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Abbreviations: SCA, sickle cell anemia; HbS, hemoglobin 
S; SCT, sickle cell trait; HbF, hemoglobin F; CBC, complete blood 
count; HPLC, high performance liquid chromatography; ARC, 
absolute reticulocyte count

Introduction 

Sickle cell Anemia (SCA) is the most common monogenic disorder 
in the world with an estimation of 210,000 infants being affected every 
year.1 It is inherited as an autosomal recessive pattern and characterized 
by production of sickle hemoglobin (HbS) that results from a single 
nucleotide change in the β-globin gene causing a substitution of valine 
for glutamic acid at position 6 of the β-globin chain (β6glu→val or βs).2 
In Saudi Arabia, about 4.2% of the population is found as Sickle 
Cell Trait (SCT) and 0.26% has SCA.3 Most of the patients live in 
the Eastern and Southwestern regions and the highest prevalence 
reported in the Eastern region where 17% of the population is sickle 
cell trait and 1.2% is SCA.3 The prevalence of the disease in other 
Saudi regions including Central and Western regions was estimated to 

be 0.06 and 0.12% respectively.4 The clinical severity of the disease 
varies greatly from asymptomatic to severe hemolytic anemia that 
requires regular blood transfusion. Several factors can ameliorate the 
clinical severity of the SCA. These include fetal hemoglobin (HbF), 
coinheritance of alpha thalassemia and modifying or epistatic genes 
such as mediators of inflammation, oxidant injury, growth factors, 
and transcriptional regulators.5 The level of HbF (α2γ2) plays a major 
role in reducing clinical symptoms and acts as a prognostic factor 
for the sickler patients because it interferes with the polymerization 
and crystallization of HbS resulting in decreasing the hemolytic 
episodes.6 The HbF level is variably expressed depending on the beta 
S-globin haplotypes, which reflect the ethnic background of the SCA 
patients. Several studies have identified these genetic determinants 
as single nucleotide polymorphisms that are found at several loci 
and associated with variable amounts of HbF in patients with SCA 
or β-thalassemia and in healthy adults. These loci are responsible for 
20 to 50% of the HbF trait variance in patients with β-thalassemia 
or sickle cell disease and in healthy Europeans.7–10 In Saudi Arabia, 
most of the Eastern region patients carry the Saudi-Indian β-globin 
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Abstract

Background: Sickle Cell Anemia (SCA) is the most common monogenic disorder that 
is inherited as an autosomal recessive pattern. Fetal hemoglobin (HbF) plays a major 
role in ameliorating clinical severity of the SCA where higher expression of HbF is 
associated with a reduction in the painful episode and thus reduces the number of 
hospitalization. The current work aimed to investigate the effect of high HbF in SCA 
adult patients in Makkah city, Western Saudi region who visited Al-Noor Specialist 
Hospital. 

Methodology: Blood samples in EDTA tubes were collected from 80 SCA adults 
patients during the period of February, 2015 to April, 2016. Hematological analyses 
including Complete Blood Cell Count (CBC) and reticulocyte count were performed 
to assess anemia status. Hemoglobin quantification and separation was performed 
using High Pressure Liquid Chromatography (HPLC). Patients with hydroxyl urea 
intake were excluded from the study due to its elevation effect on HbF level. 

Result: Of the 80 studied patients, 60(75%) showed an increased level of HbF above 
the upper normal limit with a mean of 6.01% +/-3.5. The increase level of HbF was 
more than 10%, 5-10%, and less than 5% in 6(10%), 24(40%) and 30(50%) patients 
respectively. A significant association between high HbF and red cell parameters was 
observed in patients with higher HbF than 10% compared to the other two groups. 

Conclusion: High HbF gives an advantage to the SCA patients where it has an 
ameliorating effect on the severity and the complications of the disease. The elevated 
HbF in Makkah city is high among adult SCA patients (75%) but the average expression 
level is lower than other Saudi regions. This indicates patients from Makkah City have 
more clinical severity and thus highly attended healthcare is required to minimize 
disease effect and its complication. Further molecular studies are recommended to 
find out genetic determinants such as single nucleotide polymorphisms of high HbF 
expression in SCA.

Keywords: sickle cell anemia, hemoglobin F, reticulocyte count, red blood cell 
indices 
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gene-like cluster haplotype with high HbF that is characterized with 
a mild course of the disease.11 On the other hand, the Southwestern 
region SCA patients have African-derived haplotype with the lower 
HbF level and severe symptoms.12 Up to our knowledge, no previous 
studies have been done about the level of high HbF in SCA patients 
in Makkah city, Western region. Therefore, the aim of this study was 
to estimate high HbF in the SCA adult patients from Makkah city and 
analyze its association with red blood cell parameters and reticulocyte 
count.

Methods 
Patient recruitment and samples collection

This was a cross sectional study performed on SCA adults patients 
(ages ranged from 18 to 52years) visited Al-Noor Specialist Hospital 
in Makkah city, Western region over 1year period from February, 
2015 to April, 2016. Eighty patients (Male=41, Female=39) were 
recruited and blood samples were collected after signing consent 
forms. Patients on Hydroxy Urea (HU) treatment were excluded from 
the study due to its effect on HbF level. In order to determine the 
normal range of HbF level in our population, 50 blood samples from 
healthy individuals were also collected.

Hematological Analysis

Complete Blood Cell Count (CBC) including RBC count, 
Hemoglobin concentration, hematocrit, RBC indices, red cell 
distribution width and reticulocyte with its absolute count were 
performed on sickler and normal samples using XN-1000™ 
Hematology Analyzer (Sysmex, Lincolnshire, USA). Hemoglobin 
separation and quantification were performed by High Performance 
Liquid Chromatography (HPLC) technique using VARIANT™ 
II Hemoglobin Testing System (Bio-Rad Laboratories, Hercules, 
CA, USA). The relationship between HbF level and red blood cell 
parameters for the SCA patients was assessed by dividing the patients 
into three groups depending on the HbF level: 2.5-5%, 5-10% and 
>15%.

Statistical analysis

All statistical analyses were carried out using the Statistical 
Packages for Social Sciences (SPSS Inc., Chicago, IL, USA) software 
version 23.0. Data were expressed as range and mean± Standard 

Deviation (SD). The association study was achieved by using Pearson 
correlation coefficient test, while the comparisons between groups 
were done by using one-way analysis of variance (ANOVA). For 
all quantitative variables, P<0.05 was considered as statistically 
significant.

Results
Over 1 year period, February-2015 to April-2016, 80 SCA 

adult patients were recruited and enrolled for this study in Al-Noor 
Specialist Hospital. 60 (75%) patients out of 80 showed a mean level 
of HbF 6.01%+/-3.5 above the upper normal limit (Figure 1) with no 
significant difference between male and female (p=0.35). The level 
of HbF was more than 10%, 5-10%, and less than 5% in 6(10%), 
24(40%) and 30(50%) patients respectively (Table 1). A significant 
association between high HbF and red cell parameters was observed 
in patients with higher HbF than 10% (p value <0.05) compared 
to the other two groups indicating a positive association. There 
was a direct relationship between the level of HbF and the average 
Hb concentration; the more HbF level the closer to the normal Hb 
concentration. The relationship between HbF level and other red cell 
parameters including Hct and red cell indices did not show significant 
difference except for the patients group of >10% HbF. Absolute 
Reticulocyte Count (ARC) was also measured to evaluate if it can be 
used as an indicator for the level of HbF and the result showed there 
was statistically significant difference between HbF and ARC. The 
higher HbF is associated with the lower ARC and patients in >10% 
HbF showed lesser ARC compared to the other two groups.

Figure 1 The mean of HbF level in SCA patients and normal control.

Table 1 The relationship between high HbF and red cell parameters in adult patients of SCA

RBC 
parameters Normal ranges

HbF Level

2.1-4.9% 
(N=30; 50%) P-value 5-10% (N=24; 

40%) P-value >10% (N=6; 
10%) P-value

Hb(g/dl)
Male:13-17 
Female:12-15 8.9±2.2 0.066 8.5±1.6 0.671 8.9±0.7 <0.05

Hct(%) 40-50 26.7±7.6 0.053 24.9±4.7 0.713 25.9±3 <0.05

MCV (fl) 80-100 82.5±9.7 0.136 81.64±11.8 0.189 80.2±11.1 <0.05

MCH (pg) 27-32 28.1±4 0.174 28.2±5 0.096 27.9±4.8 <0.05

MCHC(g/dl) 31.5-34 33.7±1.5 0.171 33.7±2.1 0.001 35.6±1.6 <0.05

ARC(x106/µl) 0.017-0.064 2.11±8.8 <0.05 0.3±0.1 <0.05 0.2±0.04 <0.05

Male 17 13 1

Female 13 11 5
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In order to detect if there is a relationship between high HbF and 
increase in the age, we categorized patients with high HbF into five 
groups namely <20, 20-30, 31-40 and >40 (Table 2). Our results showed 
that the highest level of HbF was observed in young adults under 
20 years followed by patients between 31-40, 20-30 and >40years 
with (6.22%±3.3), 6.05±3.4, 5.97±3.8 and 4.83±2 respectively. This 
means there is no correlation between HbF levels with increased age 
of the SCA patients. SCA is typically a normochromic normocytic 
type of anemia. However, during our investigation, it was noted that 
a significant number of patients (27/80-33.75%) showed microcytic 
anemia among normal HbF and high HbF (Table 3). This indicates the 
possibility of presence of microcyosis causing elements such as iron 
deficiency anemia or thalassemia which is commonly found in our 
area and might be co-inherited with the sickling allele. The presence 
of iron deficiency as a causative element was ruled out by normal 
ferritin level of the identified subjects. More than half of the patients 
with normal HbF (55%) showed microcytosis among patients with 

normal HbF level while it was 26.7% in patients with high HbF. The 
anemia status in patients with normal HbF was worse than microcytic 
group while it was almost same in patients with high HbF. In addition, 
both groups showed moderate microcytosis but more in patients with 
high HbF level.

Table 2 Frequency of high HbF among age groups

Age Number of patients Mean HbF (%)

<20 18 6.22±3.3

20-30 28 5.97±3.8

31-40 10 6.05±3.4

>40 4 4.83±2

Total 60 6.01±2

Table 3 Comparison between the hematological parameters of SCA patients with normal versus high HbF level

RBC parameters Normal range
Normal HbF High HbF

Normocytic RBCs Microcytic RBCs Normocytic RBCs Microcytic RBCs

RBC(x106/µl)
Male: 5-6.1

2.8±0.5 3.8±0.9 2.9±0.8 3.9±0.7
Female: 4.2-5.2

Hb(g/dl)
Male: 13-17

7.4±1.1 9.4±2.2 8.8±2.1 8.7±1.1
Female: 12-15

Hct (%) 40-50 21.4±3.8 28±5.7 25.7±7 26.5±3.5

MCV(fl) 83-101 87.1±5.9 72.1±4.8 87.4±5.6 67±5

MCH(pg) 27-32 30.6±3.2 24.1±2.3 30.3±2.8 22.2±2

MCHC(g/dl) 31.5-34 35±1.9 33.5±1.8 34.1±1.9 33±1

RDW (%) 11.6-14 21.7±4.2 21.7±4.5 20.1±3.9 20.4±3.9

ARC(x106/µl) 0.017-0.064 0.4±0.3 0.32±0.31 0.3±0.2 0.1±0.0

Total Number
9(45%) 11(55%) 44(73.3%) 16(26.7%)

20(100%) 60(100%)

Discussion 
SCA is among the most challenging disorders worldwide due to 

its impact on healthcare that require highly attended and effective 
programs to control and eliminate such disorder. Since there is no 
comprehensive care of SCA patients, the health care utilization cost 
is going to be increased.13 In Saudi Arabia, the prevalence of SCD is 
quite common due to consanguineous marriage that exceeds 50%.14 
The first reported HbS gene was in Eastern province and since then 
the southern province had been documented to have HbS gene in both 
heterozygous and homozygous forms.15,16 The variation of the clinical 
symptoms in the SCA patients is related to the genetic makeup. In 
other words, the clinical features of the SCA patients from the western 
province are linked with the influence of beta-globin gene haplotype 
and the origin of the sickle cell gene.17 Unfortunately, our lab does 
not have molecular diagnostic and research facilities to identify the 
beta-globin gene haplotype of our samples study. However, one of 
the ameliorating factors that affect clinical severity of the SCA is 
the high level of HbF where it is linked to the milder form of SCA. 
Makkah city is one of the main cities in the Western province of 
Saudi Arabia and considered as the holy capital city of the Islamic 
world because of the holy mosque. It is a multicultural city and many 

of its residents with the Saudi citizenship descended from different 
genetic background such as African, Southeast Asia and Middle East 
countries. There is no clear picture about the estimation of high HbF 
level among SCA patients in Makkah city and thus the focus of this 
study was to investigate the effect of high level of HbF in the SCA 
patients and its relationship with the red cell parameters and compare 
its level with other Saudi regions and cities.

Our results showed that 75% of the enrolled adult patients (60/80) 
had an increase in the HbF level with an average 6.01%±3.5. The 
influence of HbF level on SCA is well known to ameliorate disease 
morbidity and mortality in adulthood based on clinical observation. 
Therefore, the higher expression of HbF reduces disease severity 
in term of disease crisis and complications. A comparative study 
performed in children with SCA from different Saudi regions showed 
that the average HbF level in Makkah was 5.5±3.9.18 Our investigation 
in adult patients showed almost a similarity in the HbF level between 
our study and the study performed in the children by El-Hazmi et al.18 
Another study performed in the Eastern province showed that SCA 
patients in this region had a mean HbF level of 25.9% making them 
to have the mildest form of the disease due to the HbF ameliorating 
effect.11 Comparing our results with these two studies, we can infer 
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that SCA patients with high HbF in Makkah city have a clinical 
severity more than Eastern and Southwestern regions and patients’ 
care should be given more attention to minimize its effect on disease 
complications.

The relationship between high HbF and red cell parameters was 
also investigated (Table 1) and our results showed that the average 
value of the Hb concentration ranged from 8.5-8.9 with an average 
normal RBC indices indicating normochromic normocytic type of 
anemia. This is a typical feature of SCA with HbSS genotype and is 
consistent with the results of other studies.18–20 However, a significant 
number of patients showed moderate microcytosis among all studied 
SCA wither with normal or high HbF comprising 55% and 26.7% 
respectively (Table 3). This is not unusual since other factors such 
as iron deficiency anemia and inheritance of thalassemia element 
may alter morphological classification of the SCA. Presence of iron 
deficiency as a causative element of microcytosis in the studied 
subjects was ruled out by the level of serum ferritin which was found 
normal. Thalassemia is commonly found in Saudi Arabia particularly 
in the Eastern province where high frequency of α- and β-thalassemia 
was reported.21,22 In our case, we anticipated that our patients may 
have a co-inheritance element of thalassemia trait due to the moderate 
microcytosis and molecular studies of α- and β-globin genes can 
warrant the causative element of the moderate microcytosis observed 
in the patients. Unfortunately, we were unable to conduct such analysis 
due to unavailability of molecular diagnostic tests in the hospital and 
limited budget. In addition, the level of HbA2 cannot be used as a 
diagnostic parameter for the presence of thalassemia trait due to co-
elution of glycated HbS in the same position of HbA2.23

In order to evaluate the effect of high HbF on the degree of 
hemolysis, we measured the ARC in all patients with normal and high 
HbF to observe if ARC can be used as an indicator for the level of HbF. 
We found that there was a statistically significant difference between 
HbF and ARC. The higher HbF is associated with the lower ARC 
and patients in >10% HbF group showed reduced ARC compared to 
the other two groups (Table 1). This indicates the advantage effect of 
increasing HbF to maintain the hemolysis rate at minimal degree. Our 
finding is consistent with a recent study performed on SCA patients 
with increased HbF which showed reduced reticulocyte count and 
lactate dehydrogenase while patients with low HbF level showed 
increased ARC.24

Conclusion
In conclusion, high HbF gives an advantage to the SCA 

patients where it has an ameliorating effect on the severity and the 
complications of the disease. The average expression level is lower 
than other Saudi regions including Eastern and Southwestern regions 
where the expression level of elevated HbF was 25.9% and 10% 
respectively. This indicates patients from Makkah City have more 
clinical severity and thus highly attended healthcare is required to 
minimize disease effect and its complication. Further molecular 
studies are recommended to find out genetic determinants such as 
single nucleotide polymorphisms of high HbF expression in SCA.
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