://doi.org/10.1359/jbmr.040113
https://pubmed.ncbi.nlm.nih.gov/15068494/
https://scholar.google.com/scholar?cluster=16310419792819202035&hl=en&as_sdt=0,5
https://doi.org/10.1136/bmj.284.6322.1081
https://pubmed.ncbi.nlm.nih.gov/6802413/
https://scholar.google.com/scholar?cluster=14604274880868601927&hl=en&as_sdt=0,5
https://doi.org/10.1080/03630260903039594
https://pubmed.ncbi.nlm.nih.gov/19657839/
https://scholar.google.com/scholar?cluster=7665277467850178906&hl=en&as_sdt=0,5
https://doi.org/10.3109/08880018.2012.752054
https://pubmed.ncbi.nlm.nih.gov/23301991/
https://scholar.google.com/scholar?cluster=7665277467850178906&hl=en&as_sdt=0,5
https://doi.org/10.1196/annals.1345.006
https://pubmed.ncbi.nlm.nih.gov/16339650/
https://scholar.google.com/scholar?cluster=14948140792347247404&hl=en&as_sdt=0,5
https://doi.org/10.3324/%25x
https://pubmed.ncbi.nlm.nih.gov/15477202/
https://scholar.google.com/scholar?cluster=14386374473472933586&hl=en&as_sdt=0,5
https://doi.org/10.4103/0976-0105.105339
https://pubmed.ncbi.nlm.nih.gov/24826050/
https://scholar.google.com/scholar?cluster=4688949902919169560&hl=en&as_sdt=0,5

Abdulrahman et al., Yemeni J Med Sci. 2020;14:7-12.
https://doi.org/10.20428/YIMS.14.1.A2

31. Pennell DJ, Porter JB, Cappellini MD, El-Beshlawy A, Chan LL,
Aydinok Y, et al. Efficacy of deferasirox in reducing and
preventing cardiac iron overload in B-thalassemia. Blood
2010;115(12):2364-71. DOI e PubMed e Google Scholar

32. Kim S, Tridane A. Thalassemia in the United Arab Emirates:
why it can be prevented but not eradicated. PLoS One
2017;12(1):e0170485. DOI e PubMed e Google Scholar

YEMENI JOURNAL FOR MEDICAL SCIENCES

To submit your manuscript to the journal through the online
submission  system, please use the following link:
https://ust.edu/ojs/index.php/yimp/about/submissions

_ © 2020 University of Science and Technology, Sana'a, Yemen. This article can be unrestrictedly used, distributed or
kw ﬁ!l reproduced in any medium, provided that credit is given to the authors and the journal. Online ISSN: 2227-961X.

12


https://doi.org/10.1182/blood-2009-04-217455
https://pubmed.ncbi.nlm.nih.gov/19996412/
https://scholar.google.com/scholar?cluster=13018718631732321481&hl=en&as_sdt=0,5
https://doi.org/10.1371/journal.pone.0170485
https://pubmed.ncbi.nlm.nih.gov/28135306/
https://scholar.google.com/scholar?cluster=12971400374732360912&hl=en&as_sdt=0,5
https://ust.edu/ojs/index.php/yjmp/about/submissions

