
	 An estimated 7,000,000 babies are born each 
year with either a congenital abnormality or a genetic 
disease and that over 90 per cent of these births occur 
in low- or middle-income countries1. Remarkably, of 
these births, approximately 25 per cent consist of only 
five disorders, two of which are monogenic diseases, 
the inherited disorders of haemoglobin and glucose-6-
phosphate dehydrogenase deficiency.

	 Although the World Health Organization (WHO) 
has recognised the importance of the inherited disorders 
of haemoglobin, very little international action has 
been taken towards the development of services for 
the control and management of these conditions. Here, 
I will briefly outline the current state of knowledge 
about the potential global burden that they will pose 
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An estimated 300,000 babies are born each year with a severe inherited disease of haemoglobin and 
that over 80 per cent of these births occur in low- or middle-income countries. As these countries go 
through the epidemiological transition, characterized by a reduction in childhood and infant mortality 
due to improved public health measures, infants who had previously died of these conditions before 
they were recognised are now surviving to present for diagnosis and treatment. For a variety of reasons, 
even in the rich countries there are limited data about the true frequency, natural history, and survival 
of patients with these disorders, information that is absolutely critical towards providing governments 
and international health agencies with accurate information about the true global health burden of 
these conditions. The situation can only be improved by major action on the part of the rich countries 
together with the formation of partnerships between rich and poor countries and input from the major 
international health agencies and funding organisations.
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and some of the steps that require to be taken urgently 
to try to improve the situation. These important issues 
have been discussed at greater length2-4.

Current global estimations of the global burden of 
the important haemoglobin disorders

	 A very approximate breakdown of the numbers 
of annual births of the important haemoglobin 
disorders is shown in the Table. Sickle cell anaemia 
is by far the commonest. The most important forms 
of β-thalassaemia are equally divided between 
β-thalassaemia major and haemoglobin E (HbE) 
β-thalassaemia, which occurs at a high frequency 
in parts of the Indian subcontinent, Bangladesh, 
Myanmar and throughout South-east Asia. The mild 
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forms of α-thalassaemia, the α+-thalassaemias, occur 
at a variably high frequency throughout the tropical 
belt, while the more severe forms of α-thalassaemia, 
the α0-thalassaemias, are restricted to parts of the 
Mediterranean region and, in particular, to South-east 
Asia2-5.

	 Unfortunately, the data summarised in the Table 
have to be interpreted with great caution. In particular, 
these are based on surveys that, in many cases, were 
carried out many years ago and based only on limited 
centres from many different countries. More recent 
studies utilizing micromapping, in which adequate 
sample sizes have been studied from many different 
centres within individual countries, indicate that all the 
haemoglobin disorders occur at very heterogeneous 
levels even within small geographical distances4. For 
example, even in the relatively small island population 
of Sri Lanka, there is considerable variation in the 
frequency of β-thalassaemia and HbE in different 
parts of the island6. Recent data obtained from two 
States in North-west India also show a remarkable 
variation in the frequency of β-thalassaemia over 
short distances and suggest that earlier data for the 
frequency of β-thalassaemia in the Indian subcontinent 
may have been underestimated7. Similar data 
showing a remarkable geographic heterogeneity of 
the thalassaemias have been obtained from Indonesia 
and Viet Nam. And from such data as are available it 
seems likely that the published figures for the numbers 
of births of babies with sickle-cell anaemia in India, 
approximately 25,000, may also be an underestimate5.

	 There are also very limited mortality data for 
the important haemoglobin disorders. In the case of 
sickle cell anaemia and related disorders some data 
are available on survival and on the improvements in 
survival following neonatal screening and the use of 
prophylactic antibiotics or vaccination in a few of the 
richer countries but, globally, there is a severe paucity 

of information of this type3. Similarly, data obtained 
from countries in which a full range of treatment for 
β-thalassaemia is available have shown a considerable 
improvement in survival over the last twenty years8 
but, again, very scare data are available for countries 
where there are limited or no current forms of treatment 
available beyond blood transfusion. And with the 
exception of a few of the richer countries, very limited 
data are available regarding the course and natural 
history of these diseases.

	 In short, the information required to build up a 
true picture of the current global health burden of the 
haemoglobin disorders is very limited, a problem that 
requires urgent attention.

Population genetics and dynamics

	 Why are the inherited haemoglobin disorders so 
common and what is likely to happen to their frequency 
in the future? The extremely high frequency of the 
haemoglobin disorders compared with other monogenic 
diseases reflects several different processes1. First, and 
foremost, is natural selection whereby carriers for 
these diseases have been protected during evolution 
from severe malaria. Hence they have lived longer in 
malarious areas and produced more children until the 
numbers are balanced by the loss from the community 
of homozygotes. A second critical factor is the high 
frequency of consanguineous marriages which tend 
to increase the frequency of any Mendelian recessive 
disorder. The third factor, already mentioned, is the 
epidemiological transition whereby, as neonatal and 
childhood mortality figures decline due to improved 
social conditions, babies who would formerly have 
died with the serious haemoglobin disorders before 
they came to diagnosis are now surviving to present for 
management. Additional factors that maintain the high 
gene frequency include founder effects and gene drift.

	 There is now extensive evidence that the high 
frequency of many of the haemoglobin disorders 
reflects heterozygote, and in the case of α+-
thalassaemia and HbC, homozygote protection 
against Plasmodium falciparum malaria. There is 
also at least some evidence that the high frequency of 
β-thalassaemia and HbE follows the same process9,10. 
Recent studies have underlined the complexity of the 
interactions between malaria and the haemoglobin 
disorders. For example, while the sickle cell trait 
and the heterozygous or homozygous state for α+ 
thalassaemia both provide considerable protection 
against malaria, in those who inherit both traits, 

Table. Annual births of severe disorders of haemoglobin
Sickle cell anaemia

Sub-Saharan Africa 240,932
Elsewhere 92,997
Haemoglobin SC disease 54,736

Thalassaemia
β-thalassaemia major 23,329
Hb E β-thalassaemia 20,588
Hb H disease 14,504
Hb Bart’s hydrops 5,183

Source: Refs 2-5
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malaria protection is cancelled out and individuals 
become equally susceptible to malaria as those who 
carry neither trait11. Such epistatic interactions have 
been modelled and go some way to explaining the 
extraordinary diversity of the frequency of different 
forms of haemoglobin disorder among communities12. 
But even if malaria were to be totally eradicated it 
would take generations for the gene frequencies 
of haemoglobin disorders to decline. And there is 
growing evidence that some forms of thalassaemia, 
certainly α-thalassaemia and HbE β-thalassaemia, 
may render individuals more susceptible to malaria 
due to P. vivax, which is becoming an increasingly 
serious problem in many tropical countries10.

	 While natural selection and consanguinity have 
played a major role in increasing the frequency of 
the haemoglobin disorders, the epidemiological and 
demographic transitions that are occurring in the poorer 
countries of the world will undoubtedly have a major 
influence in setting the frequency of these conditions in 
the future. In many cases increased survival of babies 
with severe haemoglobin disorders due to improvements 
in social conditions and public health are occurring 
in countries with the highest rate of increase in their 
populations. For example, it is currently estimated that 
the population of Africa has risen to approximately one 
billion and could reach close to two billion by 2050. It 
has been estimated recently that if early deaths due to 
infection were controlled there could be a population 
of patients with sickle cell anaemia in excess of six 
million in sub-Saharan Africa by the middle of the 
present century2. Although population growth has 
slowed down somewhat in India and China it is likely 
that their populations will also increase. Given these 
different issues it seems certain that there will be a 
major increase in the population of patients with severe 
thalassaemia over the next fifty years.

Phenotypic diversity of the haemoglobin disorders

	 One of the major problems in developing 
programmes for the control and management of the 
haemoglobin disorders is their remarkable phenotypic 
variability. This applies to both the sickle cell disorders 
and to all the different forms of thalassaemia.

	 There is clear genetic evidence that the sickle 
cell mutation arose at least twice, once in India or the 
Middle East and at least once and perhaps several times 
in sub-Saharan Africa13. Overall, the former form of the 
condition is clinically milder than the African form but 
both varieties show remarkable clinical heterogeneity. 

And although certain genetic modifiers such as the co-
inheritance of α-thalassaemia or polymorphisms of 
genes involved in the regulation of foetal haemoglobin 
production may play an important role in phenotypic 
modification, much remains to be explained. For 
example, the role of the environment in modifying the 
phenotype has remained largely unexplored.

	 Similar heterogeneity exists in the case of the 
different forms of thalassaemia. The most remarkable 
example is HbE β-thalassaemia, in which patients 
with similar β-thalassaemia mutations may have 
phenotypes varying from transfusion-dependent 
anaemia for life to conditions characterized by 
reasonable growth and development, albeit at lower 
haemoglobin levels, without the need for transfusion14. 
While α-thalassaemia and the level of HbF have also 
been found to be important genetic modifiers of this 
condition it is clear that many of the complications 
are also modified by genetic factors and that both 
developmental changes and differences in adaptation to 
anaemia are important factors. There is also increasing 
evidence that the environment, particularly exposure to 
malaria and other infections, are important modifiers. 
There is also growing evidence that the different severe 
forms of α-thalassaemia, notably HbH disease, show 
remarkable heterogeneity, particularly related to the 
underlying molecular forms.

	 Until we have a better understanding of the 
genetic and environmental basis for this phenotypic 
heterogeneity it will be difficult to develop programmes 
for the control and management of many of these 
conditions.

Current approaches to control and management

	 The only approach to the radical cure of the 
important haemoglobin disorders is bone marrow 
transplantation in cases where suitable donors are 
available. In many countries premarital screening 
followed by prenatal diagnosis has reduced the numbers 
of births of affected babies. And there have been genuine 
improvements in the symptomatic management of all 
these conditions over the last twenty years.   

	 Because of the uncertainties of the prognosis both 
marrow transplantation and prenatal diagnosis have 
been applied less to the sickle cell anaemias than to the 
thalassaemias. A major advance in the control of this 
condition has followed neonatal screening programmes 
after which affected babies are given either vaccines 
or prophylactic antibiotics, with a marked reduction 
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in death from infection during the first years of life. 
Symptomatic improvement has undoubtedly followed 
the use of hydroxyurea and by the use of prophylactic 
transfusion to reduce the frequency of vascular 
complications, particularly those involving the brain. 
In centres with adequately trained staff there have 
undoubtedly been improvements in the management 
of many of the other complications of sickle cell 
disease15.

	 So far, population screening and marital advice 
alone have not had a major effect on the numbers of 
births of babies with the different forms of thalassaemia. 
However, well designed national prenatal screening 
programmes followed by prenatal diagnosis have 
undoubtedly reduced the frequency of births in many 
of the rich countries. Regular transfusion with the use 
of chelating agents has significantly improved the 
survival of patients with severe forms of α- and β- 
thalassaemia16.

The current position in poorer countries

	 The current position regarding the control and 
management of thalassaemia in Asian countries, as 
compiled by the Asian Thalassaemia Network, has 
been reported recently4. 

	 In short, relatively few countries have national 
thalassaemia control programmes, and although in a 
few cases there are centres of genuine expertise for 
the control and management of the disease, in many 
countries these facilities are only available to those 
who can afford them and the overall position for many 
countries is a complete lack of provision for any aspects 
of the disease.

	 Less is known about the global position regarding 
sickle cell disease although it is apparent that facilities 
for the control and management of this condition in 
sub-Saharan Africa are extremely limited and the 
bulk of babies are still dying early in life. While there 
appear to be some centres with expertise in the Middle 
East and India, the overall position is not clear though 
it seems likely that in many countries the facilities for 
treatment are extremely limited.

The future

	 Possible ways forward for improvements in the 
global control of the haemoglobin disorders have 
been published recently3,4. It is clear that the WHO, 
NGOs and international funding agencies, though 
they may be becoming more aware of the problem of 
the haemoglobin disorders, are not likely to take any 

action in the immediate future. It is vital, therefore, 
that the international haematology community takes 
the initiative.

	 In the case of the thalassaemias, though to a lesser 
degree in the case of the sickle cell disorders, there 
have been many successful examples of North/South 
partnerships over the last twenty years, in which teams 
from the richer countries have paired up with those 
in the developing countries to initiate thalassaemia 
programmes which, at least in some cases, have been 
successful and resulted in the evolution of national 
programmes for the control of the disease3,4. The natural 
follow up of this approach, that is the South/South 
partnership, in which countries which have developed 
expertise can form links with those where no such 
expertise exists has been proposed as an effective way 
forward4. In very large countries like India this might 
include the development of similar partnerships within 
the country. While this approach has been approved by 
the WHO, it has not made any efforts in this direction 
and hence it will be up to the haematology community 
to evolve its own partnerships of this type.

	 The objective of the South/South partnerships is 
to develop training programmes for countries where 
there is limited or no knowledge of the control and 
management of the haemoglobin disorders. Such 
programmes would have the objective of evolving 
micromapping studies in different countries to provide 
evidence about the actual burden of disease in their 
populations, followed by instruction in the control and 
management of these conditions and advice to their 
governments. While a start has been made over the 
last five years in developing an Asian Thalassaemia 
Network4 with these objectives, the main problem 
has been in evolving sufficient funding through 
international health agencies although some slow 
progress is being made. 

	 The WHO have approved a similar approach for the 
better control of sickle cell disease, at least in Africa, 
but again it is being left to individual haematology 
groups to try to evolve partnerships of this type. While 
the evolution of these partnerships seems to be the 
obvious way forward for the control of the haemoglobin 
disorders in the future, these will not be successful until 
international health agencies and funding bodies are 
convinced of the global health burden that is likely to 
be presented by these conditions. Given the continued 
problem of communicable disease, and the epidemics 
of ‘Western’ diseases like coronary artery disease and 
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diabetes in many developing countries, it will not be 
easy to emphasise the importance of genetic disease. 
But if this is not done the position is unlikely to improve 
and the only way forward is to continue to try to collect 
better data about the frequency of these conditions 
in the poorer countries of the world and hence to try 
to convince their governments and the appropriate 
international bodies about their importance.
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