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Abstract: Hormonal contraceptives are commonly used by women of reproductive age and may be
associated with an increased risk of thromboembolism. Any rise in the relative risk of venous
thromboembolism related to specific contraceptive formulations could lead to a notably elevated
absolute risk. This study seeks to evaluate the potential role of Factor V Leiden (FVL) and
Prothrombin G20210A mutations as risk factors for thromboembolism in users of hormonal
contraceptives in Benin City. The study population consisted of 50 non-contraceptive users, 50 non-
hormonal contraceptive users, 50 progestin-only contraceptive users, and 50 combined oral
contraceptive users recruited from Family Planning Clinics in Benin City. Each participant
provided aseptically collected venous blood, with 5.0 mL collected in total. 0.5 mL was placed in a
container containing 3.1% tri-sodium citrate anticoagulant for the manual determination of
Prothrombin time (PT) and activated partial thromboplastin time (APTT). Additionally, 0.5 mL of
venous blood was dispensed into a plain container with 0.25 mL DNA-RNA shield solution for the
detection of Factor V Leiden and Prothrombin 20210A gene mutations using PCR Duplex
Prothrombin 20210 and Factor V. Data analysis was conducted using the statistical package for
social sciences (SPSS) version 17.0 software. The findings revealed that the overall mutation
carriage rate (AA and AG) for the Prothrombin 20210A gene (5%) was more prevalent than FVL
(3%) among the subjects. Furthermore, the mean PT and APTT (in seconds) were significantly
lower (p<0.001) among women using combined hormonal contraceptives. These findings suggest a
potential association between the presence of FVL and Fll genes mutations and thromboembolism
among Nigerian women using hormonal contraceptives.
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INTRODUCTION

Although the prevalence is low, thromboembolism has been
linked with the extensive utilization of oral contraceptives
among reproductive-age women in our environment and if the
relative risk of venous thromboembolism were to increase for
some forms of contraception, it may lead to a substantial rise in
the absolute risk (Dragoman et al., 2018). In terms of public
health, both consumers and policymakers will benefit from
molecular identification of such risk variables. Although venous
thromboembolism (VTE) is uncommon in healthy reproductive-
age women (about 5-10 events per 10,000 women-years), a
study found that combined oral contraceptive usage has been
reported to intensify the risk for VTE such as deep venous
thrombosis and pulmonary embolism (Dragoman et al., 2018).
Women utilizing a combination oral contraceptive with different
types of progestogens exhibit a distinct susceptibility to venous
thromboembolism (VTE), a risk previously attributed solely to
the impact of estrogen on hemostatic factors (Dragoman et al.,
2018).

Contraceptives refer to any method, including medication and
devices, that may prevent an unintended pregnancy. Hormonal
contraceptives usually contain one or more artificial female sex
hormones; hormonal oral contraceptives that comprise both
estrogen and progestin are termed combined hormonal
contraceptives (CHCs) while those that have just progestin are
named progestin-only contraceptives (POC) (Reid et al., 2011).
Hormonal contraceptives are obtainable as injections, patches,
implants, vaginal rings, pills (oral contraceptives), and
intrauterine devices (Reid et al., 2011). These hormonal
contraceptives have been linked with numerous side effects such
as appetite changes, vaginal discharge, acne, breast soreness,

fluctuations in menstrual flow, pain or spotting in between
periods, inflammation of the gums, constipation or diarrhoea,
mood fluctuations, hair development in uncommon places,
headaches development of brown or black patches on the skin,
nausea, stomach swelling, weight increase or reduction, blurred
vision, cardiovascular diseases, cancers, leg enlargement or
pain, and high chance of developing blood clots (Thrombosis)
(Reid et al., 2011).

Multiple studies have shown that thromboembolism is more
likely to occur in women who take combined hormonal
contraceptives (CHCs), regardless of the mode of administration
(Vinogradova et al., 2015). They increase the susceptibility to
VTE by 2-3 times in comparison with non-users, however the
overall susceptibility to VTE remains modest, notably for
individuals without additional risk factors (Van Hylckama Vlieg
et al., 2009). Thromboembolisms in women of reproductive age
occur predominantly among women on hormonal contraception
(Hugon-Rodin et al., 2014; Lidegaard, 2014). Multiple reports
have documented a higher possibility of thromboembolism with
combination oral contraceptives (COCs), notably those who
include the progestin desogestrel, while also outlining the
potential risks connected to the factor V' Leiden mutation (Jick et
al., 1995).

Factor V Leiden is a hereditary condition acknowledged as a
fundamental contributor to Anti Protein C (APC) resistance.
This mutation includes the replacement of arginine with
glutamine at amino acid 506 (factor V Arg506 GIn or factor V
Leiden) (G-to-A) at nucleotide 1691 in exon 10, which leads to
the creation of a faulty factor V molecule (FVL), which is
resistant to cleavage by APC (Van Vlijmen et al., 2016).
Meanwhile, Prothrombin gene mutation is a blood clotting
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condition causing the human body to produce too much
Prothrombin hence making them susceptible to blood clot. A
hereditary risk factor for thrombosis has been recognized in the
form of sequence variation involving a G-to-A mutation at
position 20,210 of the Prothrombin gene. This variation is
associated with a 2-4 fold increased susceptibility to
thromboembolic disease (Van Vlijmen et al., 2016).

Most bearers of the mutations do not immediately produce
clinical indications, but stay asymptomatic. However, when

MATERIALS AND METHODS

Study Design and Population

This cross-sectional study was carried out among women
attending the Family Planning Clinics at Faith Mediplex
Hospital, Central Hospital, and the Planned Parenthood
Federation of Nigeria (PPFN) in Oredo Local Government Area,
Benin City, Edo State. The focus was on women utilizing
hormonal contraceptives.

The study population was 200 apparently healthy female
subjects who consisted of 50 non-contraceptive users (control,
group A), 50 non-hormonal contraceptives users (group B), 50
progestin-only contraceptives users (group C), and 50 combined
oral contraceptives users (group D). The subjects were of
reproductive age between 18 years to 45 years. The socio-
demographic data were obtained using semi structured
questionnaires.

Inclusion and Exclusion criteria

Female of reproductive age between 18 years to 45 years on
contraceptives without chronic illness were recruited for the
study. Hospitalized patients, surgical patients and pregnant
women or those with chronic illnesses were excluded.

Ethical Consideration

Permission to carry out the research was authorized by the
Ethics Committee on Human Subjects at the Edo State Ministry
of Health in Benin City (Reference Number: HA.737/50, issued
on 2nd March 2021). Prior to their inclusion in the study,
informed consent for participation was obtained from each
participant.

Method

Upon completion of the questionnaire and obtaining consent for
the research, we collected 5.0 mL of venous blood from each
individual using sterile procedures. This blood was gently mixed
in a plain tube with 3.1% trisodium citrate anticoagulant (0.5
mL). Following a 15-minute centrifugation at 3000 rpm, the
citrated plasma was transferred to another tube for prothrombin
time (PT) and activated partial thromboplastin time (APTT)
testing. Simultaneously, 0.5 mL of venous blood was placed into
a plain sample tube containing 0.25 mL of DNA-RNA shield
solution. Multiplex allele-specific PCR amplification was used
for the molecular identification of Factor V Leiden and
Prothrombin 20210 A gene mutation. The materials were stored
at room temperature until the molecular analysis was completed.

Estimation of Prothrombin Time

The prothrombin time was conducted by transferring 0.1ml of
the citrated plasma samples into a glass test tube, followed by an
incubation in a water bath set at 37°C for 2 minutes.
Subsequently, 0.2ml of the thromboplastin/calcium chloride
reagent (BIOLABO Diagnostics, Maizy, France), pre-warmed,
was introduced into the test tube using an automatic pipette.
Simultaneously, the stopwatch was initiated while gently
moving the tube back and forth within the water bath. The
stopwatch was stopped upon the initial detection of clot
formation, and the result was recorded in seconds.

Estimation of Activated Partial Thromboplastin Time
(APTT)

A mixture with a 1:9 ratio of anticoagulant to blood was
prepared in a plain container and centrifuged for fifteen (15)
minutes at 30009 using the bucket centrifuge to obtain platelet-
poor plasma. Subsequently, 0.1 milliliters of the obtained
plasma was transferred into a clean and dry tube. A 0.1ml
aliquot of pre-warmed kaolin/platelet substitute (BIOLABO

subjected to any extra risk factors that cause stasis, such as oral
contraceptives usage, or hormone replacement treatment, or
other abnormalities of the artery wall, thromboembolism
develops. The risk of experiencing thrombotic events is greatly
elevated and could manifest clinically. This research intends to
investigate Factor VV Leiden (FVL) and ProthrombinG20210A
mutations as risk factors for thromboembolism among users of
hormonal contraceptives in Benin City.

Diagnostics, Maizy, France) was then introduced into the test
tube and incubated at 37°C for two (2) minutes. The sample
underwent re-calcification with 0.1ml of 0.025M calcium
chloride, and a stopwatch was immediately started while tilting
the tube back and forth to observe clot formation. The stopwatch
was halted upon the initial detection of clot formation, and the
result was recorded in seconds.

Assay of Factor V Leiden and Prothrombin 20210A

DNA Isolation

Zymo research's Zymo Blood DNA extraction kit was used to
obtain total genomic DNA. In a ZR Bashing BeadTM lysis tube,
precisely 200 pL of blood sample was introduced. The sample
was then mixed with around 750 uL of buffer. A five-minute
vortex was performed on the resultant solution, followed by a
one-minute centrifugation at 10,000x g. A Zymo-Spin™ IIF
filter was filled with around 400 uL of supernatant, and the tube
was centrifuged at 8,000 x g for one minute. The filtrate in the
collection tube was then mixed with 1200uL of Genomic lysis
buffer. 800pL of this mixture was then transferred to a Zymo-
Spin™ IICR column in a collection tube and centrifuged at
10,000 x g for a duration of one minute. The Zymo-Spin™ IICR
column was filled with 200uL of DNA pre wash buffer in a
fresh collection tube, and the flow through was disposed of. The
mixture was then centrifuged at 10,000 x g for a duration of one
minute. To extract the DNA, 100pL of DNA elution buffer was
added to the column matrix of the Zymo-SpinTM IICR column,
and it was centrifuged at 10,000 x g for 30 seconds after being
moved to a clean 1.5 mL micro centrifuge tube. Following the
addition of 600uL of Prep solution to a clean collection tube
containing the Zymo-Spin™ II-HRC filter, the tube was
centrifuged at 8,000 x g for three minutes. Subsequently, the
eluted DNA was moved to a Zymo-Spin™ 1I-HRC filter and
centrifuged at 13,000 x g for three minutes in a clean 1.5 mL
micro centrifuge tube. For PCR application, the filtered DNA
was used. Using absorbance measurements at 260 and 280 nm,
the concentration and purity of the DNA were determined. The
extracted DNA was kept in —200C for next stage of the test.

Primer design

The primers employed in this study were crafted using the web-
based PRIMER program (version 3.0) available at
http://workbench.sdsc.edu. To assess primer specificity, the
"BLAST" program at http://www.nchi.nlm.nih.gov/blast was
utilized.

Primers used for the identification of the factor V Leiden
mutation, as described by Blasczyk et al. (1996): Sense primer:
5' CTT TCA GGC AGG AACAAC ACC 3', Antisense primer:
5" GGA CAA AAT ACC TGTATT GCT C 3' and Antisense
primer for mutated gene amplification: 5° TGG ACA AAA
TACCTG TAT ACCTT 3.

For the prothrombin variant identification, the sense primer (5'
TCC GCC AGT GGA AGA TA) reported by Poort et al. (1996)
was used. Additionally, new primers were designed to detect the
prothrombin gene mutation (20210 G/A base change), differing
only in the last nucleotide: Mutated gene primer: 5' CCA ATA
AAA GTG ACT CTC AGC A 3', Physiological prothrombin
gene primer: 5' CCA ATA AAA GTG ACT CTCAGC G3".

PCR conditions for factor V and Prothrombin Variant PCR
A PCR mixture with a final volume of 20uL was prepared,
comprising 100 ng of genomic DNA, 60 mM Tris HCI
(pH=8.8), 15 mM ammonium sulfate, 3.5 mM MgCI2, 0.2 mM
of each dNTP, 1 pmol of the specific prothrombin primer, and 3
pmol of the factor V Leiden primer. The amplification process
was conducted using the Eppendorf Mastercycler AG22331
(Hamburg, Germany).
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The initial denaturation step at 94 °C for 3 minutes was followed
by 35 cycles of amplification. Each cycle included denaturation
at 94 °C for 30 seconds, annealing at 57 °C for 30 seconds, and
elongation at 72 °C for 30 seconds. The amplification concluded
with a final extension at 72 °C for 10 minutes. By employing the
method outlined by Poort et al. (1996), Hind Il digestion was
carried out and the prothrombin variant was detected by PCR.

Gel Electrophoresis

The product from the polymerase chain reaction was subjected
to analysis through electrophoresis. This process occurred in a
0.1% agarose gel immersed in a solution of 0.5 x TBE buffer
(which comprised of 2.6 g Tris base, 5 g Tris boric acid, and 2
ml of 0.5M EDTA, adjusted to pH 8.3 with sodium hydroxide
pellets) and 3 ul of EZ-vision (VWR Life Science).
Subsequently, the resulting bands representing the expression
products were observed using a Blue-light-transilluminatorTm
(Bluebox, USA).

Data Analysis

Data analysis was done using Statistical Package for Social
Sciences (SPSS) programme, the collected data were arranged
into tables, and analysed. A p-value less than 0.05 was
considered significant.

RESULTS

Table 1 shows the the overall rate of mutation carriage (AA and
AG) among the 150 women on contraceptives for Prothrombin
20210A and FVL gene mutants to be 12%, while 88% had
homozygous wild genotype. Of the 18/150 (12%) with mutant
genotypes, 15(10%) had genotype GA while 3(2%) had
genotype AA. The variation in the frequencies of the genotypes
was statistically significant (p<0.001).

Table 1: Frequency of combined genotypes of Prothrombin 20210A and FVL among
the Study Subjects compared using Chi square

Genotype Subjects on Percentage (%) P-Value
Contraceptives

GG 132 88

GA 15 10 0.001

AA 3 2

GG= Homozygous wild type
GA= Heterozygous mutant

AA Homozygous mutant

P <0.001=extremely significant

Table 2 shows the Odd of causing thromboembolic risk among
those with mutant genes was 29.20 (Cl: 13.2, 38.6). Also, the
frequency of Prothrombin 20210A mutant gene (8%) was higher
than FVL (4%) among women on contraceptives. The PT and
APTT of those with mutant genes were lower than those without
mutation (p<0.001).

Table 2: The Prothrombin Time and Activated Partial Thromboplastin Time of
subjects with Mutant Genes Compared with those without Mutant Genes on
Contraceptives

Variables Mutant Genes Non-Mutant P-Value

(GA +AA) Genes

n=18 (GG Wild type)

n=132

Prothrombin Time 14.2+0.2 16.3+0.3 0.001
(Seconds)
Partial ~ Thromboplastin 30.1+0.2 36.2+0.4 0.001
Time (Seconds)
Odd Ratio (CI, 95%) 29.20(13.2, 38.6)

GG= homozygous wild type
GA=heterozygous

AA= homozygous mutant

OR= Odds Ratio

CI= Confidence Intervals

P <0.001=extremely significant

Figure 2 shows the expression of genes as represented by the gel
electrophoresis picture, and internal control (Beta {} actin) of
mRNA expression of Factor V Leiden of contraceptive naive
subjects (controls) (group A), non-hormonal contraceptive
subjects (NHC) (group B), progestin-only contraceptive subjects
(POC) (group C) and combined hormonal contraceptive subjects
(CHC) (group D) represented on different bars of the bar chart.
The result showed that mRNA FV Leiden expression was
significantly higher (p<0.05) in group C and D than group A
subjects and comparison between group B and C was also
statistically significantly higher (p<0.05). Factor V Leiden

mRNA was however highly expressed among subjects on
progestin-only  than subjects on combined hormonal
contraceptives, those on non-hormonal contraceptive and control
subjects.

Figure 4 shows the expression of genes as represented by the gel
electrophoresis picture, and internal control (Beta {} actin) of
mRNA expression of Prothrombin 20210A of contraceptive
naive subjects (controls) (group A), non-hormonal contraceptive
subjects (NHC) (group B), progestin- only contraceptive
subjects (POC) (group C) and combined hormonal contraceptive
subjects (CHC) (group D) represented on the bar chart. The
result showed that mMRNA Prothrombin 20120A expression was
significantly higher (p<0.05) in group D than subjects in groups
A, B and C. Similarly, subjects on non-hormonal contraceptives
(group B) was significantly higher than those on progestin-only
contraceptives (p<0.05).

Figure 1: Shows the application of FVL; mutant A alleles in Lane 1,3,5, while Lane
2,4,6 indicate positive bands(152bp), and negative bands in Lane 1,6(G/G) wild
genotype, while G/A genotype in lanes 3,4, A/A mutant genotype in Lane 5,6. M
refers to molecular marker (band size 250 bps).

Contraceptive Naive
(Group A)
Non-hormonal
EA Contraceptive
(Group B)
B3 Progestin Only (Group C)
Combined
Hormonall
Contraceptive
(Group D)

Normalized Relative expression
Factor V Leiden

Figure 3: shows Prothrombin G20210A mutant alleles (lanes 1,3,5) and normal G
alleles (lanes 2,4,6). Lanes 1,3,4,6 with negative bands in Lane 2. Lane 5(A/A) mutant
genotype in Lanes 1,2, and G/A in lanes 3,4. G/G wild type in Lanes 5,6. Again, M
indicates molecular marker. Band size 250bps.
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Figure 4: mMRNA Expression of Prothrombin G20120A among the Studied Participant

DISCUSSION

Factor V Leiden (FVL) and the prothrombin 20210A mutation
are the prevailing genetic polymorphisms that make individuals
more susceptible to venous thromboembolism (VTE). Poort et
al. (1996) first identified the Prothrombin 20210A mutation,
which is a single nucleotide change of adenine for guanine in the
3"-untranslated region of the gene. Higher prothrombin levels
have been reported in people with the Prothrombin 2021A gene
mutation (Chudej and Plamenova, 2016). Additionally, the level
of prothrombin itself raises the risk of thrombosis. According to
the original study by Poort et al. (1996), the mutation was
identified in 18.3% of individuals with a familial or previous
occurrence of VTE, 6.2% of participants undergoing their initial
VTE episode, and 2.3% of individuals in the control group.
Research indicates that women with the prothrombin 20210A
mutation who make use oral contraceptives are more prone to a
higher risk of developing VTE (Chudej and Plamenova, 2016).
Although the use of contraceptives is common among Nigerians
in Benin City, it is unclear if such a mutation exists in our case.
Congenital thrombophilia and venous thromboembolism have
been found to bebetween 24 and 37% in the Caucasian
population. However, in patients with congenital thrombophilia,
thrombosis can frequently be brought on by external factors,
which can disrupt the labile haemostatic balance and trigger a
never-ending cycle of thromboembolic complications.
Conversely, it has been shown that smoking, cardiovascular
disease, and the use of contraceptives are risk factors related
with acquired thrombophilia. It has also been noted that
spontaneous thrombosis is uncommon in the general population
(Chudej and Plamenova, 2016).

Predicting thrombotic events remains challenging, despite a
strong correlation observed between the prothrombin G20210A
mutation and an increased likelihood of thrombosis in the
presence of certain risk factors, such as the utilization of
combined hormonal contraceptives (Momot et al., 2019).

In this research, it was discovered that in the combined
genotypes of Prothrombin G20210A and FVL among the people
on contraceptives, the homozygous wild type (GG) had a higher
frequency compared to the heterozygous mutant (GA) and
homozygous mutant (AA). This result is in agreement with that
published in research among Saudi women with recurring
pregnancy loss, where the researchers noticed that the overall
carriage rate of mutation (AA and AG) for Prothrombin
G2021A was higher in individuals compared to FVL (Gawish
and Al-Khamees, 2013).

Prothrombin time and Activated Partial Thromboplastin time
were lower in participants with mutant gene carriage (GA+ AA)
on contraceptives than in the non-mutant (GG wild type), and
the differences were significant (p<0.001). This may be
symptomatic of an increased susceptibility to hypercoagulable
condition. This is consistent with recent research showing
patients are at an elevated risk of thrombosis if their PT and

APTT values are shortened (abnormal) (Korte et al., 2000; Lowe
et al., 2000). According to Momot et al. (2019), the incidence of
VTE might be nine times higher than in wild type FVL G1691G
persons when additional risk factors such pregnancy and/or the
use of combined hormonal contraceptives are present. While a
few researchers have noted that shorter PT and APTT are
thought to pose potential risks for the development of VTE,
recent studies indicate that there is no correlation between
reduced PT and APTT and the occurrence of thromboembolic
events. The researchers observed that the APTT and PT may be
shortened by increased quantities of any of the blood clotting
factors, including fibrinogen, factors II, VIII, IX, XI, VII, and
patients' clinical characteristics (Shervinrad et al., 2019).
According to Shervinrad et al. (2019), it was determined that
patient follow-up is essential in order to characterise the natural
history of those with shorter PT and APTT.

Factor V Leiden is a genetic mutation that causes thrombophilia,
a heightened tendency to generate abnormal blood clots that can
obstruct blood vessels. Those with the Factor V Leiden mutation
face an elevated risk of experiencing deep venous thrombosis. In
contrast, another research discovered that within a group of 500
apparently healthy persons who had the FV Leiden G1691A
mutation, there was no increase in the incidence of thrombosis
when compared to normal zygote individuals (Momot et al.,
2019). This research found that the FV Leiden gene was more
expressed in progestin-only and combined oral contraceptive
participants compared to contraceptive naive ones. This may
indicate an increased predisposition to hypercoagulability in
these hormonal contraception users. This is consistent with
recent research (Ahmed et al., 2022). Previous research
(Vandenbroucke et al., 1994; Martinelli et al., 1999; Cushman et
al., 2004; Hugon-Rodin et al., 2018) have shown that people
using combined oral contraceptives had higher mMRNA
expression of the FV Leiden mutant gene than those using
progestin-only and non-hormonal contraceptives. The existence
of a mutation in the Factor V Leiden gene has been linked to
resistance against activated protein C, leading to an elevated
susceptibility to thrombosis. This current research also found
that the FV Leiden gene was more expressed in progestin-only
participants than in non-hormonal contraceptive users,
suggesting that progestin-only contraception could potentially
increase the risk of VTE among some Nigerians.

The presence of the Prothrombin G20210A mutation is a
recognized genetic risk factor for thrombosis. The Prothrombin
G20210A mutation raises the clotting factor Prothrombin levels
in carriers' blood, increasing their susceptibility to clotting
(hypercoagulability). This research also looked at the thrombotic
risk related with hormonal contraception usage and Prothrombin
G20210A. All comparisons demonstrated that mMRNA
Prothrombin 20120A expression was greater in combined oral
contraceptive participants compared to contraceptive naive
subjects. This might indicate that these people using
combined oral  contraceptives are more prone to
hypercoagulability. This result was consistent with prior
research (Martinelli et al., 1999), but differed with a study by
Ahmed et al., (2022), which found no significant difference
between patients using combined oral contraceptives and
controls.

It is known that pregnancy and COC cause a rise in Prothrombin
activity within blood plasma. The rise in Prothrombin G20210A
mutation among oral contraception users is likely to appear as
thrombosis. Some scientists have estimated that the significant
cutoff value of Prothrombin activity is 174.8% or above, which
may predict thrombosis in 90.4% of instances (Momot et al.,
2019).

CONCLUSION

Data from this study have indicate that Factor V Leiden mutant
gene was mostly expressed in subjects on progestin only
contraceptive and combined oral contraceptive, while
prothrombin 2021A gene mutant was mostly expressed among
women on combined-oral contraceptive and non-hormonal
contraceptive. There may be an association between the
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presence of FVL and FIl genes mutation and thromboembolism
among Nigerian women on hormonal contraceptives. It will be
of public health importance to evaluate potential users of
hormonal contraceptives to enable the identification of those at
risk of thromboembolism.
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