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ABSTRACT Sickle cell disease (SCD), linked to vascular thrombosis, is an autosomal recessive disorder. Among the various
thrombophilic mutations, Factor V Leiden (FVL) G1691A, prothrombin (PRT) G20210A, and methylenetetrahydrofolate
reductase (MTHFR) C677T stand out as genetic alterations linked to thrombotic consequences. Thus, the study aims to
examine the prevalence of these mutations in SCD patients, utilizing the polymerase chain reaction-based technique.
The study design is an observational study. The study results revealed that there are significant levels of the heterozygous
form of FVL G1691A and PRT G20210A in the SCD patient population compared to control subjects. While, MTHFR
C677T showed no statistical significance. None of the homozygous forms of the three mutations was statistically
significant. However, the incidence of FVL, PRT, and MTHFR mutations was higher among female participants than
male participants in the study. The high prevalence of these mutations suggests that they may be significant risk factors
for the vascular complications in this population. However, further studies are required to validate the current outcomes.

Address of correspondence:
Talal Qadah
E-mail: thqadah@kau.edu.sa

INTRODUCTION

Sickle cell disease (SCD) is one of the most
prevalent hemoglobinopathies globally, impacting
approximately 20 million people (Zarghamian et al.
2023).  It  is an autosomal recessive disorder caused
by an A-to-T transversion (the E6V substitusion)
at codon 6 of the HBB gene, which codes for the
adult hemoglobin component €globin (Levesque
and Bauer 2023). The mutation in the HBB causes
alteration in the structure of normal hemoglobin of
the red blood cells (RBCs), resulting in the produc-
tion of Hemoglobin S (HbS). The severe form (ho-
mozygous - HbSS) is inherited by an offspring in
case both parents carry defective HBB. The mild
heterozygous form (Hb AS) is produced when one
defective sickle HBB is inherited from one of the
parents, which is called sickle cell trait. Other forms
of SCD result from the combination of HbS with
other abnormal HBB variants like HbC or β-thalas-
semia (Eaton and Bunn 2017; Zarghamian et al.
2023). HbS is polymerized under low oxygen con-
dition and forms fibers that make RBCs rigid, dense
and less flexible. The RBCs injury caused by HbS

 

leads to intra- and extravascular hemolysis. Fur-
ther, sickling RBCs get stuck in the blood vessels
and block blood flow to different areas of the hu-
man body including chest, abdomen, joints, and
brain. This leads to chronic hemolytic anemia (Hat-
zlhofer et al. 2012) and acute vaso-occlusive crisis
(van Hamel Parsons et al. 2016; Kato et al. 2017).

There is no specific cure for SCD. Hematopoi-
etic stem cell (HSC) transplantation remains the
best curative treatment for such genetic disorder.
However, it requires compatible related or unrelat-
ed donors in terms of human leukocyte antigen
(HLA) types besides other criteria and the risk of
graft versus host disease may restrict this proce-
dure for SCD patients (Bolaños-Meade et al. 2019;
Eapen et al. 2019). To overcome this limitation, one
potential solution involves utilizing autologous
HSCs that are corrected through gene therapy tech-
niques to restore the normal expression of hemo-
globin. In SCD, there are common genetic poly-
morphisms that contribute to the occurrence of
vascular thrombosis, including factor V Leiden
(FVL) G1691A, prothrombin (PRT) G20210A and
methylenetetrahydrofolate reductase (MTHFR)
C677T which are considered as significant genetic
risk factors for thrombotic complications (Belhaj et
al. 2018). Furthermore, inheritance of these poly-
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morphisms has been identified as a major cause of
vascular thrombosis and found to be linked to ge-
netic modifiers in SCD patients. Their prevalence
increased by 4-8 fold among SCD patients in the
study by Geard et al. (2016) resulting in a hyperco-
agulable state. The hypercoagulable state is asso-
ciated with the activation of coagulation cascade
and increased blood predisposition for clotting,
which may contribute to vaso-occlusive crisis and
subsequently considered as a prominent feature
of SCD. It is caused by increased biomarkers level
of thrombin generation and enhanced platelet func-
tion as well as an increase in the expression of
tissue factor, abnormal activation of the fibrinolyt-
ic system with the consumption of the natural
anticoagulants (Faes et al. 2018). Moreover, FVL
G1691A, PRT G20210A and MTHFR C677T muta-
tions demonstrate distinctive worldwide distribu-
tion evidenced by previous studies that analyzed
the association between these mutations and the
development of venous thromboembolism among
SCD in their populations (Abdullah et al. 2010;
Yousif et al. 2017; Bhaskar 2019).

Though previous studies have been done on
these mutations in various populations, their prev-
alence and clinical significance among SCD pa-
tients have not been extensively investigated.
Understanding the interplay between these ge-
netic factors and SCD could offer valuable insights
into its heterogeneity and associated complica-
tions, such as vaso-occlusive crises and other
thrombotic events. Due to the significant role of
vascular manifestations in the pathophysiology
of SCD, this study aims to determine the frequency
of factor V Leiden G1691A, prothrombin G20210A
and (MTHFR) C677T polymorphisms among SCD
patients from Western Saudi Arabia. By elucidating
the role of these genetic variants in the context of
SCD, we may identify additional risk factors for
thrombotic complications and pave the way for
personalized therapeutic strategies to improve the
management and outcomes of SCD.

Objectives of the Study 

The study aims to: 
Assess the hematological parameters of SCD
patients 
Assess the prevalence of FVL (G1691A), PRT
(G20210A), and MTHFR (C677T) mutations
among SCD patients. 

Compare the incidence of FVL (G1691A),
PRT (G20210A), and MTHFR (C677T) mu-
tations in female and male SCD patients and
identify gender-specific risk factors for
thrombotic events. 

MATERIAL  AND  METHODS

Sample Collection and Laboratory Investigation

Blood samples of SCD patients and healthy
individuals were obtained after signing consent
forms from the main tertiary hospitals. 90 samples
from each category were utilized for downstream
analyses. Clinical and diagnostic data such as
Complete Blood Count, sickle cell screening and
Hb electrophoresis were obtained from the elec-
tronic patient records. The inclusion criteria in-
cluded confirmed cases of SCD who gave consent
to participate. For the control group, the inclusion
criteria included healthy volunteers who agreed to
participate in the study. This study was approved
by the ethics and research committee at FAMS
with a reference number FAMS-2019-002.

DNA Extraction and Preservation

Genomic DNA was extracted from peripheral
samples using The Wizard® Genomic DNA purifi-
cation kit (Promega, USA) according to the manu-
facturer’s instruction. The purity and concentra-
tion of extracted  DNA were assessed using the
Nanodrop 2000 spectrophotometer (ThermoFish-
er SCIENTIFIC, USA). The extracted DNA was
stored at -20 C° for the next experimental phase.

Detection of Factor V Leiden G1691A and
Prothrombin G20210A Mutations

FVL (G1691A) and PRT (G20210A) mutations
were detected using multiplex polymerase chain
reaction-restriction fragment length polymorphism
(PCR-RFLP) assay with MnlI digestion as previ-
ously described (Koksal et al. 2007). Briefly, the
reaction contained the primer pairs: forward, 52 -
ACA TCG CCT CTG GGC TAA TA-32 ; and re-
verse, 52 -TTG AAG GAA ATG CCC CAT TA-32
for factor V Leiden amplification and a forward prim-
er sequence, 52 -ATG GGG TGA AGG CTG TGA
CC-32 ; with reverse sequence, 52 -AGC ACT GGG
AGC ATT GAG CCT-32  for the PRT (G20210A).
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The PCR products were digested with MnlI re-
striction enzyme as per the manufacture’s protocol
((ThermoFisher SCIENTIFIC, USA) and subse-
quently analyzed on a 2% agarose gel. The normal
G allele of factor V Leiden (G1691A) was confirmed
by the presence of 115 bp fragment while the mu-
tant A heterozygous allele was confirmed by the
presence of two fragments (115 and 152 bp). For
the PRT (G20210A), the normal G allele was con-
firmed by 192 bp fragment while heterozygous A
allele was identified by the presence of additional
221 bp fragment.

Detection of MTHFR C677T Mutation

The MTHFR C677T mutation was detected
based on single plex PCR-RFLP with HinfI diges-
tion as previously described (Nishank et al. 2013).
A pair of primers including forward sequence 52 -
TGA AGG AGA AGG TGT CTG CGG GA-32  and
reverse sequence 52 -AGG ACG GTG CGG TGA
GAG TG-32 . PCR products were then treated with
HinfI restriction enzyme to generate one band of
198 bp long in case of the wild type while 175 bp
and 23 bp fragments in the homozygous state. The
presence of heterozygous MTHFR allele generated
three bands of 198 bp, 175bp and 23 bp.

Statistical Analysis

Data entry and statistical analysis were done
using Microsoft excel to find out statistical signif-
icance among the participants.  Illustrative charts
and graphs for diagnostic workup and molecular
testing were described. Categorical variables were
reported and explained as frequency and percent-
age, whereas quantitative continuous variables
were described in the form of mean and standard
deviation (SD). Chi-square test was applied to in-
vestigate the association between categorical vari-
ables. Fischer Exact test was applied in case of
small frequencies (<5 in one or more of the cells in
2 by 2 table). Statistical significance was determined
at P-values of less than 0.05.

RESULTS

Clinical Characteristics

The study included 90 sickle cell patients and
an equal number of controls. The general and he-
matological characteristics of sickle cell cases were
summarized. The male gender comprised 41 cases

compared to 49 females with a mean age of 21.96 ±
10.67 years. Table 1 provides valuable insights into
the characteristics of SCD patients. The white
blood cell count (WBCs) was 13.05±4.57 x103 /μL,
which exceeded the normal range of 4.5-11 x103 /
μL. The red blood cell count (RBCs) was signifi-
cantly reduced at 2.84±0.74 x106 /μL, compared to
the normal range of 4.3-5.7 x106 /μL. The hemoglo-
bin level (Hb) was also lower than the reference
values, with an average of 8.23±1.78 g/dL. Hemat-
ocrit (Hct) was 24.13±5.03 percent, Mean Corpus-
cular Volume (MCV) was 85.74±10.76 fL, Mean Cell
Hemoglobin (MCH) was 30.26±7.55 pg, and Mean
Cell Hemoglobin Concentration was 34.16±1.59 g/
dL. The RBC Distribution Width (RDW) was
19.44±3.62 percent, higher than the normal range
of 11.6-14.6 percent. Platelet count (Plt) was
386.51±147.88 x106 /μL, within the normal range of
150-440 x106 /μL. Hb electrophoresis results indi-
cated a decrease in HbA (normal range: 95-98%),
an increase in HbF (normal range: 0.8-2%), a signif-
icant elevation in HbS (normal range: 1.8-3.5%),
and a normal level of HbA2 (normal range: 1.8-
3.5%). These findings offer valuable insights into
the hematological characteristics of SCD patients
and provide essential information for diagnosing
and managing the disease. The comparison with
the reference ranges helps to identify any abnor-
malities and deviations from the standard values
in these patients.

Prevalence of Thrombophilic Mutations in SCD
Patients

Table 2 presents the distribution of three ge-
netic mutations (FVL G1691A, PRT G20210A, and
MTHFR C677T) among SCD patients and control
subjects. Among the 90 sickle cell patients, 29
(32.2%) had the G/A heterozygous genotype, and
none had the A/A homozygous genotype for FVL
G1691A mutation. In contrast, in the control group,
97.8 percent had the G/G normal genotype, and 2.2
percent had the G/A heterozygous genotype. The
difference in distribution between the SCD patients
and controls was statistically significant (p<0.001).
Similarly, for the PRT G20210A mutation, 77.8 per-
cent of the SCD patients had the G/G normal gen-
otype, 20.0 percent had the G/A heterozygous gen-
otype, and 2.2 percent had the A/A homozygous
genotype. In contrast, in the control group, 98.9
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percent had the G/G normal genotype, and 1.1 per-
cent had the G/A heterozygous genotype. The dif-
ference in distribution between the SCD patients
and controls was also statistically significant
(p<0.001). However, for MTHFR C677T, there was
no significant difference in distribution between
the SCD patients and controls:  81.1 percent of
SCD patients and 90.0 percent of controls had the
C/C normal genotype, 17.8 percent of SCD patients
and 10.0 percent of controls had the C/T heterozy-

gous genotype, and 1.1 percent of SCD patients
had the T/T homozygous genotype. The differ-
ence in distribution between the two groups was
not statistically significant (p=0.185).

Variation of Thrombophilic Mutations According
to Gender

Table 3 presents the distribution of mutations
(FVL, PRT G20210A, and MTHFR C677T) in the

Table 1: Diagnostic characteristics of sickle cell patients

Variables SCD (n=90)

Gender, Male - Female 41- 49
Age, years 21.96± 10.67

Complete Blood Count SCD (n=90) Reference Range

WBCs (X103 /μL) 13.05±   4.57 4.5-11 x103 /μL
RBCs (X106 /μL) 2.84±   0.74 4.3-5.7 x106 /μL
Hb (g/dl) 8.23±   1.78 Male 13.2- 17.3 g/dl, Female 11.7- 15.5 g/dl
Hct (%) 24.13±   5.03 Male 39- 49 %, Female 35- 45%
MCV (fL) 85.74± 10.76 80-100 fL
MCH (pg) 30.26±   7.55 26-34 pg
MCHC  (g/dl) 34.16±   1.59 32-36 g/dL
RDW 19.44±   3.62 11.6-14.6%
Plt  (X106 /μL) 386.51±147.88 150-440 x106 /μL

Hb Electrophoresis SCD (n=90)    Reference Range

HbA (%) 28.80± 21.37 95-98%
HbF (%) 11.91±   8.28 0.8-2%
HbS (%) 68.11± 18.87 1.8-3.5%
HbA2 (%) 3.13±   0.54 1.8-3.5%

Abbreviations: WBC=White Blood Cell, RBC=Red Blood Cell, Hb=Hemoglobin, Hct=Hematocrit, MCV=Mean
Corpuscular Volume, MCH=Mean Cell Hemoglobin, MCHC=Mean Cell Hemoglobin Concentration, RDW=Red
Cell Distribution, Plt=Platelets, SCA=Sickle Cell Anemia

Table 2: Frequency of Factor V Leiden G1691A, Prothrombin G20210A and MTHFR C677T mutations in the study
population

Mutations Participants G/GNormal G/A Heterozygous A/A Homozygous P value

Factor V Leiden G1691A SCD Patients (n=90) 61 (67.8%) 29 (32.2%) 0 (0.0%) P-value of
Fischer Exact
test<0.001

Controls (n=90) 88 (97.8%) 2   (2.2%) 0 (0.0%)
Prothrombin G20210A SCD Patients (n=90) 70 (77.8%) 18 (20.0%) 2 (2.2%) χ2=19.48,

p<0.001
Controls (n=90) 89 (98.9%) 1 (1.1%) 0 (0.0%)

MTHFR C677T Participants C/CNormal C/THeterozygous T/T Homozygous P value

SCD Patients (n=90) 73 (81.1%) 16 (17.8%) 1 (1.1%) χ2=3.38,
p=0.185

Controls (n=90) 81 (90.0%) 9 (10.0%) 0 (0.0%)
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SCD patients, categorized by genotype and gen-
der. For FVL, among the 90 SCD patients, 70.7 per-
cent of male patients and 65.3 percent of female
patients had the G/G normal genotype, while 29.3
percent of male patients and 34.7 percent of female
patients had the G/A heterozygous genotype. No
individuals had the A/A homozygous genotype.
For PRT G20210A, 80.5 percent of male patients 
and 75.5 percent of female patients  had the G/G
normal genotype, 14.6 percent of male patients and
24.5 percent of female patients  had the G/A het-
erozygous genotype, and 4.9 percent of male pa-
tients  had the A/A homozygous genotype, with
no occurrence in female patients . Regarding MTH-
FR C677T, 75.6 percent of male patients  and 85.7
percent of female patients  had the G/G normal gen-
otype, 22.0 percent of male patients  and 14.3 per-
cent of female patients  had the G/A heterozygous
genotype, and 2.4 percent of male patients  had the A/
A homozygous genotype, with no occurrence in fe-
male patients . The statistical analysis using the Chi-
square test showed no significant gender differences
(p > 0.05) for all three mutations.  

DISCUSSION

SCD is an inherited hemoglobinopathy disor-
der that leads to multiple organ dysfunction (Has-
sell 2010). Thrombosis is a significant aspect of
clinical complication. Vaso-occlusive crises and
acute chest syndrome have been evidenced in sick-
le cell patients as major causes of mortality (Manci
et al. 2003; Naramreddy et al. 2023). Apart from the
sickle cell gene, many genetic variables influence
the variation in SCD phenotypes. The pathophys-
iology of thrombosis is significantly influenced by
inherited thrombophilia polymorphisms, which are
also considered as genetic modifiers of SCD. The

presence of FVL G1691A, PRT G20210A, and
MTHFR C677T mutations increases the risk of
thrombotic complications in SCD patients (Pan-
dey et al. 2012). In this study, the frequencies of
factor V Leiden G1691A, MTHFR C677T and PRT
G20210A mutations were assessed among SCD
using traditional PCR and a multiplex polymerase
chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) techniques. The findings pro-
vide valuable insights into the hematological pro-
file of SCD patients and offer essential information
for diagnosing and managing the disease.

Regarding the hematological parameters, the
findings of this study showed that the levels of
WBC and Plt counts were higher in SCD patients
than in healthy individuals, which are in consis-
tent with other previous studies (Curtis et al. 2015;
Antwi-Boasiako et al. 2018; Belhaj et al. 2018). The
elevated WBC and Plt counts in the SCD patients
can be attributed to the chronic inflammatory state
and vascular damage associated with the disease
(Damanhouri et al. 2015; Yousif 2022). SCD causes
the deformation and destruction of RBCs, releas-
ing cellular debris and heme molecules, which trig-
ger inflammation and activate the immune system
(Sesti-Costa et al. 2023). This ongoing inflamma-
tion stimulates the bone marrow to produce more
WBCs as a defense mechanism. Additionally, the
damaged blood vessels in SCD can activate plate-
lets, leading to increased Plt production and ag-
gregation to maintain hemostasis (Periayah et al.
2017). These factors collectively contribute to the higher
WBC and Plt counts observed in SCD patients
compared to healthy individuals.

Several studies have shown that inherited
thrombophilia contributes to SCD complications.
Such complications were investigated in relation
to the prevalence of FVL G1691A, PRT G20210A,

Table 3: Variation of Factor V Leiden mutations, Prothrombin G20210A and MYHFR C677T in males and
females with sickle cell disease

Mutations Genotype Male Female P value

Factor V Leiden (SCD n=90) G/G Normal 29 (70.7%) 32 (65.3%) χ2=0.30, p=0.583
G/A Heterozygous 12 (29.3%) 17 (34.7%)
A/A Homozygous  0   (0.0%) 0   (0.0%)

Prothrombin G20210A (SCD n=90) G/G Normal 33 (80.5%) 37 (75.5%) χ2=3.55, p=0.170
G/A Heterozygous 6 (14.6%) 12 (24.5%)
A/A Homozygous 2   (4.9%) 0   (0.0%)

MTHFR C677T (SCD n=90) G/G Normal 31 (75.6%) 42 (85.7%) χ2=2.21, p=0.331
G/A Heterozygous 9 (22.0%) 7 (14.3%)
A/A Homozygous 1   (2.4%) 0   (0.0%)
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and MTHFR C677T polymorphisms and their link
to the occurrence of thrombosis in SCD where wide
geographic variation was detected (Fawaz et al.
2004; Rahimi et al. 2008; Al-Saqladi et al. 2010; Hat-
zlhofer et al. 2012; Nishank et al. 2013). A lower
frequency of FVL was reported in Western India,
Brazil, Africa, and Eastern Saudi Arabia. In the
present study, the frequency of FVL gene was sig-
nificantly higher in SCD patients than in the con-
trol group (p< 0.05) where the majority of SCD pa-
tients (32.2%) were heterozygous (G>A) compared
to the control group (2.2%). Additionally, the prev-
alence of heterozygous form of FVL was higher
among females than males. This is similar to a pre-
vious study performed on Egyptian SCD children
where a significant high prevalence of the heterozy-
gous form of FVL (30%) were detected compared
to 16 percent of normal controls (p< 0.05). Further-
more, the odds ratio was calculated in another study
and it was revealed that FVL G1691A increased the
risk of thrombosis by two folds in patients with
SCD (OR=1.7, 95% CI= 1.01-3.43) (Hamdy et al.
2013). Samarah and Srour (2018) reported similar
findings in Palestinian SCD patients in their study.
The study showed a significantly higher preva-
lence of  FVL mutation among SCD patients
(18.64%) than normal individuals. It was related to
a higher occurrence of disease complications, in-
cluding pain in the chest, joints and abdomen (OR=
5.6, 95% CI= 1.9-39.4, p-value = 0.039) in SCD (Sa-
marah and Srour 2018). Another study also dem-
onstrated a significant increase (p< 0.05) in the
prevalence of FVL among Iranian SCD (14.3%) than
normal individuals (1.6%); there was a significant
correlation between FVL mutation and SCD among
Southern Iranian patients (Rahimi et al. 2008). In-
dia’s population is diverse, and the distribution of
thrombophilic mutations varies in different regions.
Pandey et al. (2012) demonstrated that the het-
erozygous form of FVL (G>A) was significantly
higher in Asian Indian patients (8%) than in the
control (p= 0.02). In central India, Nishank et al.
(2013) also observed the heterozygous FVL in 14.6
percent of SCD patients compared to normal indi-
viduals. The high frequency of FVL mutation in
SCD patients can be associated with a hypercoag-
ulable state due to chronic inflammation, endothe-
lial dysfunction, and increased platelet activation.
This prothrombotic environment may create fa-
vorable conditions for the FVL mutation to confer
a selective advantage, leading to its higher preva-

lence in SCD patients. In contrast, lower frequen-
cy of FVL was previously reported in SCD pa-
tients from Eastern province of Saudi Arabia in
Dammam city, which contradicts with this study’s
finding (Fawaz et al. 2004). This is probably due to
genetic diversity caused by geographical distance.
Also, FVL mutation is more prevalent in certain
populations, and SCD commonly affects individu-
als from specific ethnic backgrounds where FVL
mutation is more frequent.

Regarding the prevalence of PRT G20210A, the
result of this study showed a significant differ-
ence between the heterozygous type of the SCD
patients compared to the heterozygous state of
control group (p<0.001) only; while other types
remained non-significant. The findings of this
study align with a study that revealed that the PRT
G20210A mutation was strongly related with an
elevated risk (p=0.0150) (Shafia et al. 2018). How-
ever, previous studies showed no statistical sig-
nificance seen in Central India, Asian Indian, south-
ern Iran, and Africa. Hamdy et al. (2013) found that
the distribution of PRT G20210A mutation among
Egyptian children was 6 percent in SCD patients
compared to 2 percent in the normal individuals.
This shows there was no statistical significance
(Hamdy et al. 2013). Samarah and Srour (2018) re-
ported similar finding in Palestine. None of the Pal-
estinians SCD patients were homozygous for PRT
G20210A; however, 8 of the 117 enrolled patients
were heterozygous. The overall prevalence of PRT
G20210A mutation was 6.83 percent compared to
5.08 percent healthy controls, which was not sig-
nificantly different. This gives an indication that
the PRT G20210A mutation is not a risk factor for
vascular complications in SCD (Samarah and Srour
2018). In addition, according to a meta-analysis,
patients with SCD are at a high risk of developing
vaso-occlusion due to the FVL mutation, but not
the PRT G20210A mutation (Bhaskar 2019).

Regarding MTHFR 677T, this study’s results
showed no statistical significance difference be-
tween the genotypes among SCD. This is in agree-
ment with other previous studies (Al-Saqladi et al.
2010; Kangne et al. 2015). Al-Saqladi et al. (2010)
examined the prevalence and clinical impact of
MTHFR C677T mutation among SCD children in
Yemen. The homozygous T/T genotype for MTH-
FR C677T was found in only 2 out of 102 SCD
patients (2%) and heterozygous C/T in 11 out of
102 sickle cell patients (10.8%). The overall allele
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frequency was 7.35 percent, which was not higher
than in the common Yemeni population (2.0 vs
2.2%). Thus, the MTHFR C677T mutation was not
significantly associated with SCD severity (Al-
Saqladi et al. 2010). Kangne et al. (2015) also re-
ported that the frequency of MTHFR C677T muta-
tion in the Western India was not higher among
SCD patients (5.6%) compared to the normal con-
trol. This suggests that MTHFR C677T mutation
is not linked to the SCD pathogenesis and its vas-
cular complications (Kangne et al. 2015). Regard-
ing the Indian populations, the prevalence of
MTHFR 677 C>T genotype increased among SCD
patients (20%) as well as healthy individuals, but
this was not statistically significant. The P value
was 0.13 (Pandey et al. 2012). This is also in agree-
ment with the study done in Eastern Saudi Arabia,
where MTHFR 677 T/T genotype was seen in 9.20
percent of SCD compared to 3.81 percent in healthy
individuals (p=0.232). While the prevalence of C/T
genotype was 32.18 percent in SCD and 20.95 per-
cent in normal subjects (p=0.109). The frequency
of MTHFR C677T mutation increased more among
SCD patients than healthy individuals, though it
was not statistically significant (Fawaz et al. 2004).
In contrast, MTHFR C677T was detected in 40.2
percent of cases in a heterozygous state, 43.4 per-
cent of SS cases, and 34.5 percent of S/â thalas-
semia cases. There was a significantly higher prev-
alence of this genetic variant in cases (SCD pa-
tients) compared to normal individuals (P = 0.001)
(Sokkar et al. 2022). Similarly, Nishank et al. (2013)
compared the frequencies of clinical symptoms
between SCD with or without mutations for FVL
and MTHFR C677T. The results revealed that SCD
patients having FVL or MTHFR C677T mutations
had higher incidence of joints pain, chest pain,
and abdomen pain along with frequent require-
ment of blood transfusion than the SCD patients
without FVL or MTHFR C677T mutations. This
indicates that FVL G1691A and MTHFR C677T
mutations are considered as risk factors for the
development of vascular thrombosis in Central
Indian patients with sickle cell anemia. Further-
more, higher frequency of MTHFR C677T poly-
morphism was detected among SCD in Africa. Ho-
mozygous form was detected in 1 patient (1.8%),
while 18 patients (34%) were found to have the
heterozygous form. On the other hand, associa-
tion between the 677T allele and vascular compli-
cations in SCD patients was identified in Africa.

The findings showed that the presence of the
MTHFR C677T allele was highly related with the
incidence of vascular thrombosis in SCD patients,
and the Odds ratios (OR) was 3.8 (95% CI: 1.3-17.3,
P= 0.020). Higher prevalence of MTHFR C677T
polymorphism among SCD may be a risk factor for
vascular thrombosis in SCD (Moreira Neto et al.
2006). Additionally, an increased prevalence of
MTHFR C677T mutation was found among Per-
nambuco Brazilian patients with SCD. The study
authors selected two groups of patients:  the first
group was suffering from vascular complications
and the other group had no vascular complica-
tions. The genotypes 677 C/T and T/T revealed a
significant risk for ischemic stroke and deep vein
thrombosis in the SCD patients. This is likely to
be an indication for the development of vascular
complications in patients with sickle cell disease
(Hatzlhofer et al. 2012).

CONCLUSION

SCD patients exhibited abnormal blood cell
counts, with elevated WBCs, lowered RBCs, and
reduced Hb levels compared to standard reference
values. Hct, MCV, MCH, MCHC, and RDW also
demonstrated deviations from the normal ranges.
The investigation into thrombophilic mutations
among SCD patients and controls revealed signif-
icant differences in the distribution of FVL G1691A
and PRT G20210A mutations. However, there was
no notable distinction in the prevalence of MTH-
FR C677T between the SCD patients and controls.
Furthermore, the study explored the influence of
gender on the occurrence of these mutations but
found no significant gender-related differences for
FVL, PRT G20210A, and MTHFR C677T mutations.
These findings provide valuable insights into the
hematological characteristics and thrombophilic
mutations associated with SCD, contributing   bet-
ter ways that can be used for the diagnosis and
management of the condition.

RECOMMENDATIONS

Further studies on different regions are sug-
gested to be done to validate the current results.
Other rare risk factors contributing to vascular com-
plications in SCD may need to be addressed by
future analysis, such as mutations in the factor VII
gene, platelet glycoprotein IIIa (GPIIIa) gene, fi-
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brinogen gene and others. There is also a need to
explore the interplay between SCD and thrombo-
philic mutations. Longitudinal studies can help to
understand the impact of these mutations on the
disease course and the effectiveness of various
therapeutic interventions. Additionally, investigat-
ing the role of these mutations in influencing the
severity of SCD-related complications could pro-
vide valuable insights for improved patient care.
Thus, it is possible to improve therapy interven-
tions to reduce the symptoms that these patients
experience.
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