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Frequency distribution of sickle cell anemia, 
sickle cell trait and sickle/beta-thalassemia 
among anemic patients in Saudi Arabia

Abstract
Background: Notwithstanding, the growing incidence of sickle cell hemoglobinopathies (SCH) such as sickle cell anemia (SCA) 
or sickle cell disease, sickle/beta-thalassemia; the exact prevalence remains obscure in Saudi Arabia. Hence, this study is an 
attempt to determine the frequency of SCA and sickle cell trait (SCT) among all anemic patients with SCH treated at the King 
Abdul-Aziz Medical City (KAMC), Riyadh, Saudi Arabia. Furthermore, the hemoglobin (Hb) S and other Hb patterns (Hb AS and 
Hb F) were also estimated in SCA and SCT patients. Materials and Methods: Results of Hb capillary electrophoresis performed 
on all patients with SCH from January 2011 to December 2013 were evaluated retrospectively. Results: Of a total of 3332 patient 
data analyzed, 307 were anemic patients (58% males and 42% females) with SCH. The sickling test showed all the patients to be 
positive. Hb electrophoresis revealed the incidence of 96.7%, 3.3%, and 0% of the patients suffered from SCA, SCT and sickle/
beta-thalassemia, respectively. Patients with SCA had a higher level of Hb F and showed no crisis when compared with other 
SCA patients who had lower or no Hb F levels. Conclusion: SCA is relatively frequent among males (56.4%) than females out 
of all patients with SCH. The SCA incidence was more common (48.5%) among children, frequency of SCT among adult age 
group was 1.6%, while sickle/beta-thalassemia was 0%.
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INTRODUCTION

Anemia is a condition in which the hemoglobin (Hb) 
concentration level is reduced. Sickle cell anemia is a 
disease of  the blood, which is caused by an inherited Hb 
S gene.[1] Normal Hb consists of: Hb A, Hb A2 and Hb 
F, while a person with SCH has different Hb pattern.[2] In 
SCA the red blood cells are sickle or boat-shape.[3] Sickle 
Hb S is produced as a result of  replacement of  glutamic 

acid instead of  valine in position number six of  the β chain.
[4,5] The abnormal red cells (sickle cells) can block small 
blood capillaries causing damage in tissues and organs, 
which leads to pain (crisis)[6-9] increased extravascular 
destruction of  red blood cells[10] and increased risk of  
severe dehydration.[11] SCA affects all age groups globally[1] 
with demographic variations. Children who are born with 
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SCA inherit it from their parents. Persons who have the 
SCT or have SCA can be carriers of  Hb S.[12,13]

Here, we determined the frequency distribution of  SCA 
and SCT among anemic patients attending at KAMC 
- Riyadh, Saudi Arabia to assess the distribution of  the 
disease and identify carriers among the population.

MATERIALS AND METHODS

A retrospective chart review study was conducted to 
determine the frequency of  SCA and SCT among anemic 
Saudi Arabian patients. The study data were collected from 
hematology laboratory at KAMC, National Guard of  
Health Affairs Hospital complex in Riyadh, Saudi Arabia.
• Inclusion criteria: Male and female patients of  all 

age groups who were diagnosed with anemia in 
the hematology laboratory from January 2011 to 
December 2013 were included.

• Exclusion criteria: Nonanemic patients or anemic 
patients with anemia other than SCH were excluded.

Data collection methods, instruments used, measurements
A computer printout of  demographic data and discharge 
clinical events/outcomes collected from records department 
for all episodes of  hospital discharges that were coded for 
diagnosis of  SCA or SCT were analyzed.

Data analysis
Study variables were directly entered into SPSS software, 
version 20 (The International Business Machines 
Corporation, New York). A backup soft copy version, as 
well as a hard copy print, was dated, saved and secured 
after each data entry update.

Statistical analysis of  study variables was performed using 
SPSS software version 20. SCA, SCT frequency and clinical 
outcomes at discharge were determined.

RESULTS

Out of  3332 anemic patient’s data analyzed, 307 were anemic 
patients with SCH. The results of  Hb electrophoresis 
showed 297 (96.7%) SCA, 10 (3.3%) SCT and sick/beta-
thalassemia patients (0%) [Figures 1 and 2]. Patients with 
SCA, who had high levels of  Hb F did not have any crisis 
when compared with SCA patients with low or no Hb F 
levels [Table 1]. The SCA was highly frequent (56.4%) 
among males while among the females the incidence was 
40.5% out of  all patients with SCH [Tables 2 and 3]. In 
children, SCA was more commonly (48.5%) observed while 
SCT was only 1.0%. The frequency of  SCA and SCT in 
adults was 36.25 and 1.6% respectively [Tables 4 and 5].

DISCUSSION

Sickle cell hemoglobinopathies involve SCA, the SCT, and 
sickle/beta-thalassemia. SCA and SCT are most common 
forms of  Hb defect (Hb S gene), which are inherited by 
children from parents.[14,15] SCH is one of  the common 
health problems globally and in Saudi Arabia, where the 
gene frequency of  this disease is highly prevalent.[16-19] In 

Table 1: Frequency of patient’s crisis with 
respect to Hb patterns
Patients 
crisis

Hb patterns Total
Hb SS Hb A + Hb S Hb S + Hb F

Yes 232 0 2 234
No 10 10 54 73
Total 241 10 56 307
Hb: Hemoglobin

Table 2: Frequency of Hb patterns among 
anemic patients with SCH
Hb patterns Frequency Percentage
Hb SS 241 78.5
Hb A + Hb S 10 3.3
Hb S + Hb F 56 18.2
Total 307 100
Hb: Hemoglobin, SCH: Sickle cell hemoglobinopathies

Table 3: Frequency of SCH with respect to 
gender
Gender Type of SCH Total

SCA (%) SCT (%)
Male 173 (56.4) 5 (1.65) 178
Female 124 (40.3) 5 (1.65) 129
Total 297 (96.7) 10 (3.3) 307
SCA: Sickle cell anemia, SCT: Sickle cell trait, SCH: Sickle cell hemoglobinopathies

Table 4: Frequency of Hb patterns among SCA 
and SCT patients
Types 
of SCH

Hb patterns Total
Hb SS (%) Hb A + Hb S (%) Hb S + Hb F (%)

SCA 241 (81) 0 (0.0) 56 (19) 297
SCT 0 (0.0) 10 (100) 0 (0.0) 10
Total 241 10 56 307
Hb: Hemoglobin, SCA: Sickle cell anemia, SCT: Sickle cell trait, SCH: Sickle cell 
hemoglobinopathies

Table 5: Frequency of SCA and SCT with respect 
to age groups
Age Types of SCH Total

SCA (%) SCT (%)
Child 149 (48.5) 3 (1.0) 152
Youth 37 (12.0) 2 (0.7) 39
Adult 111 (36.2) 5 (1.6) 116
Total 297 (96.7) 10 (3.3) 307
SCA: Sickle cell anemia, SCT: Sickle cell trait, SCH: Sickle cell hemoglobinopathies
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our study, we focused on SCA, SCT and the Hb patterns 
in each type of  hemoglobinopathies in addition to age and 
gender of  patients. The study group included 307 anemic 
patients with SCH, the high frequency of  SCA among SCH 
Saudi patients with homozygous sickle cell (Hb SS) and less 
frequent SCT with the heterozygous sickle cell (Hb AS). 
These proportions are consistent with previous reports.[20,21] 
However, results of  our study showed a high frequency of  
SCA (Hb SS) and SCT (Hb AS) among Saudi Arabian SCH 
patients. The high frequency of  homozygous sickle cell (Hb 
SS) and heterozygous sickle cell (Hb AS) cases among the 
Saudi Arabian SCH population reflect the high frequency 
of  Hb S gene, which may be due to consanguineous 
marriage, which is a common tribal tradition practice in this 
population.[22,23] Additionally mild cases of  SCA were also 
observed among adult patients. Some patients with SCA 
never had symptoms or crisis due to the presence of  fetal 
Hb in high level.[24] Fetal Hb seems to protect the patients 
from disease severity and crisis. In our study, the majority 
of  the SCA patients with (Hb SS) pattern had a severe crisis, 
and they tended to be more symptomatic. In contrast, the 
majority of  SCA patients had (Hb S + Hb F) and these 
patients did not suffer from any crisis due to the presence 
of  fetal Hb in an appropriate concentration.[25,26] The level 
of  fetal Hb in the blood circulation is very essential as they 
seem to protect the red blood cells from becoming sickle 
shape and hence prevent them from blocking the blood 
flow, especially in small capillaries.[26] We conclude that SCA 
is the most common type of  hereditary anemia among the 
Saudi Arabian population. The distribution of  Hb S among 
Saudi population illustrate that Hb AS predominates among 
family. High level of  fetal Hb protects from disease crisis. 
The level of  Hb S among individuals with SCA is gender 
and age independent. We recommend that family screening 
of  the SCA and SCT is necessary to identify sickle cell 
carriers and should be extended to all areas, which have 
the high frequency of  Hb S, and premarriage investigation 
should be considered as a routine investigation.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1.	 Bush	RL,	Peves	WC,	Holcroft	JW.	A	concept	of	anemia.	Am	J	Surg	
1997;174:143-8.

2.	 Vincent	 JL,	 Baron	 JF,	 Reinhart	 K,	 Gattinoni	 L,	 Thijs	 L,	 Webb	 A,	
et al.	Anemia	and	blood	transfusion	in	critically	 ill	patients.	 JAMA	
2002;288:1499-507.

3.	 Masom	 VR.	 Sickle	 cell	 anemia,	 severe	 anemia	 with	 remarkable	
elongated	shaped	red	blood	cells.	J	Am	Med	Assoc	1922;79:1318-20.

4.	 Claster	 S,	 Vichinsky	 EP.	 Managing	 sickle	 cell	 disease.	 BMJ	
2003;327:1151-5.

5.	 Saunthararajah	Y,	Vichinsky	EP.	Sickle	cell	disease:	Clinical	features	
and	 management.	 In:	 Hoffman	 R,	 Benz	 EJ	 Jr,	 Silberstein	 LE,	
Heslop	 HE,	 Weitz	 JI,	 editors.	 Hematology:	 Basic	 Principles	 and	
Practice.	6th	ed.,	Ch.	40.	Philadelphia,	PA:	Saunders	Elsevier;	2012.

6.	 Smith	WR,	 Penberthy	 LT,	 Bovbjerg	 VE,	McClish	 DK,	 Roberts	 JD,	
Dahman	B,	et al.	Daily	assessment	of	pain	in	adults	with	sickle	cell	
disease.	Ann	Intern	Med	2008;148:94-101.

7.	 Mckenzie	SB,	Willams	 JL.	Clinical	Laboratory	Hematology.	2nd	 ed.	
2004.

8.	 Moseley	 KL,	 Nasr	 SZ,	 Schuette	 JL,	 Campbell	 AD.	 Who	 counsels	
parents	of	newborns	who	are	carriers	of	sickle	cell	anemia	or	cystic	
fibrosis?	J	Genet	Couns	2013;22:218-25.

9.	 Smiers	 FJ,	 Krishnamurti	 L,	 Lucarelli	 G.	 Hematopoietic	 stem	 cell	
transplantation	 for	 hemoglobinopathies:	 Current	 practice	 and	
emerging	trends.	Pediatr	Clin	North	Am	2010;57:181-205.

10.	 Powars	DR,	Elliott-Mills	DD,	Chan	L,	Niland	J,	Hiti	AL,	Opas	LM,	
et al.	Chronic	renal	failure	in	sickle	cell	disease:	Risk	factors,	clinical	
course,	and	mortality.	Ann	Intern	Med	1991;115:614-20.

11.	 Mckenzie	SB,	Willams	 JL.	Clinical	Laboratory	Hematology.	2nd	 ed.	
2002.

12.	 Benjamin	LJ,	Payne	R.	Pain	in	sickle	cell	disease:	A	multidimensional	
construct.	 In:	 Pace	 B,	 editor.	 Renaissance	 of	 Sickle	 Cell	 Disease	
Research	in	the	Genomic	Era.	London:	Imperial	College	Press;	2007.	
p.	99-118.

13.	 Shatat	IF,	 Jakson	SM,	Blue	AE,	Johnson	MA,	Orak	JK,	Kalpatthi	R.	
Masked	hypertension	is	prevalent	in	children	with	sickle	cell	disease:	
A	midwest	pediatric	nephrology	consortium	study.	Pediatr	Nephrol	
2013;28:115-20.

14.	 Available	from:	http://www.Hbregistry.com.	[Last	accessed	on	2003	
Jul	21;	10:39am].

Figure 1: Frequency distribution of patients with hemoglobinopathies 
among anemic patients

Figure 2: Frequency of sickle cell anemia, sickle cell trait and sickle/
beta-thalassemia among patients with sickle cell hemoglobinopathies
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