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� Thalassemia is one of the genetic diseases for which there are only a few successful prevention
protocols. In this study, we aimed to analyze data for thalassemia newborns in a period of 6 years to
find out the geographical distribution of cases, the “high-risk” provinces in Iran, the causes of
thalassemia newborn cases, the coverage rate of the prevention programs and the limitations of the
thalassemia registration system.

To further our aim, an analytic cross-sectional study was designed at the Iranian Blood
Transfusion Organization (IBTO), Tehran, Iran. A questionnaire was then prepared to gather
data from each of the 30 provincial centers to find out the number and causes of thalassemia births.
Furthermore, another questionnaire, to be completed by the physicians in charge, was aimed at
gathering data from all 207 thalassemia care centers. We then performed a stratified analysis of the
frequency of distributions; the associations among the existing variables were evaluated using the χ2 or
Fisher’s exact tests at a 5.0% significance level.

According to the findings, from 2001–2006, a total of 2091 thalassemia patients were born. The
main causes were: the at-risk couples not using prenatal diagnosis (PND), marriages before the
commencement of Iranian prevention plans, unregistered marriages based on religious conventions,
among foreign citizens and the existence of some test errors. The causes of birth for 284 (13.6%) of new
cases were not documented. There was a statistically significant difference between the five high-risk
provinces regarding the proportional causes of thalassemia newborns [Pearson χ2 ¼ 4.549; degree of
freedom (df) ¼ 8, p value ¼ 0.0001].

Although the plan succeeded in avoiding the annual birth of 826 new cases on average, there is
continuing concern that more than 300 new cases were born every year during 2001–2006 and new
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prevention strategies need to be put into practice. It is highly recommended that focus be put on factors
persistently causing the birth of new cases, especially in high-risk areas in which the success rates are
lower than 50.0%.

Keywords Thalassemia, Iranian Thalassaemia Prevention Programme, Prevention suc-
cess rate, Iran, Middle East, Genetic diseases

INTRODUCTION

Progress in controlling communicable diseases increases the relative
importance of non communicable diseases including genetic disorders (1).
Thalassemia is one of the genetic diseases mostly prevalent from the
Mediterranean region to East Asia (“Thalassemia Belt”). Reportedly, there
are a few successful thalassemia prevention protocols (Supplement 1) (2,3).

The Iranian Thalassaemia Prevention Programme was formed in 1995;
however, it was only in 1997 when it was officially implemented by the govern-
ment through the primary healthcare network and the National Genetics
Committee. The network includes many institutions such as medical universi-
ties, health departments and rural health houses (4). The acceptability and
effectiveness of preventing thalassemia by carrier screening and genetic coun-
seling in high-risk populations is well established (5). The Iranian Thalassaemia
Prevention Programme was designed to create a general infrastructure for the
prevention of genetic disorders. Screening was included as part of the existing
mandatory premarital blood testing. Initially, complete blood count tests were
done in men to avoid stigmatization of women. Then, at-risk couples were
offered information about thalassemia and genetic counseling because abor-
tion after prenatal diagnosis (PND) was not allowed in Iran at the time (6).

After the start of the program, abortion for the prevention of thalassemia
became legal by a religious verdict (Fatva) and genetic counseling became a
part of the prevention program (3,6,7). Therefore, PNDwas offered at limited
centers throughout the country (8). It was not until 2004 that the success of
the program started to be evaluated. In 2004, Samavat and Modell (4)
reported a significant decrease in the number of new cases with thalassemia
between the years 1998 and 2002. In addition, Abolghasemi et al. (9) men-
tioned that the number of newly diagnosed cases has decreased considerably
after the start of the prevention program.

Nevertheless, none of the researchers were aware of how successful the
program had been in each of the 30 provinces of Iran. In 2008, Khorasani et al.
(10) evaluated the success of the program in Mazandaran (a northern pro-
vince of Iran). According to their findings, a great deal of suffering and an
unbearable financial burden upon patients and their families had been pre-
vented. They also reported that the number of registered patients at the Bou-
Ali Sina Hospital in Sari, the capital city of Mazandaran, had declined from
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500 in 1993 to an average of 35 per year during 1995–2005 (10). Nikuei et al.
(11) reported the rate of success of the program in Hormozgan (a southern
province of Iran). They declared that premarital screening in extended
families, followed by PND, was acceptable as the most effective strategy for
controlling thalassemia in developing countries (11).

The Iranian Thalassaemia Prevention Programme could be considered as
a pattern for some Islamic and a few non Islamic countries. Some Islamic
countries have already started a sort of prevention program which is similar to
the Iranian model; however, these programs cover a limited area in their
respective countries and they are only comparable to the Iranian model from
the planning aspect (Supplement 2) (12–16). Furthermore, a few countries in
Eastern Asia screened α- and β-thalassemia (α- and β-thal) in a limited number
of regions (Supplement 3) (17–20).

Considering the importance of the Iranian national screening and the
experiences of PND in this country as a pattern for Islamic or developing
countries, we should reflect over the program from different aspects. We
aimed at analyzing the data for thalassemia newborns for 6 years in order to
find out the geographical distribution of cases, investigate “high-risk” pro-
vinces (those with over 100 cases of thalassemia during these years), weigh the
relative importance of the causes of thalassemia newborn cases, study the
coverage rate of the Iranian National Thalassemia Prevention Programme,
and shed light on the limitations of the thalassemia registration system in the
country.

MATERIALS AND METHODS

Study Design and Variables

An analytic cross-sectional study was designed for the analysis of data on a
number of thalassemia newborns, their national and provincial distribution,
and the causes of birth including those concerning at-risk couples who did not
use PND, those who got married before the commencement of the Iranian
prevention plan, children born after unregistered marriages based on reli-
gious conventions (the couples who get married and postpone marriage
registration), children born to foreign citizens, screening test errors, and
PND test errors.

Setting

We collected our data over the course of 6 years (2001 to 2006) from the
national Iranian Blood Transfusion Organization (IBTO), Tehran, Iran.
Because of the establishment of hemovigilance committees at all provincial
blood centers of IBTO, we were able to access and include reliable
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information from all thalassemia patients registered in the national thalasse-
mia registry network across the country. Provincial carrier rates and affected
births were gathered from the Genetics Office of the Disease Management
Centre based at Iran’s Ministry of Health andMedical Education (GO-MOH),
Tehran, Iran.

Data Sources/Measurements

A questionnaire was sent to every provincial center in order to find out
both the number and cause of newborns in each of the 30 provinces. The
questionnaires were also sent to 207 thalassemia care centers distributed
throughout the country; these were to be completed by the physicians in
charge.

For every participant, each of these variables was defined and added to the
dataset; an identification number, the province of birth, the city of birth, and
the cause of birth (at-risk couples who did not use PND, those who gotmarried
before the commencement of the Iranian prevention plan, children born
after unregistered marriages based on religious conventions, children born to
foreign citizens, and test errors: “1” for positive and “0” for any negative
causes).

Bias

Because of the lack of an online registration system, a considerable num-
ber of patients were registered 4 or 5 years after birth. Those patients with
delayed registration who comprised a sizable proportion were mainly diag-
nosed as carriers of β-thal intermedia (β-TI). Thus, to avoid collecting incom-
plete information, we ignored the data of new cases with thalassemia in the
4 years that led to the present study.

Statistical Methods

The statistical analysis of the data was performed using the Statistical
Package for Social Sciences version 16.0 software (SPSS Inc., Chicago, IL,
USA). For descriptive statistics, we performed an analysis of the frequency
distributions considering strata such as the year and province of birth, and
the reason for being a thalassemia newborn. Because of the qualitative
nature of the variables, associations among them were evaluated mostly
using the χ2 or Fisher’s exact tests at a 5.0% significance level (p ¼ 0.05) as
appropriate. The success rate of the prevention program was defined by this
formula: [1 – (observed thalassemia new cases/estimated expectation of
thalassemia new cases)] * 100.
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RESULTS

Descriptive Data

Our findings showed that 2091 thalassemia patients were born from
21 March 2001 to 21 March 2006. The numbers of patients born in the years
2001, 2002, 2003, 2004, 2005 and 2006 were 350, 375, 363, 325, 378 and 300,
respectively (Figure 1). A total number of 684 patients (32.7%) out of 2091
newborns were registered in Sistan & Baluchistan, a province located in
southeast Iran. After the establishment of DNA laboratories in Zahedan, the
capital city of Sistan &Baluchistan, the number of new cases was 176 (25.7% of
all the newborns in the province).

We defined a province as “high-risk” if more than 100 patients were born
during the years of the study in that specific province; based on this definition,
there were five provinces at risk including Sistan & Baluchistan, Hormozgan,
Khuzestan, Fars, and Kerman,mainly located in south and southeast Iran. The
total number of patients born in these five provinces was 1350 (64.5% of all
cases). The geographical distribution of new cases throughout Iran from 2001
to 2006 is shown in Figure 2.

The causes of birth for 284 (13.6%) of the new cases were not documen-
ted at registration centers. For the remaining 1807 cases, the chief causes
were as follows: at-risk couples who did not use PND, those who got married
before the commencement of the Iranian prevention plan, children born
after unregistered marriages based on religious conventions, and test errors

FIGURE 1 Number of new thalassemia cases born between 1996 and 2006 in Iran.

128 M. Hadipour Dehshal et al.

H
em

og
lo

bi
n 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

31
.5

9.
13

0.
16

9 
on

 0
3/

07
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



that are shown in table 1. The patients born due to not pursuing PND or a
test error were covered by the Iranian Thalassaemia Prevention
Programme and the ones born due to the three remaining reasons were
uncovered by the program. Table 2 shows the percentages of program
coverage per year.

Analysis

There was a statistically significant difference between the five at-risk
provinces, regarding the proportional causes of thalassemia newborns
[Pearson χ2 ¼ 4.549; degree of freedom (df) ¼ 8, p value ¼ 0.0001]. There
was also a statistically significant difference in the number of new cases
covered or uncovered by the plan in each year between the years 2001 and
2006 (Pearson χ2 ¼ 18.573; df ¼ 10, p value ¼ 0.046).

The observed number of new thalassemia cases from the years 1996 to
2005 was compared with the figures of the affected births provided by

FIGURE 2 Geographical distribution of new thalassemia cases in Iran by province (2001-2006).
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GO-MOH and those of theoretically expected major thalassemia births,
estimated based on the report of Samavat and Modell (4). If we had
considered the latter as our baseline, the estimated births avoided from
1996 to 2005 would have been 253, 368, 503, 679, 633, 695, 680, 738, 760,
782, and 878, respectively. However, supposing the former as the baseline,
the estimated births avoided would have been 324, 438, 574, 750, 699, 762,
747, 809, 829, 856, and 954, respectively (Table 3).

The data of the provincial affected births provided by GO-MOH show
the average success rate of just over 70.0% in Iran from 2001 to 2006. But
the rates were less than 50.0% in eight provinces (Hormozgan, Sistan &
Baluchistan, Charmahal Bakhtiari, Yazd, Khorasan, Hamedan, Azerbaijan

TABLE 2 Number and Percentage of Newborns With β-Thalassemia Covered by the Iranian National
Thalassemia Prevention Programme (2001–2006)

Year
Uncovered by the
Program (%)

Covered by the
Program (%)

Unknown Reasons
(%)

Total Number of
Patients (%)

2001 208 (59.4) 83 (23.7) 59 (16.9) 350 (100.0)
2002 218 (58.1) 104 (27.7) 53 (14.1) 375 (100.0)
2003 205 (56.5) 103 (34.8) 55 (15.2) 363 (100.0)
2004 169 (52.0) 113 (34.8) 43 (13.2) 325 (100.0)
2005 211 (55.8) 123 (22.5) 44 (11.6) 378 (100.0)
2006 178 (59.3) 92 (30.7) 30 (10.0) 300 (100.0)
Total 1189 (59.9) 618 (29.6) 284 (13.6) 2091 (100.0)

TABLE 1 Number of New Thalassemia Cases in Iran According to Different Causes of Birth (2001–2006)

Year 2001 2002 2003 2004 2005 2006 Total

Expected β-TM births 809 816 852 840 897 912 5,126
Observed β-TM births 350 375 363 325 378 300 2,091
At-risk, not using PND 73 89 93 100 109 77 541
At-risk, not using PND (%) 9.02 10.91 10.92 11.90 12.15 8.44 10.55
Married before program 141 134 127 92 98 66 658
Married before program (%) 17.43 16.42 14.91 10.95 10.93 7.24 12.84
Unregistered marriage 70 80 70 77 109 102 508
Unregistered marriage (%) 8.65 9.80 8.22 9.17 12.15 11.18 9.91
Foreign citizens 2 12 13 7 7 13 54
Foreign citizens (%) 0.25 1.47 1.53 0.83 0.87 1.43 1.05
Screening test errors 10 14 10 16 14 14 78
Screening test errors (%) 1.24 1.72 1.17 1.90 1.56 1.54 1.52
PND test errors 0 1a 0 2b 0 1 4
PND test errors (%) 0 0.12 0 0.24 0 0.11 0.08
Unknown 54 46 50 33 41 28 252
Unknown (%) 6.67 5.64 5.87 3.93 4.57 3.08 4.92
Total (%) 43.3 46.1 42.6 38.9 42.1 33.0 40.9

a Delayed referral for abortion.
b One test error due to in vitro fertilization (IVF); one test error in PND.
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Gharbi and Kohgiluyeh Boyer Ahmad). In spite of the sizeable number of
new cases with thalassemia in Fars, Mazandaran, Khuzestan, and Kerman,
the success rate of the prevention program in those provinces was above
80.0% (Table 4).

TABLE 4 Provincial Distribution of Success Rates in the Iranian Thalassaemia Prevention Programme
(2001–2006)

Provinces β Carriers (%)a

Affected
Births/

1,000 (%)a

Average
Births/
Yearb

Expected
Average
Affected
Births/
Year

Observed
Average
β-TM
Births/
Year

Estimated
Expected
Births (%)

Success
Rate (%)

Tehran 1.9 0.2 176,786 35 2 4.71 95.29
Zanjan 4.9 0.8 16,112 13 1 7.76 92.24
Kurdistan 5.9 1.5 24,009 36 3 8.33 97.67
Kerman 9.5 3.1 51,459 160 18 11.18 88.82
Khuzestan 7.4 2.3 87,283 201 29 14.45 85.55
Mazandaran 8.0 2.2 39,409 87 15 17.30 82.70
Fars 6.7 1.5 69,507 104 18 17.42 82.58
Ilam 5.9 1.4 9,151 13 2 18.21 81.79
Gilan 5.6 1.4 28,823 40 8 20.24 79.76
Isfahan 4.0 0.7 62,836 44 10 21.98 78.02
Semnan 3.6 0.6 7,788 5 1 24.97 75.03
Azerbaijan
Sharghi

1.7 0.2 57,687 12 3 26.00 74.00

Lorestan 2.6 0.4 30,687 12 3 26.92 73.08
Bushehr 5.7 1.4 16,210 23 7 28.64 7136

Iran 4.0 1.0 1,175,297 1175 348 29.62 70.38

Kermanshah 3.3 0.5 32,767 16 5 32.55 67.45
Golestan 3.9 0.6 31,618 19 7 36.90 63.10
Ardabil 2.5 0.2 21,141 4 2 39.42 60.58
Ghom 2.6 0.3 16,963 5 2 45.85 54.14
Markazi 2.5 0.3 18,362 6 3 48.41 51.59
Qazvin 2.7 0.3 17,104 5 3 48.72 51.28

Success Rate Below 50.0%
Hormozgan 9.0 3.0 28,862 87 46 53.13 46.87
Sistan &
Baluchistan

8.5 2.7 69,938 189 114 60.37 39.63

Charmahal
Bakhtiari

4.4 0.9 16,465 15 9 62.98 37.02

Yazd 1.5 0.2 17,394 3 3 71.86 28.14
Khorasan 1.7 0.2 13,403 27 19 72.12 27.88
Hamedan 1.6 0.1 26,754 3 2 75.76 25.24
Azerbaijan
Gharbi

1.0 0.1 52,880 5 5 94.55 5.45

Kohgiluyeh
Boyer
Ahmad

2.3 0.4 13,001 5 9 166.66 66.66c

132 M. Hadipour Dehshal et al.
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DISCUSSION

There have been some controversial views on the rate of the success of the
Iranian Thalassaemia Prevention Programme. Although this program has
been successful in decreasing the number of thalassemia newborns to a steady
and quite stable figure, there is a continuing concern that more than 300 new
cases were born every year from 2001 to 2006. We tried to investigate the new
birth causes and their geographical distribution for the first time so that the
information would assist decision-makers to develop new strategies and adjust
the plan to the social aspects of each high-risk province.

Samavat and Modell (4) hold the belief that the program has been
successful from economic aspects and in terms of decreasing new cases.
Abolghasemi et al. (9) evaluated the program at two different periods.
According to them, in the first period, the program had not fulfilled its
goals because of the lack of access to PND; however, after legitimizing PND
based on a religious verdict (Fatva) and establishing the DNA laboratories
network in 1998, the plan sped up to achieve the determined targets. In
addition, they suggested that a few new strategies be added to the program,
especially those regarding unregistered marriages based on religious conven-
tions in Sistan & Baluchistan and parents who got married before commence-
ment of the program (9). The same positive opinion about the program can
be found in the research conducted by Ghanei et al. (21), who evaluated the
program in Isfahan Province for 3 years (from January 1993 to January 1996).
Although they reported no new cases in the province during these years, our
findings showed an average of 9.66 new cases per year in the province between
the years 2001 and 2006. In addition, Kosaryan et al. (22) reported great
success from 1996 to 2005 in Mazandaran Province, Iran. According to
them, the program raised awareness, and changed attitude and practice in
high-risk couples (22).

On the other hand, Ghotbi et al. (23) insisted on the necessity of revision
in the program in order to improve its efficacy. Our evaluation of the Iranian
Thalassaemia Prevention Programme shows that though the number of
patients born annually decreased from 864 registered in 1996 (the year in
which the program started) to an average of 348.5 per year (2001–2006). The
number of new cases born in aforementioned years did not change consider-
ably. There seems to be a “high-risk belt” extending from southeast to south-
west Iran; thus, the reason for such a stable “endemic-like” distribution needs
more detailed assessment. Nonetheless, with reliance on the affected births
data, three provinces located in the high-risk belt could be considered as the
successful provinces in meeting the prevention program targets.

Therefore, new strategies should be taken into account by decision-
makers. To expand the coverage of the program, especially in Sistan &
Baluchistan, where the highest number of new cases was reported, social

Trends in Births of New Thalassemia Cases in Iran 133

H
em

og
lo

bi
n 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

31
.5

9.
13

0.
16

9 
on

 0
3/

07
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



habits and conventions in these regions should be considered; this is highly
recommended for Sistan & Baluchistan, which has large differences with
major parts of the country not only in terms of its dominating religion, but
also in its common lifestyle such as relations among tribe members, marriage
bonds, and even in having residents who get across the border. Reportedly,
even the attitude of women towards marriage with relatives in Sistan &
Baluchistan is obviously different from that of women in other parts of the
country (24,25). While Sistan & Baluchistan was replete with the new cases
born after unregistered marriages (83.0% of all newborn cases), 41.0% of
reported test errors were found in its adjacent high-risk province, Hormozgan.
The discrepancy in proportional effects of the five chief causes of thalassemia
birth in high-risk provinces can prove the necessity of providing a more
flexible plan, according to which local committees are allowed to adjust the
program to social and economic conditions in their provinces.

Regarding the sizeable number of new cases having been born under the
coverage of the program (for test errors or not using PND), new strategies
need to be put into place such as using the power of an audit and feedback
system, which continuously evaluate the program in every province (an inter-
nal strategy) and/or recruiting the skills of independent investigators and
researchers and enabling them to help multidisciplinary informed decision-
making. Nevertheless, a notable decrease in the percentage of newborns born
to parents not having used PND in 2006 (the last year of our study) could be a
hopeful alarm, which shows that effectiveness of the DNA laboratories net-
work is going to be enhanced after 7 years of its establishment (Table 1). But,
to be confident about its effectiveness, we should analyze the newer data
after 2006.

Furthermore, we found out that the number of new cases born to parents
married before the commencement of the program had decreased substan-
tially between 2001 and 2006; thus, there was a fading trend in the effective-
ness of this cause of thalassemia births (Figure 2). Though the previous
researchers were advised to focus on parents who got married before the
commencement of the program, it is highly recommended to focus on the
other causes especially “children born after unregistered marriages based on
religious conventions” and “not using PND” (9).

Consulting knowledgeable sociologists and epidemiologists involved in all
aspects of high-risk areas can be a vital step to achieve a local strategy,
especially for a province such as Sistan & Baluchistan. Increasing the access
of couples to PND is the highly prioritized duty of the Iranian public health
care system.

The revision of the practical process of the thalassemia prevention pro-
gram and the evaluation of couples’ awareness of thalassemia prevention in
those provinces where the success rate was calculated to be lower than 50.0%,
are highly recommended. It is within the scope of the duties of the Iranian
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healthcare managers to review the efficacy of the prevention program in
provinces with low success rates, especially Kohgiluyeh Boyer Ahmad.

Limitations

Our study is based on the data gathered routinely by the Iranian National
Thalassaemia Registration System throughout Iran. Thus, a few limitations in
this system including the delay in registration of patients, incomplete data,
and the lack of documentation for newborn causes, may affect the results of
the study. These limitations are highly recommended to be addressed by both
researchers and health care decision makers.

Due to delay in the registration of patients, the information for the years
2007 and 2008 was not considered reliable; data for these years can be
included in future and upcoming studies. Regarding incomplete data and
the lack of documentation, we only analyzed those records with known causes
for newborn cases. We are eagerly following the issue and hopeful to reveal
the analyses of new cases born after 2006.

We were able to find three cases born due to PND test error and one case
born due to in vitro fertilization (IVF) in our study during 6 years; however,
considering the fact that Iranian law is somehow strict about medical errors
(26), it may be a concern for medical practitioners to report precise PND
error data. Furthermore, an interdisciplinary cooperation is recommended to
avoid thalassemia born due to IVF.

CONCLUSIONS

The Iranian Thalassaemia Prevention Programme seems to have reached
its goal in the majority of provinces; nevertheless, the success rates of the
program in a few provinces are not acceptable. The analysis highlights the
case of eight provinces for decision makers and makes them aware that in six
out of eight provinces the number of newborns was not so high to label them
as high-risk. Therefore, re-evaluating the process of prevention programs in
those eight provinces including Sistan & Baluchistan, Hormozgan and six
others, seems to be prioritized. As Ghotbi et al. (23) suggested, the program
needs further follow-up, especially in high-risk areas. The program should be
adjusted to social and religious beliefs of particular areas like Sistan &
Baluchistan. To achieve its target, the program should be more flexible and
allow specialists, health sociologists and epidemiologists to get involved in the
program’s decision-making. In order to increase the access to PND, insurance
coverage on PND should be expanded and the transport and accommodation
fee for at-risk couples should be paid (9). Though the target needs to be met
in the long-term, it is within the scope of duties of the government and
national health decision-makers to improve both the quality and quantity of
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DNA laboratories throughout the country. The analysis of newborns with
thalassemia after 2006 can shed more light on the effectiveness of the genetic
laboratories network in thalassemia prevention. If the pace of enhancement
in the network efficacy keeps up with the results found in 2006, the current
DNA laboratories network can be trusted as a system for couples covered by
the program to access PND, and accordingly have thalassemia-free children. If
a new strategy is incorporated into the program, a continuous and powerful
audit is exercised, and a liberal decision-making is exerted to authorize local
committees to adjust the program to their pertinent regions, the Iranian
Thalassaemia Prevention Programme will be considered as an orienting
model, not only for Middle Eastern countries, but also for all developing
countries located on the “Thalassemia Belt.”
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