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Introduction: Hemolysis is a fundamental feature that contributes to hypercoagulability and
thrombotic complications in sickle cell disease (SCD). Factor V Leiden (FVL) and prothrombin
G20210A mutations are the most common genetic thrombophilia.

Objectives: The aim of this meta-analysis is to determine the relationship between FVL or prothrombin
G20210A and susceptibility of vaso-occlusive complications (VOC) in SCD.

Patients and Methods: For this meta-analysis, eligible studies were retrieved via two systematic searches
performed on PubMed, Web of Science and Google Scholar databases. The keywords used in the
former search included ‘sickle cell anemia, ‘SCD’, ‘Factor V Leiden’ and ‘G1691A (rs6025) mutation,
the letter using the keywords ‘sickle cell anemia, ‘SCD, ‘prothrombin, and ‘G20210A (rs1799963).
Results: The final number of studies included was 10 about SCD-VOC and FVL (total patients with
VOC 1086 and without VOC 933), and 6 about SCD-VOC and prothrombin G20210A mutation
(total patients with VOC 609 and without VOC 674). Meta-analysis in fixed effect model showed
that mutant genotypes (GA+AA vs. GG) of the FVL mutation was found to be higher in SCD patients
with VOC than in SCD patients without VOC (OR, 3.53; 95% CI, 2.24-5.08; P < 0.001). However, the
distribution of prothrombin G20210A mutation in SCD patients with or without VOC is similar (OR,
0.900; 95% CI, 0.51-1.59; P = 0.717).

Conclusion: Our meta-analysis establishes that the FVL mutation as a high-penetrant risk factor for
VOC in SCD patients, whereas the prothrombin G20210A is not associated with the risk of VOC in
SCD patients. To further validate the clinical utility of these prothrombotic mutations in SCD patient,
large scale and prospective studies in diverse populations are warranted.

Implication for health policy/practice/research/medical education:
This study helps in understanding the role of prothrombotic mutations in sickle cell disease patients. FVL remained as a high-
penetrant risk factor for VOC in sickle cell disease patients. The prothrombin G20210A mutation is not associated with VOC in

SCD patients.
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Introduction

thalassemia (2). In addition to these increased levels

Sickle cell disease (SCD) is a monogenetic blood disorder
that is inherited in an autosomal recessive fashion. This
hereditary hemolytic anemia causes chronic vascular
manifestations due to intravascular sickling in capillary
and vessels (1). The clinical outcome of SCD ranges
from mild to moderate to severe with acute to chronic
clinical manifestations. Many genetic factors are known
to modify the clinical severity of SCD. Amelioration of
clinical severity in SCD is directly related to the other
genetic determinants such as high HbF levels, Xmn-I
polymorphism, Arab Indian haplotype and alpha

of acute-phase reactants and inflammatory mediators
and nitric oxide scavenging due to hemolysis results in
hypercoagulability and thrombotic complications in SCD
(3). Coinheritance of protein-C, protein-S or antithrombin
deficiency further worsens the hypercoagulable state in
SCD patients (4). Further, several studies investigated the
association between prothrombotic factors and the risk of
venous thromboembolism in SCD patients (5,6).

The most significant risk factors of thromboembolism
are the inherited genetic mutations in factor V Leiden
(FVL), prothrombin and methylenetetrahydrofolate
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reductase (MTHFR) genes (7). FVL refers to the G1691A
(Arg506Gln; rs6025) mutation in exon 10 of the factor
V (FV) gene. The carriers of both heterozygote and
homozygote states of FVL mutation showed increased
risk of venous thrombosis by exhibiting FV resistance
to activated protein C (8). Prothrombin (factor II)
is a vitamin K dependent protein that is involved in
coagulation. A common mutation in 3’- untranslated
region of prothrombin gene (G20210A; rs1799963)
associated with elevated levels of prothrombin (9). Several
studies have investigated the association between vascular
complications and FVL, prothrombin G20210A and
MTHEFR C677T SNPs in SCD patients, but the results are
inconclusive (10-19). As regards to the role of MTHFR
C677T in SCD patients, a meta-analysis including 11
cross sectional studies established that MTHFR 677C>T
mutation as a high-penetrant risk factor for vaso-occlusive
complications (VOC) in SCD patients (20). In the present
study we performed a meta-analysis of the available data to
determine the relationship between FVL or prothrombin
G20210A and susceptibility of VOC in SCD.

Materials and Methods

Literature search criteria

For this meta-analysis, eligible studies were retrieved via
two systematic searches performed on PubMed, Web of
Science and Google Scholar databases. The keywords
used in the former search included ‘sickle cell anemia,
‘SCD’, ‘Factor V Leiden’ and ‘G1691A (rs6025) mutation,
the letter using the keywords ‘sickle cell anemia, ‘SCD;,
‘prothrombin, and ‘G20210A (rs1799963). No data or
language restrictions were applied to search the relevant
papers and the last search was updated on January 17,
2019. The inclusion criteria adopted to select the studies
included in the present meta-analysis is as follows: (1)

Factor V Leiden: 45 studies
identified through initial search

Prothrombin G20210A: 29 studies
identified through initial search

case-control study; (2) evaluating the association between
FVL/Prothrombin G20210A mutation and vascular
complication of SCD; and (3) containing the count for
FVL/Prothrombin G20210A genotypes to calculate the
odds ratio (OR) and confidence interval (CI). Author,
publication date, ethnicity, genotyping data for the FVL/
Prothrombin G20210A mutations in SCD patients with
or without vascular complications were extracted from
each paper. As none of the selected papers having all three
genotypes and the presence of selection in comparison
group, Hardy-Weinberg equilibrium was not tested for
independent papers. The inter study heterogeneity was
assessed by Cochran’s Q test and inconsistency value I>. To
assess the strength of the associations between the FVL/
Prothrombin G20210A mutations with susceptibility to
vascular complication, crude OR and corresponding 95%
CI limits were calculated and two-sided p-values were
reported. Fixed-effect method was used to pool results
in the dominant model. High-resolution forest plots were
prepared to depict both OR and 95% CI limits. To assess
publication bias we examined funnel plots. As there is low
inter study heterogeneity, a sensitivity analysis was not
performed. The analysis was conducted using a web tool
MetaGenyo (21).

Results

Characteristics of studies

The process adopted for retrieval and selection of papers
in this meta-analysis is shown in Figure 1. The baseline
characteristics of the included studies are summarized
in Table 1. All included studies provided data on the
prevalence of both FVL and prothrombin G20210A or
any one of the mutations in SCD patients with or without
VOC. Data on the prevalence of FVL in SCD patients were
provided in 10 studies (10-19), and data on the prevalence

l

l

27 studies remained after
removing duplicates

16 full text articles assessed for

eligibility

P

11 papers excluded based on titles
and abstracts

10 studies finally selected

l

10 Factor V Leiden studies
included in quantitative synthesis

—S

6 Studies excluded because they are
not dealing with vaso-occlusion

l

6 Prothrombin G20210A studies
included in quantitative synthesis

Figure 1. Schema describing the steps taken during study selection.
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Vaso-occlusive complications in sickle cell

Table 1. Characteristics of the studies included in the meta-analysis of FVL and prothrombin G20210A

FVL Prothrombin G20210A
Vaso-occlusi Total No.
Author Population Age (y) aso OFC u‘swe otaiNo vocC No VOC vocC No VOC
Complications of samples
GG GA+AA GG GA+AA GG GA+AA GG GA+AA
Andrade et al (10)  Brazilians 14 - 62 Stroke 73 4 1 67 1 8 1 63 1
Zimmerman et al African 10 AVNF 101 16 0 8 0 16 0 8 0
(11) Americans Stroke 100 27 0 74 0 27 0 74 0
Kutlar et al (12) Afrlca'n <10 Thrombosis 20 1 9 6 4 - - - -
Americans

Farra et al (13) Lebanese NA Severe VOC 163 83 10 61 9 89 4 64 6
Hatzlhofer et al (14) Brazilians 5-72 Severe VOC 277 174 3 100 O 174 3 98 2
Hamdy et al (15) Egyptians 3-18 VOoC 50/100* 10 9 25 6 47 3 49 1
Chest pain 150 60 17 68 5 - - - -
Bone joint pain 150 103 22 25 0 - - - -

Nishank et al (16) Indian 16 £6.5
Abdominal Pain 150 58 16 70 6 - - - -
Fatigue 150 75 19 53 3 - - - -
Sedky et al (17) Egyptians NA Stroke 40 1 5 27 7 - - - -
Kangne et al (18) Indian 1-47 VoC 126 100 3 23 0 - - - -
Joint pain 117 41 16 56 4 55 4 54 4
Chest pain 117 52 18 45 2 57 4 52 4

Samarah et al (19)  Palestinians 16 +9.9
Abdominal Pain 117 48 14 49 6 61 4 48 4
Splenomegaly 117 53 18 44 2 49 3 60 5

*Total Number of samples for FVL is 50 for prothrombin 100.

AVNF: Avascular necrosis of the femoral head; VOC: vaso-occlusive complications; CVD: Cerebrovascular disease; NA: Not available.

of prothrombin G20210A were provided in 6 studies
(10,11,13-15,19).

Association of the FVL mutation With VOC in SCD

Ten studies compared the prevalence of total FVL mutation
in SCD patients with (n=1086) or without VOC (n=933).
The heterogeneity among studies was not significant
(I*=19.8%; P=0.233). By using a fixed effects model, the
prevalence of total FVL mutations was found to be higher
in SCD patients with VOC than in SCD patients without
VOC (OR, 3.53; 95% CI, 2.24-5.08; P < 0.001) (Figure
2A). The funnel plot of studies evaluating the role of FVL
appeared symmetric (Figure 3A), suggesting the absence
of publication bias (Egger’s test P value = 0.1017).

Association of the prothrombin G20210A mutation with
VOC in SCD

Six studies compared the prevalence of total prothrombin
G20210A mutation in SCD patients with (n=609) or
without VOC (n=674). The heterogeneity among studies
was not significant (I*=0%; P =0.739). Using a fixed-effects
model, the prevalence of total prothrombin G20210A
mutation was similar in SCD patients with VOC and
without VOC (OR, 0.900; 95% CI, 0.51-1.59; P =0.717)
(Figure 2B). The funnel plot of studies evaluating the role
of prothrombin G20210A suggests evidence of asymmetry
or publication bias (Figure 3B).

Discussion

SCD patients are at risk of variety of VOC as a result
of hemolysis and superimposed thrombosis (22). A
recent study using a population-based data set from the
state of California, described the prevalence of venous
thromboembolism (VTE) and its consequences in SCD
patients (23). FVL and prothrombin G20210A mutations
are the most common genetic thrombophilias known to
increase the risk of initial VTE (9, 24). The findings of
our meta-analysis suggest that the FVL mutation in SCD
patients increases the risk of VOC. There is no evidence of
publication bias or statistical heterogeneity between FVL
studies of this meta-analysis. As regards to prothrombin
G20210A, our meta-analysis showed that the prevalence
of 20210A allele carriers in SCD patients with or without
VOC is similar.

The carriers of FVL mutant proteins confer a greater
risk of developing deep vein thrombosis compared
with normal individuals (25). Further, the carriers of
prothrombin G20210A mutation are associated with a
3-fold greater risk of venous thrombosis (26). However
these mutations show distinctive worldwide distribution.
Both FVL and prothrombin G20210A mutations are
prevalent among Caucasians and found to be rare among
other populations, including Africans (27). Several studies
have focused on the prevalence of FVL and prothrombin
G20210A mutations in SCD patients to determine a
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Experimental Control Odds Ratio

/"j Study Events Total Events Total OR 95%-Cl W(fixed)
Andrade et al. 1998 1 5 1 68 16.75 [0.88;319.92] 1.5%
Zimmerman et al. 2001 0 16 0 85 0.0%
Zimmerman et al. 2001 0 27 0 74 0.0%
Kutlar et al. 2005 9 10 4 10 13.50 [1.20; 152.21] 2.2%
Farraetal. 2010 10 93 9 70 —_ 082 [0.31; 213] 14.3%
Hatzlhofer et al., 2012 3 177 0 100 4.03 [0.21; 78.84] 1.5%
Hamdy et al. 2013 9 19 6 31 & 3.75 [1.06; 13.31] 8.2%
Nishank et al. 2013 17 77 5 73 - 3.85 [1.34; 11.08] 11.8%
Nishank et al. 2013 22 125 0 25 ——i—— 11.09 [0.65; 188.95] 1.6%
Nishank et al. 2013 16 74 6 76 & 322 [1.18; 8.75] 13.2%
Nishank et al. 2013 19 94 3 56 —— 4.48 [1.26; 15.90] 8.2%
Sedky et al. 2015 5 6 7 34 ———— 19.29 [1.93:192.81] 2.5%
Kangne et al. 2015 3 103 0 23 1.64 [0.08; 32.78] 1.5%
Samarah et al. 2018 16 57 4 60 —— 546 [1.70; 17.56]  9.7%
Samarah et al. 2018 18 70 2 47 — - 7.79 [1.71; 35.41] 5.7%
Samarah et al. 2018 14 62 6 55 5 238 [0.85; 6.71] 12.3%
Samarah et al. 2018 18 71 2 46 — 7.47 [1.64; 33.98] 5.7%
Fixed effect model 1086 933 3.53 [2.46; 5.08] 100%

r 4=0.1314, p-02328 . . .
0.01 0.1 1 10 100
@ Experimental Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed)
Andrade et al. 1998 1 9 1 64 — 7.88 [0.45; 138.58] 3.9%
Zimmerman et al. 2001 0 16 0 85 0.0%
Zimmerman et al. 2001 0 27 0 74 0.0%
Farraetal., 2010 4 93 6 70 — 048 [0.13; 1.77] 18.8%
Hatzlhofer et al. 2012 3 177 2 100 —_— 084 [0.14; 514] 98%
Hamdy et al. 2013 3 50 150 ———— 313 [031;31.14]  6.1%
Samarah et al. 2018 4 59 4 58 —— 098 [0.23; 4.13] 15.6%
Samarah et al. 2018 4 81 4 56 — 091 [0.22; 3.83] 15.6%
Samarah et al. 2018 4 65 4 52 — 0.79 [0.19; 3.31] 156%
Samarah et al. 2018 3 52 5 65 4’7‘ 073 [0.17; 3.23] 14.6%
Fixed effect model 609 674 0.90 [0.51; 1.59] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.7392 j
0.01 0.1 1 10 100

Figure 2. Forest plot of the association of prothrombotic mutations and
VOC. A: Factor V Leiden; B: prothrombin G20210A; Experimental: with
vascular complications; Control: without vascular complications; Events:
GA + AA; OR: odds ratio; Cl: confidence interval; W: weight.

possible association with various VOC. High frequency of
FVL reported in Indian (16), Iranian (28), and Palestinian
SCD patients (19). High frequency of prothrombin
G20210A mutation was documented in Tunisian SCD
patients (29). In contrast to this a low prevalence of FVL
and prothrombin G20210A was reported in African
American (30), Saudi Arabian (31) and Afro-Brazilian
SCD patients (32).

Conclusion

Although the SCD is a monogenetic disorder, the
susceptibility of VOC in SCD is multifactorial and
involving both genetic and environmental factors, each
with a small effect on VOC risk. Further, the heterogeneity
in VOC poses a great challenge to researchers focusing on
VOC pathogenesis and therapy in SCD patients. Hence, it
is difficult to accurately predict the VOC risk by analyzing
a single genetic variation. To further validate the clinical
utility of these prothrombotic mutations in SCD patient,
large scale and prospective studies in diverse populations
are warranted.

Author’s contribution
LVKSB is the single author of the paper.

Conlflicts of interest
None declared.

Ethical considerations

Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by the
author.

Standard Error
8

- N ° .
T T T T T T T T
0.2 05 1.0 20 5.0 10.0 200 50.0 100.0
Odds Ratio
B3|
E:
e
s
& o
°
K] o° PO
H
a
o
o
°
- °
bl T T T T T T T T
0.05 0.10 0.20 050 1.00 2.00 5.00 10.00 20.00

Odds Ratio

Figure 3. Publication bias for the prothrombotic mutations and VOC in
SCD. A: Factor V Leiden; B: Prothrombin G20210A.

Funding/Support
None.

References

1.  Bhaskar LVKS, Patra PK. Sickle cell disease is autochthonous
and unique in Indian populations. I Indian ] Phys Anthropol
Hum Genet. 2015;34:201-10.

2. Miri-Moghaddam E, Bahrami S, Naderi M, Bazi A,
Karimipoor M. Xmnl-158 yGVariant in B-Thalassemia
Intermediate Patients in South-East of Iran. Int ] Hematol
Oncol Stem Cell Res. 2017;11:165-171.

3. Schaer DJ, Buehler PW, Alayash AI, Belcher JD, Vercellotti
GM. Hemolysis and free hemoglobin revisited: exploring
hemoglobin and hemin scavengers as a novel class of
therapeutic proteins. Blood. 2013;121:1276-84. DOI:10.1182/
blood-2012-11-451229.

4.  4.XKusfaIU, Mamman Al, Aminu SM, Hassan A, Muktar HM.
Protein C and antithrombin levels in patients with sickle
cell anemia in Ahmadu Bello University Teaching Hospital
Zaria, Nigeria. Niger J Clin Pract. 2017;20:998-1001. doi:
10.4103/njcp.njcp_363_16.

5. Noubiap JJ, Temgoua MN, Tankeu R, Tochie JN, Wonkam A,
Bigna JJ. Sickle cell disease, sickle trait and the risk for venous
thromboembolism: a systematic review and meta-analysis.
Thromb J. 2018;16:27. doi: 10.1186/s12959-018-0179-z.

6.  Naik RP, Streiff MB, Haywood C Jr, Nelson JA, Lanzkron S.
Venous thromboembolism in adults with sickle cell disease:
a serious and under-recognized complication. Am ] Med.
2013;126:443-9. doi: 10.1016/j.amjmed.2012.12.016.

7. Pirhoushiaran M, Ghasemi MR, Hami J, Zargari P, Sasan

4 Journal of Nephropharmacology, Volume 8, Number 2, July 2019

http://www.jnephropharmacology.com


http://www.jnephropharmacology.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nezhad P, Azarpazhooh MR, et al. The association of
coagulation factor V (Leiden) and factor II (prothrombin)
mutations with stroke. Iran Red Crescent Med J.
2014;16:e11548.  doi:  10.5812/ircm;j.11548.

Simone B, De Stefano V, Leoncini E, Zacho J, Martinelli
I, Emmerich J, et al. Risk of venous thromboembolism
associated with single and combined effects of Factor V
Leiden, Prothrombin 20210A and Methylenetethraydrofolate
reductase C677T: a meta-analysis involving over 11,000
cases and 21,000 controls. Eur ] Epidemiol. 2013;28:621-47.
doi:  10.1007/s10654-013-9825-8.

Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A
common genetic variation in the 3’-untranslated region of
the prothrombin gene is associated with elevated plasma
prothrombin levels and an increase in venous thrombosis.
Blood. 1996;88:3698-703.

Andrade FL, Annichino-Bizzacchi JM, Saad ST, Costa FE
Arruda VR. Prothrombin mutant, factor V Leiden, and
thermolabile variant of methylenetetrahydrofolate reductase
among patients with sickle cell disease in Brazil. Am J
Hematol. 1998;59(1):46-50.

Zimmerman SA, Howard TA, Whorton MR, Rosse WE
James AH, Ware RE. Thrombophilic DNA mutations as
independent risk factors for stroke and avascular necrosis
in sickle cell anemia. Hematology. 2001;6(5):347-53. doi:
10.1080/10245332.2001.11746590.

Kutlar A. Sickle cell disease: a multigenic perspective of a
single gene disorder. Hematology. 2005;10 Suppl 1:92-9.
Farra C, Zahed L, Nietert PJ, Hourani H, Jradi O, Inati A, et al.
Vascular at-risk genotypes and disease severity in Lebanese
sickle cell disease patients. Am ] Hematol. 2010;85(5):395-6.
DOI:10.1002/ajh.21688.

Hatzlhofer BL, Bezerra MA, Santos MN, Albuquerque DM,
Freitas EM, Costa FE, et al. MTHFR polymorphic variant
C677T is associated to vascular complications in sickle-cell
disease. Genet Test Mol Biomarkers. 2012;16(9):1038-43.
DOI:10.1089/gtmb.2011.0361

Hamdy MSE-D, Gouda HM, Shaheen IA-M, Khorshied MM,
Tomerak RH. Prevalence of factor V Leiden (G1619A) and
prothrombin gene (G20210A) mutation in Egyptian children
with sickle cell disease. Comp Clin Path. 2013;22(4):697-702.
Nishank SS, Singh MP, Yadav R. Clinical impact of factor
V Leiden, prothrombin G20210A, and MTHFR C677T
mutations among sickle cell disease patients of Central India.
Eur ] Haematol. 2013;91(5):462-6. doi: 10.1111/ejh.12190.
Sedky HA, Osman AA, Abd El Hamed A, Saad AA,
Abdelmaksoud AA, Gamal Eldin DMS. Factor V-Leiden,
prothrombin G 20210A and MTHFR C677T mutaions
among patients with sickle cell disease. Egypt ] Paediatr.
2015;32(1-2):93-104.

Kangne HK, Jijina FF, Italia YM, Jain DL, Nadkarni AH, Ghosh
KK, Colah RB. The Prevalence of Factor V Leiden (G1691A)
and Methylenetetrahydrofolate Reductase C677T Mutations
in Sickle Cell Disease in Western India. Clin Appl Thromb
Hemost. 2015;21(2):186-9. doi: 10.1177/1076029613495308.
Samarah F Srour MA. Factor V Leiden G1691A and
prothrombin G20210A mutations among Palestinian
patients with sickle cell disease. BMC Hematol. 2018;18:1.
doi: 10.1186/512878-018-0097-0.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Vaso-occlusive complications in sickle cell

Lakkakula BVKS. Association between MTHFR 677C>T
polymorphism and vascular complications in sickle cell
disease: A meta-analysis. Transfus Clin Biol. 2019 Jan 10. pii:
$1246-7820(19)30003-5. doi: 10.1016/j.tracli.2019.01.003.
Martorell-Marugan ], Toro-Dominguez D, Alarcon-
Riquelme ME, Carmona-Saez P. MetaGenyo: a web tool
for meta-analysis of genetic association studies. BMC
Bioinformatics. 2017;18:563. doi: 10.1186/s12859-017-1990-
4.

Kumar R, Stanek J, Creary S, Dunn A, OBrien SH.
Prevalence and risk factors for venous thromboembolism
in children with sickle cell disease: an administrative
database study. Blood Adv. 2018;2:285-291. doi: 10.1182/
bloodadvances.2017012336.

Brunson A, Lei A, Rosenberg AS, White RH, Keegan T,
Wun T. Increased incidence of VTE in sickle cell disease
patients: risk factors, recurrence and impact on mortality.
Br ] Haematol. 2017;178(2):319-26. DOI:10.1111/bjh.14655.
Bertina RM, Koeleman BP, Koster T, Rosendaal FR, Dirven
RJ, de Ronde H, et al. Mutation in blood coagulation factor
V associated with resistance to activated protein C. Nature.
1994;369:64-7. DOI:10.1038/369064a0.

Corral J, Roldan V, Vicente V. Deep venous thrombosis
or pulmonary embolism and factor V Leiden: enigma or
paradox. Haematologica. 2010;95:863-6. DOI:10.3324/
haematol.2010.023432.

Attia FM, Mikhailidis DP, Reffat SA. Prothrombin gene
G20210A mutation in acute deep venous thrombosis patients
with poor response to warfarin therapy. Open Cardiovasc
Med J. 2009;3:147-51. doi: 10.2174/1874192400903010147.
Dziadosz M, Baxi LV. Global prevalence of prothrombin gene
mutation G20210A and implications in women’s health: a
systematic review. Blood Coagul Fibrinolys. 2016;27(5):481-
9. doi: 10.1097/MBC.0000000000000562.

Rahimi Z, Vaisi-Raygani A, Nagel RL, Muniz A.
Thrombophilic mutations among Southern Iranian patients
with sickle cell disease: high prevalence of factor V Leiden. |
Thromb Thrombolysis. 2008;25:288-92. d0i:10.1007/s11239-
007-0069-x

Belhaj Nefissi R, Doggui R, Ouali F, Messaoud T, Gritli N.
Factor V Leiden G1691A, Prothrombin G20210A, and
MTHFR C677T and A1298C Mutations in Patients With
Sickle Cell Disease in Tunisia. Hemoglobin. 2018;42:96-102.
doi:  10.1080/03630269.2018.1451340.

Kahn M]J, Scher C, Rozans M, Michaels RK, Leissinger
C, Krause J. Factor V Leiden is not responsible for stroke
in patients with sickling disorders and is uncommon
in African Americans with sickle cell disease. Am ]
Hematol.1997;54:12-5.

Fawaz NA, Bashawery L, Al-Sheikh I, Qatari A, Al-Othman
SS, Almawi WY. Factor V-Leiden, prothrombin G20210A,
and MTHFR C677T mutations among patients with
sickle cell disease in Eastern Saudi Arabia. Am ] Hematol.
2004;76:307-9.  DOI:10.1002/ajh.20087.

32. Moreira Neto F, Lourenco DM, Noguti MA, Morelli VM,
Gil IC, Beltrao AC, et al. The clinical impact of MTHFR
polymorphism on the vascular complications of sickle cell
disease. Braz ] Med Biol Res. 2006;39:1291-5.

Copyright © 2019 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.jnephropharmacology.com

Journal of Nephropharmacology, Volume 8, Number 2, July 2019 5


http://www.jnephropharmacology.com

