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Inherited hemoglobin disorders (hemoglobinopa-
thies) are predominantly single-gene autosomal 
recessive disorders that result in production of 

structurally abnormal hemoglobin variants (sickle-cell 
disease) or a reduction in the synthesis of structurally 
normal globin (b-thalassemia).1 Sickle-cell disease and 
b-thalassemia affect as much as 5% of the world’s popu-
lation, constituting a major public health problem in 
certain parts of the world including the Mediterranean 
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BACKGROUND AND OBJECTIVES: Saudi Arabia has a high prevalence of hereditary hemoglobin disorders. 
Data has been collected by the Saudi Premarital Screening and Genetic Counseling Program on the prevalence 
of sickle cell disease and b-thalassemia but the outcomes were not quantified. We used six years of premarital 
screening data to estimate the burden of sickle disease and b-thalassemia over the program period and to assess 
the frequency of at-risk marriage detection and prevention.
DESIGN AND SETTING: Retrospective review, premarital couples attending premarital and genetic counseling 
clinics with marriage proposals between 2004 and 2009.
METHODS: Blood samples obtained from all couples with marriage proposals between 2004 and 2009 were 
tested for sickle cell disease and b-thalassemia. Test results were shared with all examinees and genetic counsel-
ing was offered for all at-risk couples. Marriage certificates were issued irrespective of the results and compli-
ance with medical advice was voluntary. 
RESULTS: Out of all men and women examined, 70 962 (4.5%) and 29 006 (1.8%) were carriers or cases of 
sickle cell disease and  b-thalassemia, respectively. While the prevalence of sickle cell disease was constant 
between 2004 and 2009 (average 45.1 per 1000 examined persons, P=.803), the prevalence of b-thalassemia 
steadily decreased from 32.9 to 9.0 per 1000 examined persons (P<.001). The frequency of at-risk couples 
decreased by about 60% between 2004 and 2009 (from 10.1 to 4.0 per 1000 examined persons, P<.001). The 
frequency of voluntary cancellation of marriage proposals among at-risk couples showed more than 5-fold 
increase between 2004 and 2009 (from 9.2% to 51.9%, P<.001). The eastern region had 58% of all detected 
at-risk marriages and showed the greatest decline in detection and increase in prevention over time compared 
to other regions of Saudi Arabia. 
CONCLUSION: Six years of premarital screening in Saudi Arabia markedly reduced the number of at-risk mar-
riages, which may considerably reduce the genetic disease burden in Saudi Arabia in the next decades. 

area and the Middle East.2 Saudi Arabia is well-known 
for its high prevalence of hereditary blood disorders. 
In a study conducted in Saudi Arabia and published in 
June 2007, 4.20% of the participants had sickle cell trait, 
0.26% had sickle cell disease, and 3.22% had b-thalas-
semia trait, while 0.07% had b-thalassemia disease.3 
Certain cultural factors in Saudi Arabia, including the 
high frequency of consanguineous marriages (exceeding 
55%), the large family size, and the high paternal and 
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maternal ages may contribute to the high prevalence of 
sickle-cell disease and b-thalassemia in Saudi Arabia.4-6 

Premarital screening for genetic diseases is superior 
to neonatal screening since the former is primary pre-
vention while the latter is secondary or tertiary preven-
tion.7 Premarital screening can potentially reduce the 
burden of inherited hemoglobin diseases by reducing 
the number of high-risk marriages.8,9 This was proven 
to be beneficial in nearby countries with similar ende-
micity levels of hemoglobinopathies.10-12 Because of the 
burden on the healthcare system and effect on the qual-
ity of life in patients with sickle-cell disease or b-thal-
assemia, premarital genetic screening was mandated in 
Saudi Arabia in 2004.13 All couples with marriage pro-
posals have to be tested for both diseases and get the 
appropriate counseling (if required) before completing 
their marriage proposal. The compliance with the coun-
seling recommendation was left voluntary. The outcome 
of this national program had yet been quantified. We 
used 6 years of premarital screening data to estimate the 
burden of sickle-cell disease and b-thalassemia over the 
program period and to assess the frequency of at-risk 
marriage detection and prevention. 

METHODS
The current report used the national data of the 
Saudi Premarital Screening and Genetic Counseling 
(PMSGC) Program. The Saudi population was 22.7 
million at the start of the program in 2004 and it 
reached 25.4 million by 2009.14 The annual number of 
marriages was close to a quarter of a million at the start 
of the program, including all 13 administrative regions 
of Saudi Arabia. 

The program was stipulated by law in December 
2003 and implemented in February 2004. The manda-
tory nature of the program was preceded by national 
debates at the scientific, social, and religious levels and 
was followed by widespread media advertising. The 
main program objective was to reduce the prevalence 
of sickle-cell disease and b-thalassemia by a reduction 
of the number of at-risk marriages. The program infra-
structure consisted of 150 health care reception clinics, 
70 laboratories, and 78 genetic counseling clinics cover-
ing the country 13 administrative regions. 

By late 2003, comprehensive PMSGC program 
guidelines were distributed to all workers in the pro-
gram. According to these guidelines, couples with mar-
riage proposals had to report to the nearest health care 
clinic to apply for premarital certificates. At the health 
care clinics, the program staff collected basic demo-
graphic information, a blood sample (in EDTA anti-
coagulant), and offered educational materials about the 

program to the applying couples. Blood samples were 
then sent to the designated laboratory for testing for 
sickle cell disease and b-thalassemia using hemoglobin 
electrophoresis. Other blood tests included a complete 
blood count, a peripheral blood film, a reticulocyte 
count, and a sickling test. The results were interpreted 
in accordance with standard laboratory diagnostic pro-
tocols.15,16

Test results were shared with examined couples be-
fore issuing the premarital compatibility certificates. 
The test results sort the individuals of potential couples 
into free (healthy), carriers (carrying the trait) and cases 
(having the disease) as regards the genetic make-up of 
sickle-cell disease and/or b-thalassemia. A safe mar-
riage was declared when both or at least one of the cou-
ple were healthy. At-risk marriage was declared when 
both couples were carriers or cases (or one was a case 
and the other was a carrier) of sickle-cell disease and/or 
b-thalassemia. Couples with safe marriage test results 
were issued instant compatibility certificates while at-
risk couples were asked to attend personal genetic coun-
seling meetings before issuing incompatibility certifi-
cates. During these meetings the counselors explained 
to the couple members the potential hazards of their 
proposed marriages and the voluntary nature of their 
compliance. The program staff followed-up (by phone 
call) with at-risk couple members and the Ministry of 
Justice (responsible for issuing marriage certificates) to 
verify the marriage proposals among at-risk couples.

It was the responsibility of the 150 health care clin-
ics to collect and manage their own local laboratory 
data. Each of the 20 health regions were required to col-
lect data from their respective health care clinics and fax 
standard monthly reports to the Directorate General of 
Noncommunicable Disease of the Ministry of Health 
in Riyadh. Aggregate data were used to construct a 
central database that was used for the current analysis. 
The prevalence of carriers and/or cases of sickle-cell 
disease and/or b-thalassemia were expressed per 1000 
examined persons and plotted over time. Similarly the 
frequency of at-risk couples (incompatible certificates 
per 1000 examined persons and per 100 positive re-
sults) and the frequency of voluntary cancellation of 
marriage proposals (percentage) among at-risk couples 
were plotted over time. Carrier-case ratio was defined as 
the ratio of carriers to cases among those who had any 
positive results for sickle-cell disease and/or b-thalas-
semia. Significant increasing or decreasing trends were 
tested using the Extended Mantel-Haenszel chi square 
test for linear trend. Regional differences in frequency 
were tested using the chi square test. All P values were 
two-tailed. A P value <.05 was considered as signifi-
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cant. OpenEpi (version 2.2, Atlanta, GA, USA) and 
Microsoft Office Excel (2003) were used for all statisti-
cal analyses.

RESULTS
The annual number of men and women examined in 
the PMSGC program ranged between approximately 
242 000 in 2004 and 296 000 in 2009 (Table 1). This 
represented an annual frequency of 10.9 marriage pro-
posals per 1000 Saudi population. Of 1 572 140 men 
and women examined between 2004 and 2009, 70 962 
(4.5%) were positive (carriers or cases) for sickle cell dis-
ease and 29 006 (1.8%) were positive (carriers or cases) 
for b-thalassemia. The annual prevalence of sickle cell 
disease was 45.1 (42.4 for carriers and 2.7 for cases) per 
1000 examined persons (Table 2). The annual preva-
lence of b-thalassemia was 18.5 (18.0 for carriers and 
0.5 for cases) per 1000 examined persons. While the 
prevalence of sickle cell disease was constant over the 
program period (range between 44.2 and 47.1 per 1000 
examined persons, P for trend =.803), the prevalence 
of b-thalassemia steadily decreased from 32.9 to 9.0 
per 1000 examined persons between 2004 and 2009, 
respectively (P for trend <.001, Figure 1).

Between 2004 and 2009, a total of 8925 incompati-
bility certificates were issued because both couples were 

carriers or cases (or one was a case and the other was 
a carrier) of sickle-cell disease and/or b-thalassemia 
(Table 1). The annual frequency of incompatibility 
certificates was 5.7 per 1000 examined persons and 
8.9 per 100 positive results (Table 2). The frequency 
of at-risk couples (incompatible certificates) decreased 
by about 60% between 2004 and 2009 (from 10.1 to 
4.0 per 1000 examined persons, respectively, P for trend 
<.001, Figure 2). This represented a 43.1% reduction 
of issuing incompatibility certificates per 100 positive 
results (Figure 2). Out of the 8925 who had been issued 
incompatibility certificates between 2004 and 2009, the 
staff of PMSGC program was able to follow up the de-
cision of 5370 (60.2%) at-risk couples. Out of the 5370 
at-risk couples followed, 1425 (26.5%) cancelled their 
marriage proposals. The frequency of voluntary cancel-
lation of marriage proposals among followed at-risk 
couples showed more than a 5-fold increase between 
2004 and 2009 (from 9.2% to 51.9%, respectively, P for 
trend <.001). 

Compared to other regions of Saudi Arabia, the east-
ern region had more than a 5-fold higher annual preva-
lence of positive results for sickle-cell disease and b-
thalassemia (193.1 vs 38.1 per 1000 examined persons, 
P<.001) and about a 7-fold higher annual frequency of 
issuing incompatibility certificates (20.0 vs 2.9 per 1000 

Table 1. Premarital Genetic Screening Program between 2004 and 2009 by year in Saudi Arabia.

2004 2005 2006 2007 2008 2009 Total

Saudi population 22 673 537 23 128 229 23 678 849 24 242 578 24 807 273 25 373 512 143 903 978

Marriage proposals 241 825 246 490 236 629 255 894 295 018 296 284 1 572 140

Positive results 18736 19 133 16 111 14 455 15 788 15 745 99 968

Negative results 223089 227 357 220518 241 439 279 230 280 539 1 472 172

Sickle cell disease

   Carriers 10 141 10 389 10 094 11 231 12 432 12 362 66 649

   Cases 645 606 706 812 823 721 4313

Total 10 786 10 995 10 800 12 043 13 255 13 083 70 962

b-thalassemia

   Carriers 7746 7994 5223 2317 2400 2555 28 235

   Cases 204 144 88 95 133 107 771

Total 7950 8138 5311 2412 2533 2662 29 006

Incompatible 
certificates 2441 2003 1281 1029 1000 1171 8925

Follow up of at-risk 
couples 1213 1162 481 622 721 1171 5370

Marriage cancellation 
among at-risk couples 112 135 89 194 287 608 1425
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examined persons, P<.001). Moreover, the Eastern 
region had better overall follow-up of the decision of 
at-risk couples (68.6% Vs 48.5%, P<.001) and had a 
lower overall marriage cancellation (22.6% vs 34.3%). 
Between 2004 and 2009, the eastern region, which had 
58% of all detected at-risk marriages, showed a great-
er decline in issuing incompatible certificates (79% vs 
28%, Figure 3) as well as a greater increase in marriage 
cancellation among followed at-risk couples (8.0 folds 
vs 1.7 fold) compared to other regions (Figure 4).

DISCUSSION
The current article reports the impact of six years of na-
tional premarital screening and genetic counseling on 

the prevalence of sickle-cell disease and b-thalassemia 
as well as the frequency of at-risk marriages in Saudi 
Arabia. To our knowledge, this is the first study to ex-
amine the detection and prevention of at-risk marriages 
at a national level. Mandating the premarital screening 
for inherited hemoglobinopathies was long awaited in 
Saudi Arabia and was preceded by religious and scien-
tific debate.17-20 In this highly conservative population, 
premarital screening in Saudi Arabia is practically the 
main preventive measures against inherited hemoglo-
binopathies.9 Neonatal screening may be of limited 
importance as it represents only secondary or tertiary 
prevention.

As expected, the current study showed that Saudi 

Table 2. Premarital Genetic Screening Program between 2004 and 2009 by year in Saudi Arabia.

2004 2005 2006 2007 2008 2009 Total

Marriage proposals per 
1000 Saudi population 10.7 10.7 10.0 10.6 11.9 11.7 10.9

Sickle cell disease per 
1000 examined persons

   Carriers 41.9 42.1 42.7 43.9 42.1 41.7 42.4

   Cases 2.7 2.5 3.0 3.2 2.8 2.4 2.7

Total 44.6 44.6 45.6 47.1 44.9 44.2 45.1

b-thalassemia per 1000 
examined persons

   Carriers 32.0 32.4 22.1 9.1 8.1 8.6 18.0

   Cases 0.8 0.6 0.4 0.4 0.5 0.4 0.5

Total 32.9 33.0 22.4 9.4 8.6 9.0 18.5

Any positive results per 
1000 examined persons 77.5 77.6 68.1 56.5 53.5 53.1 63.6

Carrier percentage

   Sickle cell disease 94.0% 94.5% 93.5% 93.3% 93.8% 94.5% 93.9%

   b-thalassemia 97.4% 98.2% 98.3% 96.1% 94.7% 96.0% 97.3%

Carrier-case ratio

   Sickle cell disease 15.7 17.1 14.3 13.8 15.1 17.1 15.5

   b-thalassemia 38.0 55.5 59.4 24.4 18.0 23.9 36.6

Incompatible certificates 

   per 1000 examined 
   persons 10.1 8.1 5.4 4.0 3.4 4.0 5.7

   per 100 positive results 13.0 10.5 8.0 7.1 6.3 7.4 8.9

Follow up of at-risk 
couples (%) 49.7% 58.0% 37.5% 60.4% 72.1% 100.0% 60.2%

Marriage cancellation 
among at-risk couples (%) 9.2% 11.6% 18.5% 31.2% 39.8% 51.9% 26.5%
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Figure 1. Annual prevalence of sickle cell disease and 
b-thalassemia among examined persons in the Premarital 
Genetic Screening Program between 2004 and 2009 by year in 
Saudi Arabia.

Figure 2. Annual frequency of at-risk couples and frequency of 
marriage cancellation among at-risk couples in the Premarital 
Genetic Screening Program between 2004 and 2009 by year in 
Saudi Arabia. 

Arabia has a high prevalence of sickle-cell disease (4.5%) 
and b-thalassemia (1.8%). The majority of these posi-
tive results were carriers (93.9% of sickle-cell disease 
and 97.3% of b-thalassemia). An earlier report covering 
the first 2 years of the PMSGC program showed a sim-
ilar prevalence of sickle-cell disease (4.2% carriers and 
0.26% cases), but a considerably higher prevalence of b-
thalassemia (3.2% carriers and 0.07% cases).16 This can 
be explained by the considerable reduction (more than 
70%) of the prevalence of b-thalassemia in the current 
study after the second year of the program. 

The study shows clearly the success of the PMSGC 
program in reducing the detection and prevention of at-

Figure 3. Annual frequency of at-risk couples in the Premarital 
Genetic Screening Program between 2004 and 2009 by year and 
geographic regions of Saudi Arabia.

Figure 4. Annual frequency of marriage cancellation among 
at-risk couples in the Premarital Genetic Screening Program 
between 2004 and 2009 by year and geographic regions of Saudi 
Arabia.

risk marriages. Detection of at-risk marriages was re-
duced by about 60% (from 10.1 in 2004 to 4.0 in 2009 
per 1000 examined persons). This was mainly driven by 
a more than 70% reduction of the prevalence of b-thal-
assemia during the same period. However, It is not clear 
why sickle-cell disease was essentially constant over the 
program period. 

The completion of 48% of at-risk marriages in 2009 
indicates the huge cultural challenges that remain to be 
addressed by the counselors. Even years after program 
implementation, the knowledge of premarital screening 
was good but not adequate.21-23 In the current report, 
the overall marriage cancellation among at-risk mar-
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riages was 26.5% and increased to more than 50% in 
2009. In a recent survey (2008), more than 60% of 
the participants were in favor of canceling at-risk mar-
riages.23 However, in another study among 129 at-risk 
candidates identified in premarital screening, only 2% 
cancelled their marriage proposals. In almost half of 
cases, cultural pressure was the main reason to proceed 
with marriage.24 An earlier report covering the first 2 
years of the PMSGC program showed that only 10% 
of at-risk couples cancelled their marriage proposals.16 
Genetic counseling obtained towards the end of mar-
riage process is not likely to be effective. It has been 
proposed that screening singles on admission to uni-
versity prior to any commitment may be preferable 
than screening immediately before the marriage certifi-
cate is issued.22

The Eastern region that had 58% of all detected at-
risk marriages during the program period had a lower 
overall cancellation of at-risk marriages compared to 
other regions (22.6% vs 34.3%). This may be explained 
by the fact that cancellation of at-risk marriages at the 
beginning of the program implementation (2004) was 
lower in the Eastern region compared to other regions 
(5% vs 21%). This probably masked the improve-
ment of at-risk marriage prevention in the Eastern re-
gion compared to other regions (8.0 fold vs 1.7 fold). 
Another potential explanation is the higher positivity 

of sickle-cell disease and/or b-thalassemia in Eastern 
region compared to other regions (19.3% vs 3.8%), 
which could make it difficult for at-risk couples to find 
an alternative socially and suitably safe match.

In addition to the huge efforts already accomplished 
by the Saudi MOH to prevent at-risk marriages for 
sickle-cell disease and b-thalassemia, additional efforts 
are underway. These include increasing the number of 
specialized health care reception clinics to cover more 
regions25 as well as connecting all clinics in the coun-
try by a state-of-art web-based database software that 
will enhance instant rate calculation and research. This 
will overcome the limitation of aggregate data as seen 
in the current study because there was no access to raw 
or individual data for analysis. Saudi MOH may en-
hance the effects of counseling by encouraging couples 
to seek testing earlier in the marriage process, engage 
religious figures in counseling, include program infor-
mation in high school curriculum, allow singles to vol-
untarily seek genetic testing, and finally augment the 
help of community figures to publicize the program in 
media and religious gatherings. 

 In conclusion, six-year of premarital screening and 
genetic counseling in Saudi Arabia markedly reduced 
the number of at-risk marriages, which may consider-
ably reduce the genetic disease burden in Saudi Arabia 
over the coming decades. 
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