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Abstract

Background: Hemoglobinopathies are a group of inherited disorders triggered by defects in globin genes which lead to abnormal 
hemoglobin (Hb) level and structure with reduced oxygen-carrying capacity. Qualitative and quantitative laboratory measurements 
are routinely used to diagnose and differentiate various types of hemoglobinopathies. However, these measurements vary across 
diseases and populations. Aims: To report the measurement of Hb variants in a Saudi cohort of patients with hemoglobinopathies 
and hemoglobinopathy traits (sickle-cell and thalassemia traits). Methods: This was a retrospective study on patients with 
hemoglobinopathies who attended King Abdulaziz Medical City (Jeddah city, Western Saudi Arabia) in 2019. The data comprised 
patient diagnosis, age, gender, complete blood count  and Hb electrophoresis. Results: The study included 184 patients (52% 
females, 48% males) of which 70%  were aged >12 years, 28% aged >1-12 years and 2% aged <1 year. Maximum patients were 
diagnosed with sickle cell disease (61%) followed by hemoglobinopathy trait (19%). Hb concentration, red blood cell (RBC) 
count and packed cell volume (PCV) were significantly reduced in children and adolescent and above age group patients whereas 
in infants, no significant difference was found in RBC count and PCV. The mean HbA% was highest in alpha-thalassemia trait 
(97%) followed by beta-thalassemia minor (92.8%). Moreover, HbD disease was found in 82.8%, HbC disease in 67.6%, beta-
thalassemia intermediate in 51.8%, sickle cell trait in 47.5% and HbE disease in only 12%. In addition, HbF and HbA2 were present 
in all detected hemoglobinopathies and traits at varying levels. Conclusion: Hemoglobinopathies and hemoglobinopathy traits 
require comprehensive laboratory examination using CBC, blood cell morphology, qualitative and quantitative electrophoresis. 
The results indicate the importance of quantifying HbA, HbF and HbA2 to aid in the differential diagnosis of different types of 
hemoglobinopathies.  
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INTRODUCTION
Hemoglobinopathies are a group of blood disorders trig-
gered by defects in α-globin or β-globin gene leading 
to the production of an abnormal amount or structure 
of the oxygen-carrying molecule i.e. hemoglobin (Hb). 
These disorders are prevalent in low to middle income 
countries and it is estimated that 300,000 – 400,000 ba-
bies are born annually with severe form of hemoglob-
inopathies.[1] Adult Hb profiles are normally composed 
of 95-98% of HbA, 2-3% HbA2 and 0.8-2% HbF. The 
latter type i.e. HbF is higher in newborns (50-80%) and
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drops to <8% before six months of age. It further de-
creases to 1-2% six months after birth with rise in HbA.
[2,3] Hemoglobinopathies can be diagnosed by examining 
different Hb variants i.e. HbA, HbA2, HbF, HbS, HbE, 
HbC and HbD) and their concentrations are measured 
to predict the disease severity.[4-6] 
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Although both genders are equally affected yet males 
with sickle cell hemoglobinopathy tend to show high-
er morbidity and mortality, primarily due to hormonal 
variations.[7]

The prevalence of different types of hemoglobinopa-
thies varies across regions. For instance, various cohort 
studies have shown that beta-thalassemia is the most 
frequently encountered hemoglobin disorder in Iraq, 
Pakistan and India[8-10], whereas, alpha thalassemia  and 
sickle cell traits are prevalent in Brazil[11] and Saudi 
Arabia respectively.[12] Due to the high rate of consan-
guinity[12,13], the prevalence of these traits in Saudi Ara-
bia is considered one of the highest as compared to its 
neighboring countries.[14] This emphasizes the impor-
tance of accurate detection and stratification of patients 
using different qualitative and quantitative laboratory 
measurements such as electrophoresis, complete blood 
count (CBC), smear and clinical and family history ex-
amination.[15]

This study aimed to measure the variants of Hb in a co-
hort of patients from western region of the Saudi Arabia, 
with hemoglobinopathies and their traits (sickle-cell and 
thalassemia).

Methods
This study was conducted in King Abdulaziz Mdical 
City tertiary care center, Jeddah, Saudi Arabia, from 
1/1/2019 to 31/12/2019. After getting ethical clear-
ance from the institutional review board of King Ab-
dullah International Medical Research Center (IRB# 
SP20/278/J),  medical records of patients with hemo-
globinopathies were collected retrospectively . Any data 
disclosing the subject’s identity was not collected or 
used in any research document to protect patients’ con-
fidentiality and anonymity. After that, diagnosis and re-
sults of pre-treatment CBC and Hb electrophoresis were 

extracted. The main CBC parameters investigated were: 
red blood cell (RBC) count, Hb concentration, mean cell 
volume, mean cell Hb, mean cell Hb concentration and 
the packed cell volume. On the other hand, Hb electro-
phoresis results were generated by CAPILLARYS™ 2 
system (Sebia, UK) and represented in percentage. The 
patient’s data was divided into three different groups 
with respect to their age i.e. infants (1 day - 1 year old), 
children (>1-12 years old) and adolescents and above 
(>12 years old). In the end, data was analyzed using the 
JMP statistical analysis software (Version 13. SAS In-
stitute Inc., Cary, NC, 1989-2021). 

Results
A total of 184 patients with hemoglobinopathies were 
recruited in the study including 52% (n=96) females 
and 48% (n=88) males. Of all these patients, 70% were 
aged >12 years, 28% aged >1-12 years and 2% aged <1 
year. The median age of study subjects was 21 yearswith 
interquartile age range of 11-34. The most frequent he-
moglobinopathy disease found was  sickle cell disease 
(61%) followed by beta-thalassemia minor (6.5%) and 
hemoglobin SC disease (3.3%). With respect to the he-
moglobinopathy traits, sickle cell trait was present in 
19% and alpha thalassemia trait was present in 7.1% 
of the patients.. There were other hemoglobinopathies 
also which were found in only 2.7% of the patients. The 
statistical analysis revealed no significant association 
between hemoglobinopathies and gender (p > 0.518). 
The results of ANOVA test also revealed no significant 
association between hemoglobinopathies with different 
age groups. In addition, an independent t-test was con-
ducted to compare patients’ CBC results (PCV, Hb con-
centration and RBC count) with age- and sex- matched 
hospital reference values. Significant differences were 
found in all age groups except the RBC and PCV values 
in the infant age group (Table 1).

Table 1. Mean of PCV, Hb and RBC in different age groups.

Variables Age group
Hematological parameter result

p value
Patients Mean (±SD) Reference values

PCV
Infants (1 day – 1 year ) 33.5 (±4.04) 38.0 0.1123
Children (>1-12) years 29 (±4.46) 39.0 <0.0001*

Adolescent and above (>12)  years 28.3 (±5.08) 42.5 <0.0001*

Hb
Infants (1 day – 1 year) 11.4 (±1.33) 13.1 0.0433
Children (>1-12)years 9.3 (±1.28) 13.4 <0.0001*

Adolescent and above (>12) years 9.3 (±1.5) 14.3 <0.0001*

RBC
Infants (1 day – 1 year) 4.97 (±0.9) 4.8 0.7263
Children (>1-12)years 3.65 (±1.09) 4.8 <0.0001*

Adolescent and above (>12) years 3.45 (±0.98) 4.8 <0.0001*
CBC= Complete blood count, PCV= Packed cell volume, Hb= Hemoglobin, RBC= Red blood cell.

*significant p value <0.05
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Discussion
Hb variants are widely distributed in different diseases 
of hemoglobin. This study emphasizes the significance 
of qualitative and quantitative measurement of these 
variants in diagnosing and differentiating patients with 
hemoglobinopathies. The study revealed no significant 
association of hemoglobinopathies with both gender 
and age. In CBC results of patients with hemoglobinop-
athies, Hb was found significantly lower in adults and 
children than in infantsindicating disease progression 
and anemia development. Analysis of Hb patterns re-
vealed that HbA and HbA2 are the two most significant 
normal Hb in diagnosis. In contrast, HbF was not found 
significant in the diagnosis of hemoglobinopathies ex-
cept in patients with thalassemia. 

The Hb in RBCs of normal adult typically constitutes 
95-98% HbA, 2-3% HbA2 and up to 2% HbF.[2] Quan-
tifying these variants is critical for differentiating dif-
ferent types of hemoglobinopathies. This study showed 
that quantification of HbA, HbF and HbA2 is important 
for distinguishing between subtypes of thalassemia i.e. 
beta-thalassemia minor, beta-thalassemia intermedia 
and alpha thalassemia trait. The results depicted that 
HbA and HbF assisted the differentiation between be-
ta-thalassemia minor and beta-thalassemia interme-
dia. HbA was reduced in beta-thalassemia intermedia 

(51.8%) and beta-thalassemia minor (92.8%), while 
HbF was increased in beta-thalassemia intermedia 
(38.5%) as compared to beta-thalassemia minor (1.8%). 
Conversely, HbA2 seemed to have no diagnostic val-
ue in differentiating beta-thalassemia intermediate and 
beta-thalassemia minor. This is in accordance with 
other studies which demonstrated the quantities of Hb 
variants in beta-thalassemia minor (high HbA, 0.5-6% 
HbF, variable HbA2) and beta-thalassemia intermedia 
(≈ HbA, up to 100% HbF, variable HbA2).[16] In another 
study, HbA2 were found elevated in HbE disease (>5%) 
and reduced in alpha thalassemia trait (<3%).[17] How-
ever, likewise other studies, the profile of Hb variants 
in alpha thalassemia trait was found close to normal i.e. 
HbA (97%), HbF (0.43%) and HbA2 (2.57%).[16] Unlike 
other studies which have shown an increase in HbF in 
thalassemia patients[18,19], this study showed no signifi-
cant role of HbF in differntating alpha thalassemia trait 
and beta-thalassemia minor, however, it was found el-
evated in beta thalassemia intermedia. This study did 
not include beta-thalassemia major which can be diag-
nosed by the absence of HbA, the presence of HbF (70-
95%) and variable levels of HbA2.[16,18] This study also 
reported the absence of HbA in sickle cell disease and 
its presence in sickle cell trait (47.5% ± 8.2). Moreover, 
HbS was significantly higher in sickle cell disease (80.8 

Table 2. Hemoglobin variants (mean ±SD).

Hemoglobinopa-
thies and traits

No. of 
patients 

(%)
HbA% HbF% HbA2% HbS% HbC% HbD% HbE%

Sickle cell disease 113 (61.4%) 15.7 ±4.2 3.5 ±0.7 80.8 ±9.3

Sickle cell trait 35 (19%) 47.5 ±8.2 3.69 ±1.7 3.01 ±0.45 45.8 ±6.9

Alpha thalassemia 
trait 13 (7.1%) 97 ±1.03 0.43 ±0.58 2.57 ±0.93

Beta thalassemia 
minor 12 (6.5%) 92.8 ±1.68 1.8 ±1.43 5.4 ±2.4

Hb SC disease 6 (3.3%) 5.38 ±0.8 5.78 ±0.94 3.04 ±1.84 47.2 ±5.3 38.6 ±6.31

Hb E disease 2 (1.1%) 12 ±0.3 9.3 ±0.9 7.6 ±2.3 0.3 ±0.01 70.8 ±7.9

Beta thalassemia 
intermedia 1 (0.5%) 51.8 38.5 9.7

Hb C disease 1 (0.5%) 67.6 0.2 1 31.2

Hb D disease 1 (0.5%) 82.8 1.5 2.2 0.5 13

Analysis of hemoglobin variants and their concentration 
means are summarized in Table 2. An independent t-test 
was performed on each Hb variant and revealed that 
HbA was a significant diagnosing factor for beta-thal-
assemia minor, sickle cell trait and sickle cell disease (P  
<0.01). Moreover, HbA2 was found to be significant for 
differentiating beta-thalassemia minor, sickle cell trait 
and sickle cell disease (P <0.01). On the other hand,  the 

presence of HbA and HbA2 was not found statistically 
significant for the differential diagnosis of alpha thal-
assemia trait(P > 0.7). However, HbF was found as a 
significant diagnosing factor for both sickle cell trait (P= 
0.013) and sickle cell disease (P <0.01). Conversely, it 
was not found significant for differentiating beta-thalas-
semia minor and alpha thalassemia traits (P > 0.2).
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±9.3) as compared to sickle cell trait (45.8 ± 6.9). HbS is 
an abnormal form with high diagnostic importance as a 
qualitative marker for sickle cell disease.[19] Both sickle 
cell disease and trait are diagnosed by the presence of 
HbS; therefore, quantitative measurements are import-
ant for differential diagnosis. Although HbF and HbA2 
variants were also present at variable levels, yet they 
have no significance in differentiating sickle cell disease 
and trait. In addition, the presence of HbS and HbC in 
study subjects revealed HbSC disease regardless of the 
other Hb variants. Additionally, 2% of our cohort were 
diagnosed with the rare HbC, HbD and HbE diseases. 
Limitations of this study include its generalizability to 
patients from other regions and the low number of rare 
Hb variantsi.e. HbC, HbD and HbE.

Conclusion
This study highlights the importance of using qualita-
tive and quantitative tests for the measurement of Hb 
variants to facilitate diagnosis of hemoglobinopathies 
and hemoglobinopathy traits. The results revealed that 
HbA, HbA2 and HbF are more of quantitative impor-
tance while HbS, HbC, HbE and HbD are more of qual-
itative importance as they can be diagnosed irrespec-
tive of their quantities.
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Hb: hemoglobin
HbC: hemoglobin C
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