
Research Article
Epidemiology of Thalassemia in Gulf Cooperation Council
Countries: A Systematic Review

Amani Abu-Shaheen ,1 Humariya Heena,1 Abdullah Nofal,2 Doaa A. Abdelmoety,3

Abdulrahman Almatary,4 Mohammed Alsheef,5 and Isamme AlFayyad1

1Research Center, King Fahad Medical City, Riyadh, Saudi Arabia
2Emergency Medicine Department, King Saud University Medical City, Riyadh, Saudi Arabia
3Clinical Research Management Department, Executive Administration of Research, King Abdullah Medical City in Holy Capital,
Makkah, Saudi Arabia
4Neonatal Intensive Care Unit, King Fahad Medical City, Children Specialized Hospital, Riyadh, Saudi Arabia
5Internal Medicine Consultant, King Fahad Medical City, Riyadh, Saudi Arabia

Correspondence should be addressed to Amani Abu-Shaheen; aabushaheen@kfmc.med.sa

Received 17 May 2020; Revised 15 September 2020; Accepted 20 October 2020; Published 29 October 2020

Academic Editor: Mittal Suneeta

Copyright © 2020 Amani Abu-Shaheen et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Thalassemia has a burden on the healthcare systems of many countries. About 56000 conceptions result in
thalassemia, globally. Objective. To assess the epidemiological profile of thalassemia in the Gulf Cooperation Council (GCC)
countries. Methods. A systematic search was conducted in MEDLINE/PubMed (National Library of Medicine), CINAHL, and
Embase. Relevant observational studies reporting the epidemiology of thalassemia among the GCC population were selected.
Data on the prevalence, frequency, and complications of thalassemia were extracted. The quality of the retrieved studies was
assessed according to the Newcastle–Ottawa Quality Assessment Scale. Results. Eighteen studies (14 cross-sectional studies, two
retrospective observational studies, and two retrospective analysis) with a total of 3343042 participants were included in this
systematic review. Of the 18 studies, 11 studies were conducted in Saudi Arabia, two in the Kingdom of Bahrain, one in Kuwait,
three in the United Arab Emirates (UAE), and one in Qatar. The prevalence of thalassemia among children below five years of
age ranged from 0.25% to 33%, while it was 0.9% in children above five years and from 0.035% to 43.3% among adult
thalassemia patients. The most-reported risk factors were consanguineous marriage and high-risk marriage. There was a lack of
data regarding mortality rates in thalassemia. Conclusions. Despite the premarital screening and genetic counseling (PMSGC)
program for thalassemia, the incidence of high-risk couple marriages in GCC countries cannot be effectively diminished. This
study suggested that the PMSGC program should adopt more attention for the high-risk areas, to enhance the level of
consciousness about the hemoglobinopathy diseases and the consequences of consanguinity among the at-risk couple.

1. Background

Thalassemia is a genetic blood disorder in which the body
produces an abnormal form of hemoglobin. There are two
types of thalassemia, depending on which type of globin is
mutated: alpha- (α-) thalassemia and beta- (β-) thalassemia.
α-Thalassemia occurs when one or more of the four α-globin
genes are damaged or altered, while β-thalassemia occurs
when both β-globin genes are damaged or mutated [1]. Fur-
thermore, thalassemia major occurs when a child inherits

two defective globin genes, one from each parent, and thalas-
semia minor occurs when the child inherits one defective glo-
bin gene from only one parent [2, 3]. One of the most-
reported risk factors of thalassemia is consanguineous mar-
riage. Consanguineous marriage is the marriage of two indi-
viduals having connections as second cousins with the
inbreeding coefficient > 0 · 0156. The inbreeding coefficient
is a method to measure the proportion of loci where the off-
spring of consanguineous marriage is predicted to receive
identical gene copies from both parents [4, 5].
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Patients with thalassemia minor show no manifestations
and can have a healthy life without treatment, whereas
patients with thalassemia major usually experience lifelong
anemia that begins in early childhood, and due to the abnor-
mality of the red blood cells, the patient must be managed
with regular blood transfusions [1]. Homozygous α-thalasse-
mia occurs due to the deletion of all four α-globin genes. β-
Thalassemia phenotypes are heterogeneous, varying between
severe transfusion-dependent thalassemia major to the mild
thalassemia intermedia form. Patients with β-thalassemia
major develop severe anemia and hepatosplenomegaly, and
the children with this condition, if not treated, show develop-
mental delay and reduced life expectancy [3]. Previously α-
thalassemia disorders were thought to be benign; however,
homozygous α-thalassemia has been found currently to be
fatal and commonly detected in populations worldwide [1,
6]. Homozygous α-thalassemia results in Hb Barts formation
in utero. Due to the extremely high affinity of Hb Barts, little
oxygen is delivered to fetal tissues causing severe hypoxia,
cardiac failure, and intrauterine death of the fetus [6, 7]. In
the case of homozygous α-thalassemia, early detection
followed by intrauterine transfusion can prevent fetal death,
but the transfusion therapy requires to be continued [6].
The management of thalassemia requires high bloodstock,
which highly consumes blood at the expense of other
treatments that requires a blood transfusion, and it causes
significant complications such as iron overload, bone
distortions, and cardiovascular disorders due to lifelong
blood transfusion [6, 7].

About 56000 conceptions result in thalassemia, globally.
Of them, approximately 30000 are affected by β-thalassemia,
and around 3500 succumb perinatally from the hydrops
fetalis or α-thalassemia syndrome [1]. Moreover, it was esti-
mated that annually, about nine million thalassemia carrier
women around the world get pregnant, and of them, 1.33
million pregnancies are at risk for major thalassemia disorder
[1, 8, 9]. Thalassemia has a burden on the healthcare systems
of many countries in the Mediterranean area, the Middle
Eastern and North African areas (MENA), Central Asia,
Transcaucasia, the Indian subcontinent, and Southeast Asia
[6, 7]. The α-thalassemia gene frequencies are found to be
higher than β-thalassemia, and in the regions in Southeast
Asia, the frequency of α-thalassemia reached 25% [6, 7]. On
the other hand, the countries in the MENA region, particu-
larly UAE and other Gulf Cooperation Council (GCC) coun-
tries, the prevalence of β-thalassemia major and carriers is
higher than α-thalassemia [1].

Many countries have measured the knowledge and the
attitudes of the public towards thalassemia to implement
and evaluate relevant educational programs [10, 11]. Assess-
ment of the population’s awareness of β-thalassemia docu-
mented that there is a need to improve the population’s
basic knowledge of the disease [11]. The perception of the
public about thalassemia was found to be associated with sev-
eral factors, including gender, marital status, education,
employment, and socioeconomic status, and these factors
vary by region and community [12, 13].

In developing countries, many thalassemic patients die
because of expensive management and the absence of ade-

quate measures, which appears to restrict early thalassemia
symptoms [14–17]. Due to the therapeutic advances, the
major thalassemia patients experienced an increased life
expectancy, and the disease changed from a deadly disorder
to chronic disease with a need for lifetime care [18–20].
The lifetime care of thalassemia major patient is costly, and
it includes the cost of (1) blood transfusion and iron chela-
tion medications, (2) laboratory investigations, (3) manage-
ment of adverse events, (4) recurrent visits, and (5) indirect
expenses such as the costs of missed chances and quality of
life [16, 21, 22].

Some studies were conducted to assess the management
of thalassemia expenses. In the United Kingdom, Karnon
et al. stated that the discounted lifetime cost of managing a
β-thalassemia major patient was estimated to be 188000 to
226000 pounds [23]. While in Thailand, Riewpaiboon et al.
recruited 201 patients and documented that the yearly aver-
age management cost was 950 United States dollars (US$),
among which 59% was direct medical cost, 17% direct non-
medical cost, and 24% indirect cost [24].

This article is aimed at systemically reviewing the epide-
miological profile represented by the frequency, prevalence,
risk factors, mortality rates, and complications of thalassemia
in GCC countries that will help in the development of a con-
sensus on newborn screening programs and strategies that
may reduce the mortality of newborn due to thalassemia.
Moreover, it will help in improving the clinical outcomes
and quality of life for thalassemia patients.

2. Methods

This systematic review was based on the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA)
statement [25], and all steps were performed according to
the Cochrane Handbook [26].

2.1. Literature Search Strategy. An electronic database search
was conducted through MEDLINE/PubMed (National
Library of Medicine), CINAHL, and Embase for relevant
published studies from the beginning until December 31,
2018. The leading search criterion was the appearance of
the term thalassemia in GCC countries. We combined other
terms of hemoglobinopathies, such as sickle cell trait, sickle
cell disease, and sickle cell hemoglobin, so that we did not
miss any study, including thalassemia. The search strategy
is shown in the supplementary (S1) file.

2.2. Eligibility Criteria

2.2.1. Inclusion Criteria. Observational studies on population
diagnosed with thalassemia in GCC countries and studies
that reported the epidemiology profile of thalassemia regard-
ing the frequency, prevalence, risk factors, mortality rates,
and complications were included. No restrictions for
language were applied.

2.2.2. Exclusion Criteria. Laboratory diagnostic tests, experi-
mental and animal studies, studies conducted in other
countries, review articles, case reports and case series, and
conference proceedings and editorials were excluded.

2 BioMed Research International



Moreover, the studies not relevant to the research aim or not
providing necessary data on the epidemiological profile of
thalassemia were not included in this systematic review.

2.3. Study Selection and Data Extraction. Eligibility screening
was conducted in two steps: (a) title and abstract screening
for matching the inclusion criteria and (b) full-text screening
of selected articles retrieved for comprehensive analysis and
further assessed for final inclusion. Two researchers (AKA
and INF) independently reviewed each study, and disagree-
ment was resolved by consensus following a discussion
between the two reviewers.

2.4. Assessment of Risk of Bias. The quality of the retrieved
studies was assessed according to the Newcastle–Ottawa
Quality Assessment Scale (NOQAS) developed for cohort
studies [27], and the modified version of the NOQAS for
cross-sectional studies [28]. The NOQAS is a valid instru-
ment that assigns a maximum of four points for selection,
two points for comparability, and three points for exposure
or outcome. The NOQAS score of 7 was considered the
cut-off for a high-quality study methodology and a score of
5–6 as moderate quality [29]. Quality assessment was con-
ducted by two independent reviewers.

2.5. Data Extraction. We independently extracted and veri-
fied the data from each included study. Extracted data
included the following domains: first author name, year and
location of publication, study period, study design, partici-
pants’ characteristics, sample size, country, and primary out-
come measures (frequency, prevalence, and complications).

3. Results

The literature search yielded 981 nonduplicate citations, fol-
lowing title and abstract screening; 33 articles were eligible
for full-text screening and were examined in detail. Finally,
18 articles [30–47] were included in our systematic review.
The screening process is shown in Figure 1.

A total of 3343042 participants were included in this sys-
tematic review. The patients were GCC population diagnosed
with thalassemia (either α or β type). The retrieved articles
included 14 cross-sectional studies, two retrospective obser-
vational studies, and two retrospective analyses. Of the 18
studies, 11 studies [30–32, 39–46] were conducted in Saudi
Arabia, two studies in the Kingdom of Bahrain [33, 34],
one study in Kuwait [35], three studies in the United Arab
Emirates (UAE) [36–38], and one study in Qatar [47]. The
summary of the baseline characteristics of the study popula-
tions is shown in Table 1.

Eleven studies were of fair quality in methodology [30,
31, 33, 34, 37–39, 41, 42, 45, 47], two studies were of good
quality, [35, 36] two studies were of poor quality [40, 46],
and the quality of three studies was not quite clear. [32, 43,
44] Table 2 provided the quality scores of the included
studies according to NOQAS criteria.

As shown in Table 3, sixteen studies reported the preva-
lence of thalassemia in GCC countries; of them, nine studies
[30–32, 39, 41, 42, 44–46] were conducted in Saudi Arabia,
and the remaining seven studies [33–38, 47] were conducted

in UAE, Kingdom of Bahrain, Kuwait, and Qatar. We
determined the prevalence of thalassemia as the proportion
of a particular population being affected by thalassemia.

The age groups of the study populations varied, including
children below five years of age, children above five years,
and adults (Table 3). Only one study [44] in Saudi Arabia
included participants of all three age groups, and the overall
prevalence of thalassemia was found to be 30.72% in this
study. Other studies included participants of any of the two
age groups or exclusively one age group. Three studies [31,
38, 46] (two in Saudi Arabia and one in UAE) were con-
ducted only on the children below five years with the preva-
lence of α-thalassemia ranging between 36% and 49% and
0.25% for diseased β-thalassemia (6 out of 2341). Both the
lowest and highest prevalence of thalassemia were detected
in Saudi Arabia among the examined population. Perrine
et al. [31] in a study with 2341 infants detected diseased β-
thalassemia with sickle cell disease in six infants (0.25%).
Nasserullah et al. [46] in a study in Saudi Arabia screened
the blood of 21858 newborns and detected α-thalassemia
(carrier or diseased) in 7923 newborns (36%). A study by
Barakat-Haddad et al. [36] in UAE was conducted only on
the children above five years (adolescent students age 15-18
years) with the reported thalassemia (carriers or diseased)
prevalence of 0.9%. Seven studies [32, 33, 37, 39, 41, 45, 47]
were conducted solely on adult thalassemia (carrier or dis-
eased) patients, with the prevalence of overall thalassemia
(carrier or diseased) ranging from 0.035% to 43.3%. The low-
est prevalence of diseased β-thalassemia (0.035%; 2 out of
5672 individuals) was reported by Denic et al. [37] in UAE
and the highest prevalence of β-thalassemia 28.9% was
reported by Fawzi et al. Ganeshaguru et al. [32] also reported
the prevalence of α-/β-thalassemia and α-thalassemia to be
0.9%, and 43.3%, respectively. Furthermore, Denic et al.
[37] included adults with a total number of 5672 and docu-
mented that the β-thalassemia allele frequency was 1·16%.
El-Kalla et al. [38] in their study included 418 children below
five years to analyze α-globin gene status and found that 11%
(46/418) were homozygous for α-gene deletion. Rajab et al.
[33] conducted a study in Bahrain with pregnant women
having sickle cell disease and found that 9.6% had sickle cell
hemoglobin with β-thalassemia disease. Fawzi et al.
conducted a study in Qatar with 3275 adults and detected
that 1.37% (includes Qatari and non-Qatari patients) and
0.76% (Qatari patients) of the patients were β-thalassemia
major [47].

Consanguineous marriage and high-risk marriage (in
which two couples have genetic defects) are the most
reported risk factors of thalassemia. Alsaeed et al. [42],
AlHamdan et al. [41], and Memish et al. [45] reported con-
sanguineous marriage to be an important risk factor on the
incidence of thalassemia in Saudi Arabia. Moreover, Denic
et al. [37] reported data about high-risk marriage and its
impact on the incidence of thalassemia in UAE.

Three studies [30, 40, 43] documented occurrence of
splenic and hepatic complications among thalassemia
patients in Saudi Arabia. Ankra-badu et al. [43] recorded
56% of α-thalassemia patients had splenomegaly with the
size of the spleen ranged from 1 to 13 cm, 41% of the
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patients had hepatomegaly, and 35·9% had jaundice. El-
Hazmi et al. [40] reported that 14% of the included α-
thalassemia patients experienced splenomegaly, and 14%
of patients had jaundice.

Hematological complication, resulting in blood transfu-
sion, was reported by three studies in Saudi Arabia [30, 40,
43]. Ankra-badu et al. [43] reported 26 out of 36 α-thalasse-
mia patients (72·2%) had blood transfusion, while El-Hazmi
et al. [40] reported blood transfusion in 30% α-thalassemia
patients, and Pembrey et al. [30] reported blood transfusion
in four out of 16 β-thalassaemia patients (25%). Likewise,
anemia was reported to occur in 30% and 56.4% of the
included participants in Saudi Arabia by El-Hazmi et al.
[40] and Ankra-badu et al. [43], respectively.

Two studies [30, 40] reported various types of infections,
such as upper and lower respiratory tract infections and oste-
omyelitis in Saudi Arabia. Pembrey et al. [30] reported that
four out of 16 β-thalassemia patients had upper and lower
respiratory tract infections, while El-Hazmi et al. (1985)
[40] documented that 30% of α-thalassemia patients experi-
enced osteomyelitis.

There was a lack of data regarding mortality rates of
thalassemia in the included studies.

4. Discussion

The objective of this systematic review was to assess the epi-
demiology of thalassemia in GCC countries. The prevalence
of β-thalassemia (carrier or diseased) in Saudi Arabia is con-
sidered to be one of the highest rates in comparison to other
Middle Eastern countries. [42, 45] The overall prevalence of
thalassemia (carrier or diseased) rates ranged from 0.035%
to 43.3% for adults with the lowest prevalence in the UAE,

reported by Denic et al. [37] and the highest prevalence in
Saudi Arabia, reported by Ganeshaguru et al. [32]. Similarly,
for children below five years, the prevalence of α-thalassemia
(carrier or diseased) ranged from 36% to 49% with the high-
est prevalence reported by Nasserullah et al. [46] and the low-
est prevalence of diseased β-thalassemia (0.25%) reported by
Perrine et al. [31] in Saudi Arabia. For children above five
years, the reported thalassemia (carrier or diseased) preva-
lence was 0.9% [36]. According to Alsaeed et al., [42] the
prevalence of diseased β-thalassemia was higher in the West-
ern region of Saudi Arabia (1.9% in Makkah) than the East-
ern region (0.4%) during the period 2011–2015, whereas
AlHamdan et al. [41] reported a lower prevalence of diseased
β-thalassemia in Makkah (0.01%) for adults screened during
the Saudi Premarital Screening Program (February 2004 to
January 2005). However, both the studies [41, 42] showed a
high prevalence of β-thalassemia (carriers) in Jazan and East-
ern Saudi Arabia. In the UAE, the overall prevalence of thal-
assemia (carriers or diseased) ranged between 0.035% and
11%. In Kuwait, the prevalence of diseased thalassemia was
30.7%, and in Bahrain, the prevalence of diseased thalassemia
ranged between 0.09 and 9.6%, respectively. In Qatar, the
prevalence of β-thalassemia major was 1.37% (includes
Qatari and Non-Qatari patients) and 0.76% (Qatari patients).
Moreover, compared to α-thalassemia (carrier or diseased),
β-thalassemia (carrier or diseased) occurred more commonly
in Qatar with β-thalassemia accounting for 71.25% of all
thalassemias and α-thalassemia (carrier or diseased)
accounting for only 28.75% of all thalassemias [47]. The
cooccurrence of β-thalassemia (carrier or diseased) and
sickle cell disease among the study participants was observed
in Saudi Arabia (11.43%, 0.25%, and 3.3%) [30, 31, 39],
Bahrain (12%) [33], and Qatar (2.05%) [47].

Studies identified from database search (n = 1392)

Nonduplicate citations screened 
(n = 981)

Duplicates (n = 411)

Records excluded a�er
title/abstract screening (n = 948)

Full-text articles assessed for
eligibility (n = 33)

Full text did not meet inclusion 
criteria:
(n = 16)

Articles related to SCD only (n = 12)
Articles with irrelevant outcomes 

(n = 4)

Studies included in systematic review (n = 18)
�alassemia patients (n = 13)
Combined thalassemia and SCD (n = 5)

(i)
(ii)

Figure 1: Flow diagram of the literature search and study selection.
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Kim et al. [1] estimated the prevalence of thalassemia
major and carrier populations in the Middle East and the
North African (MENA) region, as these regions show a high
rate of consanguineous marriage (the principal risk factor for
thalassemia major) and stated that Saudi Arabia had a high
prevalence of β-thalassemia carriers (1–15%) and α-thalasse-
mia carriers (5–10%). In Jordan, the prevalence ranged from
3% to 5·9% for β-thalassemia carriers and from 2% to 3·5%
for α-thalassemia carriers [1]. In Egypt, the frequency of β-
thalassemia carriers was 4.5%, and in Kuwait, the frequency
of α-thalassemia carriers ranged from 5% to 10%. UAE
showed a higher prevalence of both β and α-thalassemia
carriers than Bahrain with the prevalence of β-thalassemia
as 8·5% vs. 2·9% and α-thalassemia as 49% vs. 24·2% vs. [1].

According to a study by Modell and Darlison, the esti-
mated rate of diseased thalassemia in affected conceptions
(per 1000) among the American population (853 million)
was 0·06%, among the African population (586 million)
was 0·07%, among the European population (879 million)
was 0.13%, among Southeast Asian population (1564 mil-
lion) was 0.66%, and in the Western Pacific population
(1.761 million) was 0·76%. The estimated prevalence of
thalassemia in affected conceptions worldwide (6217 million)
is 0·46% [9].

A study by Vichinsky et al. [48] in North America
stated that β-thalassemia (carrier or diseased) predomi-
nated in Eastern North America and α-thalassemia (carrier
or diseased) in the Western part of North America. More-
over, this study showed that the epidemiology of thalasse-
mia in North America had wide heterogeneity. Hickman
et al. [49] stated that in England, approximately 2800
babies were born with β-thalassemia trait annually, and
among them, about 43 or 0.07 per 1000 conceptions were
affected by β-thalassemia. A prospective cohort study in
Ontario, Canada, by Lafferty et al. (2007) [50] reported
34.8% of the study population to be the carrier of thalas-
semia with a 24.5% probability of having children with
β-thalassemia major.

β-Thalassemia major leads to intense anemia that can
even cause the death of untreated children aged 3 years or
less. Regular blood transfusion can prevent death due to thal-
assemia major [9]. In Saudi Arabia, blood transfusion among
the included patients was reported as 72.2%, 30%, and 25%
by Ankra-badu et al. [43], El-Hazmi et al. (1982) [44], and
Pembrey et al. (1980) [30], respectively. However, most
transfused patients usually suffer from iron overload, which
may lead to death, and this can be overcome by using iron-
chelation therapy.

Table 3: Prevalence of thalassemia in GCC countries.

Country Study ID
Children below five

years
Children above five

years
Adults Event Total Percent

Patients with thalassemia

Saudi Arabia

AlHamdan et al. (2007) [41] No No Yes 348 488315 0.07%

Alsaeed et al. (2011) [39] No No Yes 33 329 10.0%

Alsaeed et al. (2018) [42] No Yes Yes 787 1230582 0.064%

El-Hazmi et al. (1982) [44] Yes Yes Yes
Not

mentioned
2643 30.72%

Memish et al. (2011) [45] No No Yes 29 006 1572140 1.8%

Nasserullah et al. (2003) [46] Yes No No 7923 21858 36%

Ganeshaguru et al. (1987)
[32]

No No Yes 840

(i) β-thalassemia 25 840 3.0%

(ii) α/β-thalassemia 8 0.9%

(iii) α-thalassemia 364 43.3%

UAE

Barakat-Haddad et al. (2013)
[36]

No Yes No 57 6329 0.9%

Denic et al. (2013) [37] No No Yes 2 5672 0.035%

El-kalla et al. (1998) [38] Yes No No 46 418 11%

Kingdom of
Bahrain

Al-arrayed et al. (2003) [34] No Yes Yes 5 5685 0.09%

Kuwait Adekile et al. (1996) [35] Yes Yes No 12 39 30.7%

Patients with β-thalassemia and sickle cell disease

Saudi Arabia

Alsaeed et al. (2011) [39] Yes Yes Yes 11 329 3.3%

Pembrey et al. (1980) [30] Yes Yes No 16 140 11.43%

Perrine et al. (1981) [31] Yes No No 6 2341 0.25%

Bahrain Rajab et al. (2006) [33] No No Yes 34 282 12%

Qatar Fawzi et al. (2003) [47] No No Yes
Not

mentioned
3275 1.37%
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Thalassemia requires lifelong treatment, including blood
transfusion, use of iron-chelating agents, and other medica-
tions, which is expensive. Also, there are some other costs,
such as medical consultation fees, diagnostic and laboratory
tests, and treatment of adverse effects of therapies. Since most
children in thalassemia are born in low-income countries, the
high cost of therapy leads to a huge economic burden on the
patient’s family and society [9, 22]. Moreover, the rising cost
of treatment is a major challenge for the health care funders
and the government, and thus, the entire healthcare system
of a country is affected [22]. Iron-chelation drug contributes
significantly to the treatment expenses. Therefore, the eco-
nomic burden of thalassemia on the health care system may
be averted, by an effective, inexpensive oral iron chelator
[51] so that the lifespan of patients receiving a periodic blood
transfusion and iron-chelation medication can be extended
[9].

Another effective means to reduce the occurrence of thal-
assemia is the preventive approach, which is followed in
many countries to lower the financial burden [9]. It is evident
that prevention is cheaper than treatment in the long term
approach [22]. The preventive approach includes the follow-
ing steps: (i) detecting the carriers of the disease and inform-
ing them about the risk of having children with thalassemia
and the ways of lowering it, which would result in the reduc-
tion of births and deaths of affected children; (ii) prenatal
diagnosis of couples with affected children and informing
them about 25% recurrence risk and thus to limit family size,
which may reduce the birth prevalence; and (iii) prospective
carrier screening for the entire population. In countries with
a high rate of consanguineous marriage, population screen-
ing is useful due to cost-effectiveness. The screening can be
started among the high-risk couples before marriage. Screen-
ing of the carrier via prenatal diagnosis is being practiced in
China, Hong Kong, some parts of India and Taiwan, Iran,
Singapore, and most of southern Europe. In North America,
Australia, New Zealand, and Northwest Europe, in addition
to prenatal diagnosis, antenatal carrier screening is typically
practiced. A global estimate indicated a 16% reduction in
the birth of children with thalassemia by following the pre-
ventive approach. The education of at-risk couples resulted
in a higher reduction of reproduction compared to prenatal
diagnosis [9].

Consequently, Saudi Arabia launched a national obliga-
tory premarital examination screening (PMSGC) program
for thalassemia, which was introduced in 2004 in all regions
of the country at free of cost. [52, 53] Hamamy et al. reported
the frequency of carriers of α-thalassemia and β-thalassemia
in Arab countries ranged from 1% to 58% and from 1% to
11%, respectively, having the highest frequencies in Gulf
countries [54]. Therefore, implementation of public health
approaches to prevent hemoglobinopathies in Arab coun-
tries, including newborn screening and premarital screening
for carriers of thalassemia, should be improved [9, 54].

Although the testing is obligatory, the decision of the
high-risk cases whether to proceed with the marriage or not
depends on the couple [52]. Despite genetic counseling, the
premarital testing program in Saudi Arabia has not effec-
tively decreased the incidence of high-risk couple marriages,

as the percentage of the high-risk couple who proceeded with
their marriage was 90% in 2007 and 98% in 2010 [41, 55]. In
2014, the Saudi Ministry of Health indicated that 3000 out of
7500 individuals who were “physically incompatible” for
thalassemia against medical advice were married [53].

The UAE has a 50% consanguineous marriage rate and a
considerable prevalence of thalassemia carriers [56, 57]. This
high prevalence indicates a public health concern since there
will be a 25% chance of having a child with thalassemia major
if a carrier-carrier marriage occurs, leading to a likely
increase in thalassemia major population; moreover, the
UAE has the most varied heterozygotes of β-thalassemia
[56, 58].

In 2008, the UAE government introduced a nationwide
campaign to promote premarital screening, which provides
a nondirective genetic counseling to at-risk couples [59].
At-risk couples obtain information about the risk of having
a child with thalassemia and decisions of prenatal and neona-
tal diagnosis. The final decision to proceed or to decline mar-
riage depends on them, and many at-risk couples choose to
proceed with the marriage [59]. The termination of preg-
nancy is not practiced as a solution for the prevention of thal-
assemia in the UAE [1]. However, the number of affected
births is halved in comparison with the time before the intro-
duction of the preventive screening program [1].

Two strategies have been made to manage thalassemia;
the first strategy was the premarital screening to prevent
the carrier population intermarriage, and the second strategy
was educating young adults about thalassemia to decline
marriage among the carrier populations. The baseline expec-
tation was the reduction of the major thalassemia population
and the eventual elimination of thalassemia.

As in many other countries, UAE also celebrates a free
rank of thalassemia due to various prevention methods
[60]. Since a high proportion of the working population
resides in this relatively young country, the number of thalas-
semia carriers will simultaneously increase with the growing
UAE population [1]. This predicts that in the UAE, the prev-
alence of thalassemia among the at-risk population will be
enhanced by marriage among the carrier population, and
thalassemia cases are highly likely to reappear.

In Oman, Hassan et al. documented that thalassemia was
one of the main problems faced by public health in Oman,
and untreated thalassemia patients are likely to die early in
infancy and treatment is required to delay the premature
death [61]. Options offered to prevent the disease, such as
premarital screening and genetic counseling of high-risk cou-
ples, are limited to partner choice as the prenatal diagnosis,
and medical abortion of the affected fetus is not permitted
in Oman. Moreover, there is no clear distribution of thalasse-
mia in Kuwait [62].

In Kuwait, Adekile et al. [62] studied the globin gene
mutations associated with β-thalassemia intermedia and
concluded that screening should commence with these two
common alleles in Kuwaiti patients presenting with β-thalas-
semia syndrome. The early examination will avoid the
complications of an additional hyper transfusion program.

AlHamdan et al. conducted a cross-sectional study in
Saudi Arabia and estimated the prevalence of thalassemia
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(carrier or diseased) to be 0.07% of the screened 488315 indi-
viduals. Thalassemia was found to be focused mainly in the
eastern, western, and southwestern parts of the country, indi-
cating the need for improvement in public health education
[41]. A study conducted by Al Jaouni et al. screened 7584
candidates and reported the prevalence of α-thalassemia to
be 40.0% in Jeddah and concluded that the Saudi population
in Jeddah is at risk for hemoglobin disorders. Screening
procedures are essential and should be implemented in the
prevention program as a routine practice [63].

In Bahrain, Hajeri et al. performed a cross-sectional sur-
vey to assess the public knowledge of β-thalassemia and
found that 1297 individuals (65.1%) knew about β-thalasse-
mia, 809 individuals (40·5%) knew that both parents must
be carriers to inherit the disease to a child, and 1547 individ-
uals (77·8%) agreed that premarital checking could prevent
β-thalassemia. Females were found to have more knowledge
than males. Also, married individuals seem to know more
about β-thalassemia than the unmarried ones [11].

A study was conducted by Hassan et al. [61] in Oman to
determine the frequency and distribution of the various β-
alleles. The study examined 446 cases from seven different
regions with β-hemoglobinopathies and concluded that the
wide heterogeneous spectrum of β-thalassemia mutations
could be associated with the history of trade and migration.

Similarly, Kamal et al. in Qatar examined the association
between microcytic anemia and α-thalassemia in children.
The study reported that a significant number of the pediatric
population with microcytic hypochromic anemia selected
through preschool health assessment programs at public
schools are carriers of α-thalassemia mutations [64].

In UAE, Kim et al. [1] demonstrated whether thalassemia
prevention methods such as premarital screening and educa-
tion can result in the eradication of thalassemia in the long
term via a mathematical model by studying different sub-
groups among the population, such as three age groups, three
genetic groups, two screening groups, and two thalassemia
education groups. The authors concluded that these factors
could decrease the prevalence of the disease only for the short
term but not eradicate the condition in the long-term period
[1]. Moreover, Attia et al. screened 17826 individuals in the
UAE and showed that the prevalence of β-thalassemia
among the total study population was 2.98%, and 28
(0,31%) couples were declared high-risk hemoglobinopathy
[65].

Olwi et al. [53] had conducted a cross-sectional survey of
a random sample of 920 senior students at King Abdulaziz
University, Saudi Arabia. A questionnaire was used to collect
data about thalassemia and sociodemographic characteris-
tics. From this survey, they observed that Saudi Arabia has
one of the highest prevalence of thalassemia, and the coun-
try’s effort to reduce the rate of thalassemia through premar-
ital testing has not significantly decreased the rate of
marriage among high-risk couples.

This systematic review has several strengths. The search
strategy was quite comprehensive using many electronic
databases, and a large number of a good quality of studies
were included in this review, and only two studies out of
the 18 studies were of poor quality.

However, the main limitation of this systematic review
was the lack of data from other GCC countries, and the data
reporting the mortality rates and the possible complications.

5. Conclusion

Despite the national obligatory premarital examination
screening (PMSGC) program for thalassemia, the premarital
testing program could not effectively diminish the incidence
of high-risk couple marriages. However, from the previous
study findings, it can be recommended that targeting young
adults and increasing their awareness about thalassemia
and its burden would decline marriage among the carrier
populations and decrease the incidence of such disorders.
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