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Background: FV, MTHFR, II, and PAI-I are the most common genes associated with
thrombophilia genetic variants, which vary among different populations and ethnic groups.
Little is known about the prevalence and multiplicity of these variants in Jordan. The aim of
this study was to estimate the prevalence and multiplicity of the FV G1691A, FV H1299R,
MTHFR 1298A>C, MTHFR 677C>T, II 20210G>A, and PAI-I 675 4G/5G variants among
healthy Jordanians.

Methods: This cross-sectional study was conducted on randomly selected healthy Jordanian
participants. Non-Jordanians and those with a history of arterial/venous thrombosis, athero-
sclerosis, or a history of recurrent abortions were excluded from the study. PCR was used to
detect variants in DNA extracted from participants’ blood samples.

Results: A total of 300 subjects were screened: 170 (56.7%) females with an average age of
27.78+9.32 years and 130 (43.3%) males with an average age of 29.88+8.55 years. Genetic
variants (at least one) were found in 75% of the subjects (81.2% among females and 66.9%
among men), while 64.7%, 52%, and 12% were found to have at least two, three, and four
variants, respectively. Overall, 21%, 29%, 54.3%, 27.3%, 7.7%, and 66% of participants
were found to have FV G1691A, FV H1299R, MTHFR 1298A>C, MTHFR 677C>T, II
20210G>A, and PAI-I 675 4G/5G gene variants, respectively.

Conclusion: Three-quarters of our population had at least one of the thrombophilia genetic
variants, and most had more than one variant. The most common variants detected were
associated with MTHFR, followed by PAI-I, FV, and then II. We observed that females had
higher prevalence estimates than males. However, multiplicity among males was signifi-
cantly higher than females. Our findings indicated noticeable differences in prevalence
estimates compared with other populations.
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Introduction

Thrombosis is one of the most common reasons for death among young people.' It
is a multifactorial disease, with major medical impacts occurring in arterial or
venous circulation resulting from dynamic interactions among many genetic and
acquired risk factors.! Several known factors are associated with development of
that
a hypercoagulable state known as thrombophilia.? The variant spectrum of heredi-

the disease, including genetic variants predispose individuals to

tary thrombophilia and subsequent clinical manifestations vary among ethnic
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groups.®* For instance, the FV Leiden and FI7 20210G>A
prothrombin gene variants both lead to enhanced blood
coagulation.” Elevated levels of homocysteine can result
from several variants in the MTHFR gene, and have been
identified as risk factors of thrombosis.” Impaired fibrino-
lytic function induced by elevated PAI-I expression is
commonly observed in patients with the thrombotic
disease.’

In Jordan, there is a lack of information regarding the
prevalence and multiplicity (a combination of more than
one genetic variant) of these genetic variants. Therefore,
the present study aimed to determine the prevalence and
multiplicity of the most common thrombophilia variants in
thye FV, MTHFR, FII, and PAI-I genes among Jordanians.
This will help in providing basic knowledge for future
studies to aid in the proper diagnosis and treatment of
thrombotic diseases.

Methods

This cross-sectional study was approved by the
institutional review board (16/123/2019) of Jordan
University of Science and Technology and King
Abdullah University Hospital and was conducted in accor-
dance with the Declaration of Helsinki. It was performed
on healthy Jordanian participants between October 2019
and March 2020. Study participants were randomly
selected from blood donors who were geographically dis-
tributed in the north, middle, and south of Jordan. Written
and informed consent was provided. Those excluded from
the study were non-Jordanians, relatives (at least from the
paternal side) those with a history of radiation exposure,
arterial/venous thrombosis, atherosclerosis (peripheral
arterial, cardiovascular, and cerebrovascular disease), or

recurrent abortions.

Genetic Analysis

Venous blood samples were collected from participants in
vacutainers containing 2 mL EDTA to run molecular analysis
for FV, MTHFR, 11, and PAI-I genetic variants with PCR and
DNA hybridization of amplified target sequences with
a Nuclear Laser Medicine screening test for thrombophilic
disease 7 mutations. GenxTract was used for DNA extraction
with cell lysing and resin, then the DNA material was pre-
pared for PCR. DNA extraction was followed by amplifica-
tion, where oligonucleotides complementary to sequences
within the FV, MTHFR, PAI-I, and II genes were synthesized.
PCR products were loaded into specific well plates. Allele-
specific capture probes were complementary to nucleotides

and able to bind with the gene sequences of either the wild or
mutated types. There were three types of probes — normal,
mutant, and control — specified and listed within the kit,
which had all needed materials according to the manufac-
turer’s recommendations. The procedure started with incuba-
tion in a water bath for 30 minutes at 45°C, followed by
washing to remove excess excessive probes and any other
unwanted materials. After binding of the conjugate to the
probe—target complex, multiple washes were done to remove
unbound conjugates, followed by procedural steps for the
detection of chromogens. Development of a colored chromo-
gen on the region of the gene on the strip with only one line
on the normal site meant that the sample contained the wild
type, while two lines meant a heterozygous variant. On the
other hand, one line at the mutant site meant that we had the
homozygous variant. Strip tests were performed for two
polymorphisms/gene variants in FV Leiden (HR2 and
R506Q), two polymorphisms in the MTHFR gene (677C>T
and 1298A>C), and one polymorphism in the I/ gene
(20210G>A).

Statistical Analysis

Data were analyzed using SPSS 26.0. Frequencies with
percentages and means + SD are reported as appropriate,
95% CIs were used for prevalence estimates, ?* to com-
pare categorical variables, and #-tests and ANOVA to
compare means. P=0.05 was considered statistically
significant.

Results

We collected data on 300 healthy Jordanian individuals.
This sample consisted of 130 (43.3%) males (average age
29.88+8.55 years) and 170 (56.7%) females (average age
27.78+9.32 years). For the genes we studied, 215 (71.7%)
participants had polymorphisms in MTHFR, while 198
(66%), 144 (48%), and 23 (7.7%) had polymorphisms in
PAI-I, FV; and I, respectively. Females were significantly
older than males (mean difference 2.1 years, P=0.04).
Sample characteristics are given in Table 1.

MTHFR

Most occurrences of polymorphisms were in the MTHFR
gene (71.7%). Polymorphisms in this sample were either
1298A>C (54.3%) or 677C>T (27.3%). Females have
a significantly higher rates of polymorphisms in this gene
than males (77.1% vs 64.6%, P=0.025), but this difference
was not present when we tested each on its own. Females had
a slight, though significant tendency to have a heterozygous
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Table | Sample characteristics and distribution of polymorphisms with respect to sex

Males (n=130) Females (n=170) P Total (n=300)
Age, years
Mean (SD) 29.9 (8.55) 27.8 (9.32) 0.043 28.7 (9.04)
Median (range) 29 (12-50) 27 (21-49) 28 (12-50)
MTHFR 84 (64.6%) 131 (77.1%) 0.025°¢ 215 (71.7%)
1298A>C 64 (49.2%) 99 (58.2%) 0.1517 163 (54.3%)
Hetero 47 (36.2%) 73 (42.9%) 0.3° 120 (40.0%)
Homo 17 (13.1%) 26 (15.3%) 43 (14.3%)
Wild type 66 (50.8%) 71 (41.8%) 137 (45.7%)
677C>T 34 (26.2%) 48 (28.2%) 0.787° 82 (27.3%)
Hetero 23 (17.7%) 45 (26.5%) 0.0055° 68 (22.7%)
Homo 11 (8.5%) 3 (1.8%) 14 (4.7%)
Wild type 96 (73.8%) 122 (71.8%) 218 (72.7%)
PAII 75 (57.7%) 123 (72.4%) 0.011% 198 (66.0%)
Hetero 48 (36.9%) 69 (40.6%) 0.017° 117 (39.0%)
Homo 27 (20.8%) 54 (31.8%) 81 (27.0%)
Wild type 55 (42.3%) 47 (27.6%) 102 (34.0%)
Fv 56 (43.1%) 88 (51.8%) 0.169¢ 144 (48.0%)
1691G>A 12 (9.2%) 51 (30.0%) <0.001* 63 (21.0%)
Hetero 8 (6.2%) 43 (25.3%) <0.001° 51 (17.0%)
Homo 4 (3.1%) 8 (4.7%) 12 (4.0%)
Wild type 118 (90.8%) 119 (70.0%) 237 (79.0%)
1299H>R 50 (38.5%) 37 (21.8%) 0.003 87 (29.0%)
Hetero 42 (32.3%) 23 (13.5%) <0.001 65 (21.7%)
Homo 8 (6.2%) 14 (8.2%) 22 (7.3%)
Wild type 80 (61.5%) 133 (78.2%) 213 (71.0%)
n 9 (6.9%) 14 (8.2%) 0.838° 23 (7.7%)
Hetero 6 (4.6%) Il (6.5%) 17 (5.7%)
Homo 3 (2.3%) 3 (1.8%) 6 (2.0%)
Wild type 121 (93.1%) 156 (91.8%) 227 (75.7%)

Notes: *Comparison between polymorphic (regardless of being homozygous/heterozygous variants) and wild-type patients with the same SNP; bv:omparison between

homozygous variants vs heterozygous variants and wild type within the same SNP (viewing homozygous and heterozygous variants separately); “only in genes with two SNPs
studied —comparison between wild-type vs polymorphic patients (regardless of SNP type).

variant of 677C>T more than males and lower tendency to
have a homozygous variant (P=0.006). This difference was
not found for 1298 A>C (Table 1). Most MTHFR polymorph-
ism (94.0%) carriers possessed PAI-I polymorphisms, fol-
lowed by FV (64.7%), and II (9.3%; Table 2).

PAI-I

PAI-I polymorphisms were detected in 198 (66%) sub-
jects. Females had higher rates of polymorphisms in
PAI-I than males (72.4% vs 57.7%, P=0.01). This sig-
nificant difference remained even when considering het-
erozygous/homozygous against wild-type variants
between males and females (P=0.02, Table 1). Most

PAI-I polymorphism carriers had polymorphism in
MTHFR (94.0%), and this was the most prevalent co-
occurrence in the genes we studied, especially for
MTHFR-1298A>C (82.3%). FV polymorphisms were
present in 72.2% of individuals who possessed a PAI-I
polymorphism: 43.7% in FV-1299H>R and 31.8% in
FV-1691G>A. Only 11.6% of PAI-I-polymorphism car-
riers had /I polymorphisms (Table 2).

FV

FV polymorphisms were detected in 144 (48.0%) subjects.
The 1691G>A polymorphism was significantly more com-
mon in females (30% vs 9.2%, P<0.001) and 1299H>R
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Table 2 Multiplicity of genetic polymorphisms with respect to sex

Polymorphisms, n Males, n (%) Females, n (%) Total, n (%) P
>| 87 (66.9) 138 (81.2) 225 (75) 0.005
2 74 (56.9) 120 (70.6) 194 (64.7) 0.015
>3 61 (46.9) 95 (55.9) 156 (52) 0.126
>4 17 (13.1) 19 (11.2) 36 (12) 0.619
=5 5(3.8) 0 5(1.7) —

more common in males (38.5% vs 21.8%, P=0.003;
Table 1). Because these two results opposed each other,
testing FV polymorphisms in general resulted in
a nonsignificant difference (P=0.169). Interestingly, there
were co-occurrences of /7 polymorphisms in FV-1691G>A
carriers (33.3%), with a higher prevalence in males
(66.7%) than females (25.5%). Of male FV-1299H>R
carriers, 12% possessed FV-1691G>A, while none of the
female FV-1299H>R carriers possessed that polymorph-

ism (Table 2).

IT polymorphisms were the least prevalent (n=23 subjects,
7.7%), with only nine males and 14 females showing.
There was no difference between males and females
(P=0.838). II polymorphisms were most commonly asso-
ciated with FV polymorphisms (14.6%), followed by PAI-1
and MTFHR. Figures for co-occurrence for heterozygous
and homozygous variants for all genes are given in
Table 2.

Multiplicity of Genetic Polymorphisms

We also inspected occurrences in more than just two
polymorphisms at the same time. Three-quarters of parti-
cipants had at least one polymorphism in one the of genes
we studied, with females more prevalent in this category
than males (81.2% vs 66.9%, P=0.005), while 64.7% of
participants had at least two polymorphisms, with higher
prevalence in females as well (P=0.015). Participants with
at least three, four, or five polymorphisms constituted
52%, 12%, and 1.7% of the sample, respectively, with no
differences with respect to sex. None of the participants
had six polymorphisms at the same time (Table 3).
Figure 1 presents a comparison matrix showing numbers
of subjects who had two different variant (hetero, homo,
and wild type) associations.

Some scenarios of multiplicity were more prevalent
than others: 120 (40%) participants possessed polymorph-
isms in MTHFR, FV, and PAI-I simultaneously
(Figure 2A), while 48 (16%) had polymorphisms in FV
and //I. The third-most common scenario was having
a polymorphism in MTHFR only and wild-type variants
in all of PAI-I, FV, and II, which occurred in 26 (8.67%)
participants. We also ran this analysis for males and
females separately, which resulted in similar distributions
(Figure 2B and C). Figure 2 presents the most common
associations between more than two genes, with Venn
diagrams demonstrating >16 different scenarios for gene
multiplicity and comparison between males and females.

Discussion

Thrombophilia has received growing attention since the
mutations responsible for more prevalent thrombophilia,
such as FV and /I 20210G>A (prothrombin) mutations,
were discovered in the 1990s.” Mutations in genes encod-
ing proteins that activate coagulation pathways or inacti-
vate anticoagulation mechanisms play an important role in
the
thrombosis.®*® Heritable thrombophilic defects are much

predisposition and increase risk of venous
more prevalent than was anticipated originally, and it is
not at all unusual to find individuals or families with more
than one defect.'® Carriers of a genetic risk factor are at
increased risk of a first venous thrombosis, particularly
when exposed to environmental triggers.” Such abnormal-
ities can be recognized in 50% of people who have throm-
botic episodes.” However, routine thrombophilia testing is
controversial, and research efforts have been focused on
selection criteria that may be used to increase the chance
of discovering a genetic risk factor.” In the current inves-
tigation, the most common genes with thrombophilic var-
iants (FV, MTHFR, FII, and PAI-I) were screened in our

Jordanian sample. About eight in every ten subjects
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Figure | Comparison matrix showing co-occurrence of two polymorphisms for all four genes. The diagonal line represents the reference.

screened seemed to have at least one of these six muta-
tions. The most prevalent variants were for MTHER
(71.7%) and PAI-I (66%) while the least prevalent were
for 11 (7.7%). Sex also seems to be an important factor in
these genes. Endogamy among Jordanian society could
explain the high prevalence of these mutations. The clin-
ical significance of these results is yet to be investigated.

FV
In 1994, Bertina et al first described a defect in the FV
gene.'' The most frequent is the 1691G>A mutation
known as FV Leiden, which is also the most frequent
prothrombotic  genetic

abnormality  leading to

thrombophilia.'?> This mutation brings the phenotype
known as activated protein C resistance, leading to
a hypercoagulable state, which increases the risk of

thrombosis.' Clotting has a dominant inheritance, ie,

heterozygosity for FV increases the risk of thrombosis as
much as five- to tenfold and homozygosity (when both
alleles are mutated) 50- to 100-fold."> In Caucasians,
heterozygosity for the F7 mutation is the most common
heritable thrombophilic defect. It is found in 2%-15% of
the general population, and is more prevalent in indivi-
duals of northern European extraction than those from
southern Europe.'® While this mutation is common in
Caucasians, it is almost absent among blacks and
Asians."® The country with the highest frequency reported
in the eastern Mediterranean region is Lebanon (14.4%).12

Our study showed that the prevalence of F'V variants in
the Jordanian general population is 48% (21% for Leiden
and 29% for 1299H>R), which is the highest in reported
literature, even when compared to neighboring Lebanon.
Although more common in females than males, this dif-
ference was statistically insignificant (P=0.084). As
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PAI-1

Fil
MTHFR
PAI-1 FVL
(0%)
8

©15%) 17

13.08%
P % ( g All Wild type

85.38%) . (0%) 43

(33.08%)

2

MTHFR

FVL

All Wild type

MTHFR

PAI-1 EVL

] 0
(0.59%) (0%)

0 y
%) /

10

(5.88% 31

)
(18.24%)
s
43.53%)  (176%)

All Wild type
32
(18.82%)

Figure 2 (A) Venn diagrams demonstrating >16 scenarios for gene multiplicity. For illustration purposes, we treated different polymorphisms of the MTHFR gene alike, and
the same for the FV gene. Subgroups analyses are shown in (B) womenfemales, and (C) menales.

mentioned, the most frequent mutation is 1691G>A.
On the contrary, we found that 1299H>R was more com-
mon than 1691G>A. We observed that only males had
both HI1299R and 1691G>A variants. Further studies
should be conducted to discover whether this observation
has clinical significance (Table 1).

Il (Prothrombin)

In 1996, Poort et al described single amino-acid genetic
variation in the 3’ untranslated region of the gene that
codes for prothrombin.'" Prothrombin has procoagulant,
anticoagulant, and antifibrinolytic activities, and thus
a disorder involving prothrombin results in multiple imbal-
ances in hemostasis.!" The prevalence of this defect in
northern Europe is 2% in general, but up to 6.5% has
been reported in southern Europe, where the prothrombin
20210G>A mutation might be the most prevalent heritable
thrombophilic defect."' Our data estimated that the preva-
lence of 20210G>A was 7.7%, which is slightly higher

than what has been reported in other populations.
Althoughmore common in females than males, this differ-
ence was statistically insignificant (P=0.422). We also we
found that heterogeneous variants were more common
than homogeneous variants (Table 1).

MTHFR

In 1969, McCully made a clinical observation linking
elevated plasma-homocysteine concentrations and vascular
diseases  (premature  atherosclerosis and  arterial
thrombosis).'""!* Elevations in plasma-homocysteine con-
centration can occur due to genetic defects in the enzymes
involved in homocysteine metabolism.'" This is coded by
MTHFR on chromosome 1, p36.3 in humans, and there are
DNA-sequence variants (genetic polymorphisms) asso-
ciated with this gene, although the two most common are
677C>T and 1298 A>C. The most common form of genetic
hyperhomocysteinaemia

results from production of

a thermolabile variant of methylene tetrahydrofolate
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reductase, with reduced enzymatic activity (T mutation).
The gene encoding for this variant contains an alanine-to-
valine substitution at amino acid 677 (677C>T)."" The
677C>T polymorphism shows wide regional and ethnic
variation, and prevalence is 2%-21%."> On the other
hand,the 1298 A>C mutation does not show as much popu-
lation variance: its prevalence is more uniform within
currently studied groups.'®

In our study, MTHFR had the highest prevalence among
the studied genetic variants. It was estimated to be mutated
in 71.7% of screened participants. The 1298 A>C variant was
the most common (44%), followed by 677C>T (17.7%).
This is different from what has been reported in the litera-
ture, where 677C>T is more common than 1298A>C. Also,
our results showed that 10% of participants had both
1298A>C and 677C>T. Females had significant higher pre-
valence of MTHFR variant than males (P=0.013, Table 1).

PAI-l 675 4g/5¢

The PAI-I 675 4G/5G polymorphism is related to differ-
ential binding of nuclear proteins that affect the rate of
transcription of fibrinolytic inhibitors.'® It is the primary
inhibitor of tissue- and urokinase-type plasminogen acti-
vators and considered a critical regulator of the fibrinolytic
system.'” Impaired fibrinolytic function induced by ele-
vated PAI-I expression is commonly observed in patients
with thrombotic disease.® Most studies, however, have
reported higher PAI-I plasma levels in individuals with
the 4G/5G genetic mutation.'® In the present study, the
prevalence of PAI-I 4G/5G was 66%. It showed female
predominance (P=0.006, Table 1).

Multiplicity of Variants

A homozygous abnormality or combination of two or
more abnormal heterozygous factors can lead to clinically
apparent thrombotic disorders at an early age.'' For exam-
ple, combinations of £V and the 7/ 20210G>A polymorph-
ism are found frequently.'® Therefore, in this study we
tried to determine the multiplicity of these genetic var-
iants. We found that three-quarters of participants (75%)
had at least one variant. A majority had two, three, and
four genetic variants: 64.7%, 52%, and 12%, respectively
(Table 2 and Table 3).

PAI-] variants were most commonly associated with
MTHFR variants (94.9%), followed by FV (72.2%) and I
(11.6%) variants. FV variants were most commonly asso-
ciated with PAI-I variants (99.3%), followed by MTHFR
(96.5%) and II (14.6%) variants. MTHFR variants were

most commonly associated with PA/] variants (87.4%), fol-
lowed by FV (64.7%) and II (9.30%) variants. I/
variants were most commonly associated with PAI-[ var-
iants (100%), followed by FV (91.3%) and MTHFR
(87.0%) variants. All these associations were statistically
significant (P=0) except for associations between // and
MTHFR variants (P=0.670, Table 3, Figures 1 and 2).

Comparison with Other Similar Studies in

Jordan

Eid and Rihani screened 200 healthy Jordanians (40%
female) and reported a 15% prevalence of FV Leiden
(87% heterozygous, 13% homozygous), 2% prothrombin
20210G>A (100% heterozygous), and 24% MTHFR
677C>T (67% heterozygous, 33% homozygous).'> They
concluded that the prevalence of FV Leiden and MTHFR
677C>T was elevated in the Jordanian population; how-
ever, the incidence of the 20210G>A variant was relatively
low." Considering the larger number of subjects (300 vs
200) and different proportion of females to males (56.8%
vs 40%) in our study, both results are comparable, as
shown in Table 1. Anther study from Jordan estimated
that the frequency of FJV Leiden, prothrombin
20210G>A, and MTHFR 677C>T mutations in Jordanian
25.7%, 6%, and 31.7%,
respectively.”’ Unfortunately, we could not compare our

thrombotic patients was
results to this study, due to differences in the study popu-
lations (healthy subjects vs patients). We were unable to
find any studies on PAI-I genetic polymorphisms among
the Jordanian population.

Sex Variations

Males and females are thought to significantly differ at the
cellular and molecular levels, with sex differences reported
in platelet function and coagulation-factor activities.”' In
this study, we observed that females had higher prevalence
of thrombophilia genetic polymorphisms than males
(Table 1). Hormones, such as progesterone and testoster-
one, may also play a part in mediating sex differences in
thrombosis, although the evidence for this is extremely
limited.”'

Limitations

Self-reported history was the only source of data to
exclude participants from the study. Some venous throm-
bosis and atherosclerotic diseases could have been asymp-
tomatic and discovered incidentally. Participants who were
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relatives on the paternal side were excluded from the
study; however, they were not verified on the maternal
side. As we screened young healthy subjects, thrombophi-
lia-related diseases may still develop, as these are much
more prevalent in later ages.

Perspectives

Our results indicate factors that need further investigation,
eg, the effect of the high prevalence found for the studied
thrombophilia genetic variants in Jordans compared to
other populations regarding thrombophilia-related disor-
ders. Very high prevalence of the MTHFR variant, which
is strongly related to cardiovascular and peripheral arterial
diseases, could explain the observed high prevalence of
these diseases among Jordanians, especially at young ages.
We observed variations in the age distributions of these
genetic variants, which could be related to environmental
factors that can cause genetic variants.

Conclusion

Three-quarters of this healthy Jordanian population had at
least one of the thrombophilia genetic variants, and most had
more than one. The most common variant detected was
associated withMTHFR, followed by PAI-I, II, and then FV.
Females had higher prevalence estimates than males.
However, the multiplicity among males was significantly
higher than females. Our findings indicated noticeable differ-
ences in prevalence estimates compared to other populations.
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