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ABSTRACT 
Introduction: Thalassaemia has been prevalent with high 
morbidity and mortality rates since 1925. Although there is a 
lack of systematic review on the costs of prevention that has 
yielded reductions in thalassaemia prevalence, this review 
will show a widespread presence of complex but effective 
strategies in reducing national thalassaemia prevalence.  

Materials and Methods: A systematic search was conducted 
using the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA 2020). Designated keywords 
were combined with search functions and Boolean 
operators in databases like Scopus, Web of Science and 
several other search databases.  

Results: The search identifed 5425 potential articles. Most 
countries reported a decline in thalassaemia prevalence after 
implementing intervention programmes for several decades. 
The screening methods, however, varies, and the speed of 
reductions depends on the type of screening approach that 
involves blood screening of adolescence and antenatal 
mothers and, in some countries, includes termination of 
pregnancy. In addition, the cost of these initiatives varies as 
it was challenging to find a common denominator. However, 
the endpoint concedes that the cost of screening, although 
substantial, would be offset by the cost of reduction of cases. 
In some countries, cost-effectiveness analyses have been 
reported to support the initiatives of thalassaemia screening 
and prevention in the long run.  

CONCLUSION: The results showed significant variations in 
success rates with a significant reduction in the prevalence 
of Thalassaemia. Most successful are countries with 
comprehensive and aggressive prevention and control 
programmes that engaged with lab screening, counselling, 
and termination of pregnancy as a package. 

KEYWORDS: 
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screening methods, treatment cost  

INTRODUCTION 
Countries conducting thalassaemia screening and prevention 
programmes took several years to witness the decline in 
thalassemia births. The cost of a national screening 
programme that must be borne upfront is often high and 

needs to contend with other competing priorities. Hence, it 
requires political decisions based on sound evidence of the 
cost-effectiveness of screening to make a financial 
commitment to initiate these programmes. However, such 
commitment is not a one-off but a continuous undertaking of 
birth reduction aiming for zero new thalassaemia birth when 
the budget allows. 

Cao et al., reported that the global prevalence of 
thalassaemia is still high.1 In 2013, 56,000 children were born 
with thalassaemia major, where approximately 30,000 were 
affected by beta-thalassaemia, and 3,500 succumbed 
perinatally from the debilitating hydrops foetalis syndrome. 
The global incidence of symptomatic individuals is estimated 
to be one in 100,000.2 Kadhim et al.,3 stated that 
thalassaemia occurs in 4.4/10,000 live births. As reported in 
2017 by Origa R, approximately 68,000 children are born 
with various thalassaemia syndromes yearly.4 

Countries with high prevalence have made impressive 
thalassaemia prevention and control. There are several 
approaches adopted, and studies have reported the various 
outcomes of these initiatives at the country level. A successful 
initiative has been demonstrated in North Cyprus. They 
started with high carrier rates of thalassaemia. Two studies in 
1946 and 1973 reported thalassaemia carrier rates of 18.2% 
and 15%, respectively. North Cyprus made an unprecedented 
decision to introduce a screening programme. It started in 
1979 to screen high-risk families. The following year, pre-
marital screening became legally required in 1980. Prenatal 
diagnosis began with foetal blood sampling techniques in 
1984. Later in 1991, DNA techniques replaced foetal blood 
sampling. Since the prenatal diagnosis began, affected birth 
rates have dropped dramatically, compared to an average of 
18-20 cases per year. North Cyprus has earned the honour as
the first country to achieve a satisfactory reduction in carriers
and thalassaemia major newborns. Between 1991 and 2001,
only five thalassaemic babies were born, or only one every 2-
3 years. No thalassaemic babies were born between 2001 and
2007.5 In another study reported by Şanlidağ et al.6, since the
mandatory pre-marital screening in North Cyprus, there was 
a successful depletion of new thalassaemic babies born since 
2001.  

A study in Iran has shown the importance of screening, in 
which those who were positive carriers have voluntarily 
cancelled their marriage intention. Between 2002 and 2006, 
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the average rate of marriage cancellation among the carrier 
couples was reported at 53%, with a minimum rate of 38% in 
2003 and a maximum rate of 69% in 2006.7 
 
The importance of initiating a thalassaemia screening and 
prevention programme is to lighten the cost burden of 
treating primary thalassaemia patients, which need lifelong 
treatment, including life-long blood transfusions and 
chelation therapy. In addition, complete blood counts, iron 
studies, and heart, kidney, and liver tests are required. Often 
cases need to be referred to medical specialists such as 
paediatricians, haematologists, and endocrinologists. Such 
follow-ups incur additional charges, such as hormonal 
investigations for growth monitoring.8 In 2011, a decade ago, 
the total expenses throughout life for a patient with 
thalassaemia major were projected to be GBP219,608.9 In 
Malaysia, Shafie et al.,10 reported that the lifetime cost per 
Transfusion Dependent Thalassaemia (TDT) patient was 
USD606,665 extracted from the sum of lifetime healthcare 
costs. The price has increased many folds since, with these 
patients living longer and the increased treatment cost. 
 
To the best of our knowledge, systematic reviews on 
thalassaemia screening, birth reduction initiatives, and 
relation to the programme’s cost have not been reported. This 
study provides a comprehensive summary of the retrieved 
literature through a systematic search of various screening of 
thalassaemia initiatives in several countries. Therefore, the 
shared birth outcomes and costs incurred or saved can help 
administrators make decisions based on high-quality 
evidence of the intervention costs and outcomes. In addition, 
the quality of the included literature was evaluated by 
employing the updated PRISMA 2020 and Mixed Methods 
Appraisal Tool (MATT) method. 
 
 
MATERIALS AND METHODS 
Review Protocol 
A systematic search was conducted using the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA 2020) Statement guidelines of quantitative and 
qualitative studies.11 The authors used several methods to 
identify synonyms and related terms for four main keywords 
related to screening programmes, birth, cost and success and 
narrowed them down to topics like thalassaemia screening 
and birth reduction initiatives, including prevalence, burden, 
challenges, impact, declining, prenatal, children, born, 
success and family. These keywords were combined with 
search functions and Boolean operators in databases like 
Scopus and Web of Science and identified 5,425 potential 
articles. The authors also manually searched databases like 
Science Direct, Emerald, Taylor Francis, Springer Link and 
Sage Journals.  
 
Formulation of Research Question 
The formulation of the research question was based on PICO, 
a tool that assists authors in developing a relevant research 
question for the review. PICO is based on three main 
concepts: Population or Problem, Interest and Context. Based 
on these concepts, the authors have included three main 
aspects in the review, namely thalassaemia patients 
(Population), treatment cost-effectiveness (Interest) and 

screening programmes (context) which then guide the 
authors to formulate its main research question—What are 
the costs and the outcomes of the thalassaemia screening 
programme in reducing the birth incidence of thalassaemia? 
 
Screening and Eligibility Criteria 
The eligible inclusion criteria of the literature met the 
following: (a) Thalassaemia patients as the target 
population; (b) articles expressing comparison birth numbers 
after the intervention was implemented; (c) the study 
contained economic evaluation where results expressed with 
the cost comparison between pre-and post-intervention as 
well as (d) articles published between 1992 until December 
2022. In addition, non-original articles (e.g. drafts, case 
studies, conference posters or abstracts) were excluded. This 
systematic review only considered full-text articles in the 
English language.  
 
 
RESULTS 
Figure 1 illustrates the identification process of studies 
collected and screened. In total, 5,425 were from electronic 
databases. We removed 4,905 articles, including non-
published articles, those published before 1984, non-English 
and did not meet the criteria by browsing the titles and 
abstracts. This includes another 21 duplicates, which then 
came to 499 full-text articles eligible for review. Further 
article exclusion was made on those which do not focus on 
the four main keywords used for searching the database, 
based on screening the title (n=260), abstract (n=65) and 
content (n=6). Another 118 articles were excluded after 
quality appraisal. Finally, 50 full-text studies were included 
and analysed in this review. 
 
Quality Appraisal 
With the assistance of two co-authors, the corresponding 
author assessed each article’s methodological and analytical 
rigour. Each article was carefully read, focusing on its 
methodology section and the analysis undertaken. Then, 
guided by the Mixed Methods Appraisal Tool, the authors 
scrutinised the articles, searching for the consistency of the 
sampling and analysis undertaken (e.g., random sampling vs 
inferential analysis). Each article was assessed based on five 
criteria with three options provided in presenting their 
answers: ‘yes’, ‘no’ and ‘do not know/cannot tell’. The articles 
were included in the review if they passed at least three 
criteria. All decisions on the assessment were based on 
mutual agreement. 
 
Study Characteristics 
The essential characteristics of the 50 included full-text 
studies are reported in Table I. These studies were performed 
in 21 different countries, including Iran (n=9),12-20 Malaysia 
(n=4),9-10,20,21 and Cyprus (n=3),5,6,23. Iraq,3,24 Canada,25,26 
Turkey,27,28 Israel,29,30 Sri Lanka,31,32 Thailand,33,34 Greece,35,36 
India,37,38 Palestine,39,40 and Italy41-42 each contributed two 
publications. Publications from the remaining countries each 
have a single citation:, Singapore,43 Omani,44 Saudi Arabia,45 
France,46 Taiwan,47 Maldives48 and China49. Iran, Malaysia, 
and Cyprus accounted for most studies, between three to 
eight articles.  
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No.    Author                                    Year         Countries  
1.       Longinotti et al.41                   1994              Italy 
 
2.       Haque et al.21                         2015          Malaysia 
 
3.       Ibrahim et al.22                       2020          Malaysia 
 
 
4.       Gholam Hasan et al.12            2013              Iran 
5.       Miri et al.13                             2013              Iran 
 
6.       Canatan27                                2011            Turkey 
7.       Kattamis et al.54                     2020                 - 
8.       Şanlidağ et al.6                       2016            Cyprus 
 
 
9.       Wong et al.43                          2009         Singapore 
10.     Safdar et al.48                         2017                 - 
 
11.     Mustafa et al.55                      2020          Maldives 
 
 
12.     Voskaridou et al.35                 2019            Greece 
 
 
13.     Bozkurt5                                  2007            Cyprus 
 
14.     Koren et al.29                          2014             Israel 
 
15.     Alkindi et al.44                        2010            Omani 
 
16.     Kadhim et al.3                        2017              Iraq 
 
17.     Saffi et al.28                             2015            Turkey 
 
 
18.     Samavat et al.14                      2004              Iran 
19.     Chern et al.56                          2006                 - 
 
20.     Saba et al.42                            2017              Italy 
 
 
21.     Sirdah et al.40                          1998          Palestine 
 
22.     Langlois et al.25                      2010           Canada 
 
23.     Esmaeilzadeh et al.15             2021              Iran 
 
24.     AlHamdan et al.45                  2007       Saudi Arabia 
 
25.     Colah et al.37                           2017             India 
26.     Cowan23                                  2009            Cyprus 
 
27.     Karimi et al.17                         2007              Iran 
 
28.     Lena-Russo et al.46                  2002            France 
 
29.     Mitchell et al.26                       1996           Canada 
 
 
30.     Rahbari et al.20                       2014              Iran 
 
 
31.     Tarazi et al.39                          2007          Palestine 
 
32.     Jameela et al.9                        2011          Malaysia 

Title  
A 12‐year preventive program for β‐thalassaemia in 
Northern Sardinia  
Thalassaemia: Level of awareness among the future 
health care providers of Malaysia 
Observational study on the current status of thalassaemia 
in Malaysia: a report from the Malaysian Thalassaemia 
Registry 
Frequency of Thalassaemia in Iran and Khorasan Razavi  
Thalassaemia in Iran in the last twenty years: the carrier 
rates and the births trend  
Haemoglobinopathy prevention program in Turkey  
Changing patterns in the epidemiology of β‐thalassaemia  
Prevalence of Thalassaemia Trait & Iron Deficiency 
Anaemia during Infancy in 2011–2013 in a Thalassaemia 
Prevalent Region: North Cyprus  
Prevalence of haemoglobinopathies in Singapore 
Economic Burden of Thalassaemia on Parents of 
Thalassaemic Children: A Multi-Centre Study 
Genetic epidemiology of beta-thalassaemia in the 
Maldives: 23 years of a beta-thalassaemia screening 
program 
National registry of hemoglobinopathies in Greece: 
updated demographics, current trends in affected births, 
and causes of mortality 
Results from the North Cyprus thalassaemia prevention 
program  
Prevention of β-thalassaemia in Northern Israel-A cost-
benefit analysis  
Forecasting hemoglobinopathy burden through neonatal 
screening in Omani neonates  
Prevalence, incidence, trend, and complications of 
thalassaemia in Iraq  
Exploring the Effectiveness of Mandatory Premarital 
Screening and Genetic Counselling Programmes for β-
Thalassaemia in the Middle East: A Scoping Review 
Iranian national thalassaemia screening programme 
Impact of a national β-thalassaemia carrier screening 
program on the birth rate of thalassaemia major 
Non-invasive prenatal diagnosis of beta-thalassaemia by 
semiconductor sequencing: a feasibility study in the 
Sardinian population 
Screening secondary school students in the Gaza Strip for 
β-thalassaemia trait 
Carrier screening for thalassaemia and 
hemoglobinopathies in Canada  
Major Thalassemia, Screening or Treatment: An Economic 
Evaluation Study in Iran 
Premarital screening for thalassaemia and sickle cell 
disease in Saudi Arabia. 
Burden of thalassemia in India: the road map for control 
Moving up the slippery slope: mandated genetic 
screening on Cyprus. 
Premarital screening for beta-thalassaemia in Southern 
Iran: options for improving the programme 
Outcome of a school screening programme for carriers of 
haemoglobin disease 
Twenty-year outcome analysis of genetic screening 
programs for Tay-Sachs and beta-thalassaemia disease 
carriers in high schools 
Dropouts and social determinants of health; policy for the 
prevention of school dropout, qualitative study of the 
causes and interventions 
Obligatory premarital tests for β‐thalassaemia in the Gaza 
Strip: evaluation and recommendations. 
Thalassaemia screening among students in a secondary 
school in Ampang, Malaysia 

Themes 
 
 
 
 
 
 
 
 
 

Theme 1: 
Prevalence 

 

 

 

 

 

 

 

 

 

 

 

Theme 2: 

Birth 
reduction 

 

 

 

 

 

 

 

 

 

 

 

 

 

Theme 3: 
Screening 

Table I: Articles included for review according to themes
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Themes 
 
 
 
 

Theme 4: 
Programme 

cost 
 
 
 
 
 
 
 
 
 
 

Theme 5: 
Treatment 

Cost 
 
 
 
 
 
 
 
 
 

Theme 6: 
Cost-

effectiveness 

No.    Author                                    Year         Countries  

33.     Ostrowsky et al.57                   1985                 - 
 
34.     Voskaridou et al.36                 2012            Greece 
 
 
35.     Shafie et al.10                          2021          Malaysia 
 
 
36.     Ginsberg et al.30                     1998             Israel 
 
37.     Ghotbi et al.18                         2005              Iran 
 
38.     Riewpaiboon et al.33              2010          Thailand 
 
39.     Sattari et al.19                         2019              Iran 
 
40.     Ho et al.47                               2006            Taiwan 
 
 
41.     Pankaj et al.38                         2010             India 
 
42.     Karnon et al.31                        2000          Sri Lanka 
 
43.     Karnon et al.58                        2012                 - 
 
44.     Mutar et al.24                          2020              Iraq 
 
45.     Esmaeilzadeh et al.16             2016              Iran 
46.     Leech et al.59                           2018                 - 
 
 
47.     Bang et al.60                            2014                 - 
 
48.     Amarasinghe et al.32              2022          Sri Lanka 
 
49.     Laoarayawat et al.34               2020          Thailand 
 
 
50.     Leung et al.49                          2004             China 

Title  
Cost-benefit analysis of a thalassaemia disease prevention 
program 
A national registry of haemoglobinopathies in Greece: 
deducted demographics, trends in mortality and affected 
births  
The economic burden in the management of transfusion-
dependent thalassaemia patients in Malaysia from a 
societal perspective 
Cost-benefit analysis of a national thalassaemia 
prevention programme in Israel 
Evaluation of the national health policy of thalassaemia 
screening in the Islamic Republic of Iran. 
Economic burden of beta-thalassaemia/Hb E and beta-
thalassaemia major in Thai children 
The financial and social impact of thalassaemia and its 
treatment in Iran  
Financial burden of national health insurance for treating 
patients with transfusion-dependent thalassaemia in 
Taiwan  
Expenditure to Treat Thalassaemia: An Experience at a 
Tertiary Care Hospital in India 
Thalassaemia in Sri Lanka: implications for the future 
health burden of Asian populations. 
Lifetime Cost-Utility Analyses of Deferasirox in Beta-
Thalassaemia Patients with Chronic Iron Overload 
Thalassaemia Prevention Program in Iraq: Cost-
Effectiveness and Applicability 
Economic burden of thalassaemia major in Iran, 2015 
Use and misuse of cost-effectiveness analysis thresholds in 
low-and middle-income countries: trends in cost-per-DALY 
studies 
Cost-effectiveness analysis: a proposal of new reporting 
standards in statistical analysis 
Redesigning new policy options for thalassaemia 
prevention in Sri Lanka 
Effectiveness Analysis of Prenatal Screening Program for 
Thalassaemia Between Semi-accelerated Screening Step 
and Current Program 
Cost‐effectiveness of prenatal screening for thalassaemia 
in Hong Kong 

Table I: Articles included for review according to themes

Data Extraction and Analysis 
The articles were thematically analysed, given that the 
review relied on diverse research designs, presenting the best 
ways to integrate the differences by performing a qualitative 
synthesis.50 While several qualitative syntheses could be 
applied, the present review relied on the approach suggested 
by Flemming et al.,51 who stressed the suitability of thematic 
synthesis for synthesising data from diverse research designs 
due to its flexible mode. Furthermore, thematic analysis 
attempts to identify and notify the pattern of existing studies 
by detecting any similarities or relationships that could exist 
in available data.52 In this review, the thematic synthesis was 
based on the steps suggested by Kiger et al.53  
 
Firstly, agreement and disagreement were quickly settled via 
discussion among the authors. Based on this process, all 
authors agreed that all selected articles passed the minimum 
quality requirement regarding the methodology and 
analysis. Secondly, the generation of codes was conducted. 
Data were organised at a granular and specific level. During 
this stage, selected articles and extracted any data related to 
the main research question. The third process involved theme 

generation. The researchers practised inductive coding 
frameworks and attempted to note any interests, similarities, 
and connections between the extracted data. The themes 
developed were associated with the original data and 
reflective of the entire data set.52 During this process, six main 
themes were developed.  
 
Developing the Themes 
The thematic analysis was undertaken on 50 articles. It 
resulted in six main themes (a) prevalence and thalassaemia 
burden, (b) birth reduction, (c) screening methods, (d) 
programme cost, (e) treatment cost and (f) cost-effectiveness. 
Based on the results, six themes provided answers to the main 
research question of this SLR, ‘how do the thalassaemia 
screening programmes help reduce the birth and cost burden 
of the country?’ The background of the selected studies is 
explained in the following section.  
 
Findings from the review concluded six thematic areas in 
analysing the success of thalassaemia screening in reducing 
birth. The six main themes are (1) prevalence and 
thalassaemia burden, (2) birth reduction, (3) screening 
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methods, (4) programme cost, (5) treatment cost and (6) cost-
effectiveness. Figure 2 represents the six thematic areas and 
the articles associated with each category. A detailed listing 
of the articles included is provided in Table I. 
  
 
DISCUSSION 
Prevalence of Thalassaemia 
The prevalence of a condition is the percentage of people in 
a population who have that condition at a particular time or 
over a period of time. In this systematic review, the authors 
have analysed the prevalence of thalassaemia in several 
countries, including Cyprus, Iran, Maldives, Malaysia, 
Sardinia, Singapore, and Turkey. It provides a more objective 
measurement and mitigation effectiveness and facilitates 
ease in comparing data from different populations. 
 
 

The prevalence of thalassaemia is exceptionally high in 
certain parts of the world, known as the ‘thalassaemia belt’.61 
This belt includes countries in the Mediterranean region, 
Southeast Asia, and parts of Africa where the frequency of 
carriers of the thalassaemia gene is high. In these countries, 
thalassaemia is a significant public health issue, as the high 
prevalence of carriers in the population leads to a high 
incidence of the condition. 
 
Global 
Thalassaemia, a debilitating inherited haematological 
disorder, was first identified in the early 1900s in the United 
States and Italy. As screening for the condition has become 
more widespread, the number of people diagnosed with 
thalassaemia has increased. According to Origa R,4 
thalassaemia is highly prevalent, with an estimated 1.5% of 
the global population carrying the gene for the condition. 
This translates to around 80 to 90 million carriers worldwide. 

Fig. 1: PRISMA flow diagram 
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Thalassaemia is prevalent in many parts of the world, 
particularly in the ‘thalassaemia belt’, which stretches from 
the Mediterranean basin to Southeast Asia. It is also found in 
Central Asia, Southern China, and the Far East, as well as in 
North Africa and South America. The highest carrier 
frequency has been reported in Cyprus (14%), Sardinia 
(10.3%), and Southeast Asia (3-5%).62 
 
The Mediterranean  
In the Mediterranean region, thalassaemia is especially 
prevalent in countries such as Cyprus, Greece, Italy, Iran and 
Turkey. The prevalence of carriers in these countries ranges 
from 10% to 25%.27,54 This high prevalence is due to the high 
frequency of carriers in these populations. In addition, 
consanguineous marriages (marriages between close 
relatives) are more common in these countries, increasing the 
risk of thalassaemia. 
 
Published articles on thalassaemia in North Cyprus, 
conducted in 1946 and 1973, found frequencies of 18.2% and 
15%, respectively.6 A more recent study conducted in 2013 
found a frequency of 7.9%, representing a 50% decline in the 
prevalence of thalassemia compared to the 1973 study. In 
Sardinia, Cao et al. reported that the estimates of 
thalassaemia prevalence in Sardinia were between 10.3% 
and 15.7% and attributed that the factors of high prevalence 
may be related to genetic and demographic factors.1 It was 
also reported that the 10.3% prevalence was contributed by a 
high prevalence of HbE-beta-thalassaemia in four regions of 
Sardinia.41 In Iran, the overall prevalence was much lower at 
4% in 2013.12 However, in some localities, the Ministry of 
Health in Iran has reported that the provinces of Hormozgan, 
Sistan and Baluchistan, and Mazandaran have an average 
prevalence of 9%, 8.5%, and 8%, respectively.13  

Maldives 
The Maldives has a high prevalence of thalassaemia, with a 
reported rate of 18% of the population.55 This is a significant 
number considering the smaller size of the Maldivian 
population. In addition, the migration of Maldivian citizens 
to other countries has also contributed to the prevalence of 
thalassaemia in those countries. For example, there is a 
reported prevalence of 16% in Cyprus and 3-8% in the 
populations of China, Bangladesh, and Malaysia.48 
 
South-East Asia 
The prevalence of thalassaemia in Asian countries is 
significantly lower. For example, according to Wong et al.63, 
the prevalence of thalassaemia carriers in Malaysia is 4.5-
6%. It was noted that individual perception and stigma 
towards thalassaemia could contribute to the rising 
prevalence of the condition. Approximately 4.5% of the 
population is estimated to be carriers of beta-thalassaemia in 
Iran.13 Moreover, the prevalence rate of beta-thalassaemia in 
Malaysia is similar to Iran and higher among Malay 
ethnicity.22 In Singapore, the nearby neighbour also reported 
in 2009 a 3.7% prevalence for thalassaemia and other 
haemoglobinopathies.43 

 
Thalassaemia Birth Reductions 
It is difficult to provide a specific percentage of thalassaemia 
birth reductions worldwide, as the incidence of thalassaemia 
varies widely from region to region and depends on several 
factors, including the prevalence of the thalassaemia gene in 
a population, access to genetic testing and counselling, and 
the availability and uptake of prevention measures. 
 
 
 

Fig. 2: Six thematic areas
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The Mediterranean Region 
In the Mediterranean region, Thalassaemia preventive 
initiatives have successfully lowered the number of 
Thalassaemia major births in Italy, Greece and Cyprus. 
Between 1972 and 1984, the preventative programme in Italy 
had a success rate of 62%, whereas Greece’s had a success 
rate of 52%.48 In its first epidemiological study, Cyprus 
reported that the prevalence of thalassaemia carriers was 
17.2%.64 Implementing a thalassaemia prevention 
programme in Cyprus, including compulsory premarital 
screening and prenatal diagnosis, has led to a significant 
decline in thalassaemia births. A 2011-2013 study found that 
the prevalence of thalassaemia trait in infancy in the region 
was around 7.9%, with no new cases reported since 2001.5 
The success rate of the prevention programme in Cyprus has 
been estimated to be 96%.48 To hasten the reduction 
initiative, the government implemented a legal provision for 
premarital screening tests to be made compulsory for couples. 
This policy effectively reduced the birth rate of thalassaemic 
babies in the Turkish Cypriot population.5 In Sardinia, an 
expanded thalassaemia screening programme was 
conducted among adults in the province of Sassari from 1980 
to 1991. The programme screened 6.3% of adults, and the 
results showed that the prevalence of beta-thalassaemia was 
15.7%.41 In Iran, a study published by Samavat et al.14 
showed that the intervention programme significantly 
decreased the birth rate of thalassaemia patients from 1998 
to 2002. The success rate of the thalassaemia prevention 
programme was estimated to be 82.3% in 2009, with the 
number of newborn thalassaemia patients falling from 1087 
cases in 1989 to 239 in 2009.13 It is estimated that, in Turkey, 
an average of four or five therapeutic abortions would be 
performed each year, given a 25% incidence of affected 
foetuses. These measures effectively reduce the number of 
thalassaemia births in other countries and could potentially 
be successful in reducing the number of thalassaemia births 
in Turkey.28  
 
Therapeutic abortion, often a subject of intense ethical 
debate, intersects with the principle of non-maleficence, or 
the obligation to do no harm. In the realm of medical ethics, 
the decision to terminate a pregnancy for therapeutic reasons 
requires careful consideration of both the physical and 
mental well-being of the mother, as well as potential harm to 
the foetus.65 Discussions surrounding non-maleficence in the 
context of therapeutic abortion often delve into deeply held 
beliefs about the sanctity of life, autonomy, and the rights of 
both the mother and the unborn child. Some argue that 
allowing therapeutic abortions upholds the principle of non-
maleficence by preventing greater harm to the mother,66 
while others contend that terminating a pregnancy violates 
the inherent dignity and right to life of the foetus.67 Ethical 
considerations in this realm necessitate a nuanced 
understanding of medical, social and cultural factors, as well 
as a commitment to balancing the well-being of all involved 
parties. 
 
For the thalassaemia programme, therapeutic abortion 
pertains to the deliberate termination of a pregnancy upon 
the diagnosis of thalassaemia in the foetus, either through 
prenatal testing or during antenatal care. Various countries 
adopt distinct approaches to define the terms and conditions 

under which termination is permissible. For instance, in 
Germany, abortions are permitted up to the 22nd week for 
foetal abnormalities after a 3-day waiting period, and up to 
the 12th week with counselling or physician approvals, while 
recent Cyprus legislation allows abortions up to 12 weeks 
with a mandatory psychological consultation.68 In Israel, 
abortion regulations have undergone multiple revisions, 
allowing termination under the age of 18 with the approval 
of an appointed committee, potentially extending beyond 24 
weeks.68,69 Iran permits selective abortion up to 15 weeks as 
part of its prevention programme, resulting in a significant 
reduction in the prevalence of new thalassaemia cases.70,71 

Similarly, Turkey allows termination at a younger 
gestational age of 10 weeks, with the possibility of extension 
based on stringent health criteria.72 
 
Therapeutic abortion has been integrated into the national 
prevention and intervention programmes of several 
countries, including Cyprus, Israel, Iran and Turkey. Despite 
facing criticism from religious factions or segments of the 
population regarding abortion, these nations have achieved 
significant reductions in new thalassaemia births.28 
Remarkably, there is no evidence to suggest that these 
countries intend to reverse their decision on therapeutic 
abortion. This underscores the effectiveness of incorporating 
abortion services into comprehensive healthcare strategies 
aimed at mitigating the prevalence of genetic disorders like 
thalassaemia. 
 
Asian Region 
From 2007 to 2011, there were 1483 affected births in 
Malaysia, which decreased to 214 between 2017 and 2018. 
This declining trend is likely due to increased public 
awareness and initiatives like free early population screening 
and health education. Prenatal screening for thalassaemia is 
also available upon request in government hospitals, though 
the screening rate remains low.22 Since 2019 the National 
Prevention and Control programme has been expanded to 
include 14-year-old. The success of the reduction will be 
appreciated once this cohort starts to give birth. In Singapore, 
the success rate of the thalassaemia prevention programme 
was found to be 90%, with the number of new cases falling 
from an average of 37 per year in the 1980s to less than five 
per year in 2000.43  
 
Screening Methods 
Thalassaemia screening was first introduced in the early 
1970s as a national initiative.56 Over the decades, the growth 
of innovation and technology has seen techniques made 
simpler with lesser steps and faster turnaround time with 
greater accuracy. As a result, several types of screening have 
been on the market. However, in this review, the selected 
articles were able to find only three types of screening that 
were adopted which include (1) pre-pregnancy / in the early 
stage of pregnancy/pre-gestational screening/pre-marital, (2) 
prenatal diagnosis/antenatal diagnosis, (3) population 
screening approach. 
 
Pre-conception Screening 
Pre-pregnancy screening for preventing beta-thalassaemia 
and other hemoglobinopathies has been done in Northern 
Israel since 1987.69 Pregnant women were screened on their 
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first visit to community Mother and Child Health Clinics, and 
subsequently, the husbands of the affected women were also 
screened. Other nations have laws requiring premarital 
thalassaemia testing for all couples before marriage 
approval, including Iran since 1991.14,73 The pre-marital 
screening began in Cyprus as early as the 1980s and was 
mandated by the Cypriot Orthodox Church for Greek 
Cypriots before they could get married.23 In 1993, this form of 
mandatory pre-marital thalassaemia screening also 
continued to be a policy in the Palestinian Territories in 
2000,39 and Saudi Arabia in 2003.45 The Taiwan government 
conducted a National Screening Programme to reduce the 
birth rate of thalassaemia major. It involves obstetricians 
routinely screening pregnant women's complete blood 
count.74 These nations implemented the programme backed 
by legal provisions to reduce the prevalence of thalassaemia.  
 
Pre-natal Diagnosis 
As early as 1974, Greece started their prenatal diagnosis 
screening under the Greek National Prevention Program for 
thalassaemia and other haemoglobinopathies. The National 
Prevention Program provides services through the general 
hospital, which consists of a specific haematology unit and a 
prenatal diagnosis unit.75 Both pre and post-test counselling 
are essential for prenatal diagnosis programmes to eliminate 
irrational fears among people, particularly regarding 
stigmatisation. It also helps individuals and families at risk 
come to terms with the situation and consequences of the 
disorder.37 Cyprus started legislating 1980 mandatory 
thalassaemia carrier screening, and a prenatal diagnosis 
programme was started by the end of 1984.76 In Sardinia, the 
married couples who were carriers of the c.118C4T variant in 
the HBB gene were counselled for prenatal diagnosis via 
peripheral blood screening.42 In Israel, couples at risk of 
having affected offspring are referred for genetic counselling 
and prenatal testing starting in 1987.69  
 
Student Screening 
Thalassaemia screening is also offered to secondary high 
school students. A thalassaemia screening programme was 
conducted in India among high school students between 
1984-1988, and 5682 students were screened. Out of which, 
153 (2.7%) were found to have beta-thalassaemia.78 In a 
similar programme on screening over 25,000 high school 
students in Montreal, Canada, from 1972 to 1992, 693 
students were detected as carriers (1 in 36). The carriers 
identified in the high school programme remembered their 
status, had their partners tested and opted for prenatal 
diagnosis if required.25,79 Another study from the Marseille 
region in France evaluated a screening programme for 
secondary school children from 1978 to 1985.80 The study 
assessed the partner’s uptake for testing by sending a letter 
along with an anonymous questionnaire to all the carriers. 
In total, 86% of them knew they had to test their partners. Six 
carrier couples were identified, and four requested prenatal 
diagnosis. Cross-sectional studies were conducted in 
Palestine40 and Malaysia.9 This screening exercise showed 
that thalassaemia carriers are common and are feasible to 
carry out a screening programme for secondary high school 
students and will impact the prevalence of thalassaemia. 
 
Treatment and prevention are complementary and can 
reduce healthcare expenditure, particularly in the case of 

thalassaemia, to improve quality of life. Practical preventive 
approaches have demonstrated success in the above 
countries described. However, screening programs need to be 
backed by public education and a combination of regulatory 
frameworks to provide people with the information they need 
to make wise decisions and guarantee that people are not 
subjected to discrimination because of the findings of their 
tests. The screening programme is usually packaged with 
genetic counselling for individuals at risk, offers carrier 
testing to individuals with a family history of the disorder 
and provides prenatal diagnosis for pregnant women at risk 
of having a child with thalassaemia.  
 
Programme Cost  
The lifetime healthcare costs of transfusion-dependent 
thalassaemia from countries (such as the United Kingdom, 
United States, Italy, Iran, Thailand, Taiwan and India vary 
between USD363,149 and USD720,201.10 This may include 
home infusion service, chelating agent, stay in the hospital, 
operation, outpatient visits, laboratory tests and therapist.30 
In addition, studies have demonstrated that screening and 
prevention initiatives reduce the number of newborns with 
thalassaemia but are also cost-effective compared to 
providing people with thalassaemia who depend on blood 
transfusions with lifelong supportive care.10 
 
The World Health Organization committee emphasised a 
significant economic value that would  could result from 
preventing thalassaemia in several European populations 
with a high incidence of the disease.80 In Cyprus, the annual 
cost of operating the screening and prenatal diagnosis 
programme is about the same to the cost of treatment of 
existing patients for five years. Meanwhile, in Sardinia, it is 
estimated that a reducing the prevalence of thalassaemia by 
90% would allow the establishment of a prevention 
programme to be paid off in three years from the start of the 
services; thereafter, the total cost of treatment would steadily 
reduce to one-fifth of the projected cost of treatment over the 
next five years.57 
 
Thalassaemia Prevention Programme operates differently in 
different countries. Without prevention, annual treatment 
costs could rise to over USD150 million annually for one birth 
in Iran. The estimated annual cost of prevention in Iran is 
USD7,730 compared to the cost of treating thalassaemia, 
which is USD12,387.16 Referring to the annual number of 
1251 births of thalassaemia major here, the cost difference of 
USD3 million was saved by implementing the prevention 
screening programme.  
 
The Israel National Screening Programme for Thalassaemia 
costs USD900,197, amounting to USD4.6 million for 13 
homozygotes born. However, if the screening programme is 
not implemented, the lifetime medical care costs for 26 
homozygotes would amount to USD7.5 million.30 In another 
study by Koren et al., the cost of preventing one affected 
newborn was USD63,660 compared to USD1,971,380 for 
treating a patient for 50 years (mean annual cost: 
USD39,427).29 Therefore, the preventative programme still 
benefits USD76 million over ten years, even after deducting 
the cost of the prevention programme (USD413.80/year). 
Therefore, each case prevented could cover the cost of 
screening and prevention programmes for 4.6 years. 
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The annual cost of carrier screening for thalassaemia trait in 
Montreal was USD26,648. The total undiscounted sum of 
these costs for the first 25 years of treatment is USD176,426 or 
USD7,057/per patient per year.57 In Greece, there are several 
programmes in place to prevent the occurrence of 
thalassaemia. The total annual cost of the prevention 
programme is calculated to be only about EUR1,400,000, 
while the cost of treatment per thalassaemia major patient 
was approximately EUR2,229-4,371 per month.36 In Iraq, it 
was reported in 2016 that each patient’s management cost is 
USD1,428-3,785/month, an average of USD2,606.5 per 
month, with USD31,278 per year. The incidence of 
thalassaemia in Iraq in 2015 was 335 patients. If these cases 
were prevented, assuming the value of the preventive 
measures of USD63,660 would be much more cost-effective 
than case management.24 
 
Treatment Costs 
The various journals that reported treatment costs showed 
varying approaches in presenting their findings. Therefore, 
from the selected journals discussed in this paper, the 
contents for this theme on treatment costs are grouped into 
six ways how the cost are reported, namely, (a) prevention of 
one affected child/patient, (b) the annual cost of prevention, 
(c) cost per patient per month, (d) the annual cost per patient, 
(e) average treatment cost, (f) the lifetime cost of treatment 
and the lifetime cost of treatment. 
 
As the treatment modalities vary between countries, which 
depends on the health infrastructure and resources 
employed, the policy or clinical guidelines that are followed, 
and the GDP for the different years, this article does not 
intend to compare costs between countries directly. Instead, it 
will share the findings to explain the costs incurred. The 
treatment cost is vital information as they significantly 
impact the economy and costs to the family problems, 
notwithstanding the societal problems that the disease may 
compound. 
 
A study conducted by Koren et al., in Israel reported that 
preventing one case of affected β-thalassaemia new-born was 
only one-third the cost of treatment; USD 63,660 compared to 
USD 1.981,380 for treatment of beta-thalassaemia for over a 
lifetime of 50 years.29 We could not find another country to 
compare this cost. However, Ostrowsky et al. reported that the 
annual cost of carrier screening for the thalassaemia trait in 
Montreal was USD26,648, which appeared to be far cheaper 
than reported by Koren et al. 29,57 In Greece, a study in 2012 
showed the total annual cost of the prevention programme is 
calculated to be only about EUR1,400,000 or USD1,089,340 
(Av exchange rate 1 USD in 2012:0.7781 EUR).36 The scope of 
the screening prevention programmes in these countries may 
be very different to make a fair comparison. 
 
Greece has started focusing on thalassaemia screening and 
treatment since the 1970s. This has given a positive outcome, 
given medical and supportive management, and it has 
provided an overall survival rate of 65% at the age of 50 
years.  Voskaridou et al.36 2012 estimated the cost of 
treatment per thalassaemia major patient to be 
approximately EUR2,229-4,371 per month. In Iraq, Mutar et 
al., shared that each patient’s management cost is 

USD1,428.00-3,785.00/month; this includes blood 
transfusion and drugs, as this is calculated for life.24 
 
In India, de Silva et al. found that the treatment cost includes 
costs of blood and its preparation, chelating agents, essential 
investigations, and hospital visits, and calculated that the 
average cost of treatment for the patient for a year is about 
INR175,000 (USD2,465).81 A recent Indian study showed that 
the treatment of TDT was estimated to be USD1,135 
annually.82 While this study showed that in Thailand, the 
annual average cost of treatment from a societal perspective 
was approximately USD950 (at the year 2005 prices), of 
which 59% was direct medical cost, 17% was direct non-
medical cost, and 24% was indirect cost. The total 
undiscounted costs for the first 25 years of treatment are 
USD176,426 or USD7,057 per patient-year.33 
 
Taiwan reported that the undiscounted lifetime cost of 
treating TDT study was estimated at USD561,208.47 Shafie et 
al., noted that in Malaysia, a TDT patient is expected to 
incur. Therefore, the lifetime cost of TDT patients is estimated 
to be USD 606,665.10 In the United Kingdom, Karnon et al. in 
1999, reported that the undiscounted lifetime cost of treating 
a beta-thalassaemia major patient was estimated to be 
GBP803,002.31 However, when the costs were discounted at a 
rate of 6%, the lifetime cost was reduced to GBP219,068.  
 
Cost-Effectiveness of Prevention 
From the various papers screened on thalassaemia, it was 
noted that many studies commonly reported, among others, 
prevalence, the cost and financial burden, and the screening 
methods, though not all were covered in one paper. Most 
sparingly, however, are studies on cost-effectiveness. Cost-
effectiveness analysis compares the costs and outcomes of 
different strategies to determine which provides the greatest 
value, responding to the need to manage health care's 
significant economic burden and high costs of medical 
interventions.60 This review found only a few studies that 
have reported the cost-effectiveness of the intervention 
programme at the country level. As the approaches reported 
between these countries are dissimilar, this review will share 
the findings of each study in their respective countries. 
 
Israel started their screening and intervention programme in 
1987. In 2014, Koren et al., conducted a cost-effectiveness 
study and found that the cost of preventing one affected 
newborn was USD63,660 compared to the treatment cost, 
which is almost 30 times more, USD1,971,380 for the 
treatment of a patient for 50 years (the mean annual cost: 
USD39,427).29 His study concluded that USD88.5 million of net 
savings to the health budget over 10 years prevented 45 new 
thalassaemia cases, plus an additional USD76 million over 
10 years after deducting the cost of the prevention 
programme (USD413,795/year).83 
 
Iran started the minor thalassaemia screening programmes 
and intervention in 1997, a decade after Israel. It was a solid 
political commitment requiring thalassaemia screening test 
results before approval for official marriage registration. 
Esmaeilzadeh et al., compared the cost of screening and 
treatment.15 The study found that screening techniques 
prevented 26.97 patients with thalassaemia major, and the 
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cost of prevention for each birth was estimated to be 
USD32,624 compared to the treatment cost of USD136,532 
per year. For context, Koren et al., reported significantly lower 
mean annual treatment cost of USD39,427 in Israel.29 
 
In Hong Kong, Leung et al., conducted a cost-effectiveness 
study that retrospectively reviewed the prenatal screening 
programme from 1998 to 2002 and compared the screening 
cost against the treatment cost.49 The study estimated that the 
total expenditure for the screening programme would cost 
HKD10.0 million, much less than the postnatal service costs, 
which were HKD40.4 million for 18 beta-thalassaemia major 
foetuses if they were born. Hong Kong started with an indirect 
approach of serial ultrasound and, subsequently, invasive 
tests for definitive diagnosis in participating prenatal clinics. 
This approach provided 100% sensitivity and a low false 
positive rate of 2.9%. The study recommended that running 
a universal prenatal screening programme in an area where 
both β-thalassaemia and α-thalassaemia are prevalent is 
cost-effective. In addition, the indirect approach can 
effectively avoid an invasive test in unaffected pregnancies. 
 
In 2020, a study in Thailand conducted the cost-effectiveness 
of prenatal screening thalassaemia between two methods; a 
semi-accelerated screening programme was compared with 
the current conventional programme. It was found that the 
new modality could detect many more cases 34 versus only 
eight by the current programme. Thus, the expected costs of 
the semi-accelerated screening programme were higher than 
the current programmes, with a difference of THB609.29 and 
THB462.44.34 However, the cost-effectiveness of the benefits or 
potential future reduction of the cases was not discussed. 
 
Amarasinghe et al., have comprehensively analysed the cost-
effectiveness of thalassaemia prevention in Sri Lanka.32 In 
2022, the study was conducted in five districts where the 
screening programme was implemented. The intervention 
package involved three elements: a) an education 
programme, b) nationwide screening and c) antenatal 
screening with the termination of pregnancy. The study 
found that the previous policy of promoting ‘safe marriages’ 
could reduce one thalassaemia major birth whilst the new 
policy package of a, b and c were able to minimise births by 
14, 35 and 48, respectively. Although the cost per prevention 
was USD 20,084 through termination of pregnancy, the 
authors suggested that a less legal approach to the 
intervention is taking an island-wide screening that will cost 
USD22,324 and mass education costing USD12,420. As a 
combo approach, improving uptake and making it less 
objectionable to the community is cost-effective.  
 
 
LIMITATIONS 
The decline in thalassaemia births can also be attributed to 
the declining population growth rate, and the success of birth 
control programmes can mask the actual decline of the 
programme during the same period. This can be shown by 
the study in Iran, which showed a declining trend in the 
number of birth cases of thalassaemia during the period from 
1989 to 1995, when the prevention programme was not yet 
in place. Since the implementation of the prevention 
programme in 1996, the rate of thalassaemia births has 
declined.13 The thalassemia prevention programme in Iran 

has impacted reducing the number of thalassaemia births in 
the country. Health decision-makers must continue reviewing 
and improving the programme to reduce the number of 
affected patients. Similar scenarios may be common in many 
countries. However, thus far, no studies have shown the rate 
of decline in isolation by the two effects, namely birth control 
and the screening programme. 
 
 
CONCLUSION 
This systematic review found that the thalassaemia 
intervention and control programmes in selected countries 
have reduced thalassaemia births. They include countries in 
the Thalassaemia Belt and others with a high prevalence of 
thalassaemia traits. North Cyprus, Iran, Iraq, Greece, Turkey, 
Oman and Canada have shared their success in reducing the 
incidence between 50% and 90%. North Cyprus, in 
particular, with no reported new cases in recent years. 
Previous studies supported the various intervention 
programmes showing treatment cost-savings if effective 
prevention has been implemented. However, treatment costs 
range from 23 to 65 times more expensive than the cost of the 
screening programme.   
 
This systematic review concluded that countries that have 
invested in screening and control programmes could enjoy 
savings on treatment costs and an appreciative reduction in 
thalassaemia incidence and morbidity. However, the 
screening modality must be tailored to the local culture and 
respect the religious values and sensitivities to earn a 
generous response from the community. The main limitation 
was the matching of the incidence, cost of prevention and 
treatment, which are collated from different authors for 
different years for the country understudied. 
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