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Abstract

Aim: To investigate the effect of factor V Leiden mutation on neonatal and maternal
morbidity and mortality in hypertensive pregnant groups.
Materials and Methods: The study was carried out as a prospective case-controlled
study with 108 pregnant women who applied to the Gynecology and Obstetrics Outpatient
Clinic of Karadeniz Technical University, Faculty of Medicine within 2 years. Patients were
divided into four groups: mild preeclampsia (n=20), severe preeclampsia (n=54), chronic
hypertension (n=14), and normal pregnant women as a control group (n=20). Since su-
perimposed preeclampsia (n=6), eclampsia (n=23), and HELLP syndrome (n=27) are
variants of severe preeclampsia, these patients were included in the severe preeclampsia
group. The clinical study aimed at investigating whether FVL mutation has any signif-
icant correlation with neonatal morbidity (IUGR, 1st and 5th minute < 7 Apgar score),
intrauterine fetal death, neonatal mortality, maternal morbidity (ablatio placenta, deep
vein thrombosis, intracranial hemorrhage, cesarean section rate) and mortality risk in
hypertensive pregnant women.
Results: Factor V Leiden mutation was most common in the severe preeclampsia group.
Maternal and neonatal outcomes of pregnant women with and without FVL mutations
were similar in all study groups (p > 0.05).
Conclusion: Although FVL mutation was more common than usual in severe preeclamp-
tic pregnant women, it did not affect maternal and neonatal outcomes. Prospective studies
with larger patient populations investigating the effects of FVL mutation in preeclampsia
are needed.

Copyright © 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Hypertension occurs in 6-20% of all pregnancies [1]. Co-
morbid diseases of hypertension (preeclampsia, eclampsia,
and chronic hypertension) observed in pregnancy are the
second most important cause of maternal mortality after
embolism and the mortality rate is approximately 15%.
These patients may have potentially fatal complications
such as HELLP syndrome, ablatio placenta, disseminated
intravascular coagulation (DIC), venous thrombosis, brain
hemorrhages, liver and kidney failure, and increased ce-
sarean section (C/S) rates [2]. In cases where the dis-
ease is severe, intrauterine fetal death may occur. Due to
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prematurity, it can lead to neonatal mortality and mor-
bidity (necrotizing enterocolitis (NEC), intraventricular
hemorrhage (IVH), respiratory distress syndrome (RDS),
intrauterine growth retardation (IUGR) and low Apgar
score) [3].

Factor V Leiden (FVL) mutation has an autosomal dom-
inant transmission and is the most common cause of pri-
mary and recurrent venous thromboembolism in preg-
nancy. It leads to the development of resistance to active
protein C (APC), increasing the tendency to thrombosis.
The FVL mutation prevalence was found to be high in
women with a history of venous thromboembolism during
pregnancy and postpartum period [4]. In addition, due
to increased thrombotic risk, the incidence of pregnancy
complications such as severe and early onset preeclamp-
sia, recurrent pregnancy losses, intrauterine growth retar-
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dation and ablatio placenta are high in individuals with
FVL mutation [5]. There are reports indicating that the
pregnant women with early onset and severe preeclampsia
should be screened for FVL mutation, protein C, protein S
deficiency and antiphospholipid antibody [6,7]. However,
there are also some studies with opposite conclusions [8,9].
The aim of the present study was to investigate whether
FVL mutation is associated with neonatal morbidity
(IUGR, 1st and 5th minute < 7 Apgar score), intrauterine
fetal death, neonatal mortality, maternal morbidity (ab-
latio placenta, deep vein thrombosis, intracranial hemor-
rhage, cesarean section rate) and mortality risk in hyper-
tensive pregnant women.

Materials and Methods

The study was carried out as a prospective case-controlled
study and included 108 pregnant women who applied to
the outpatient clinic of the Department of Obstetrics and
Gynecology within 2 years and who met the study crite-
ria. The study was approved by the Ethics Committee of
Karadeniz Technical University, Faculty of Medicine (No:
2003/38, Date: 15.05.2003). Oral and written consents
of patients between the ages of 16 and 44 were obtained.
The pregnant women included in the study were divided
into four groups: mild preeclampsia, severe preeclamp-
sia, chronic hypertension and normal pregnancy as control.
Since superimposed preeclampsia, eclampsia and HELLP
syndrome are variants of severe preeclampsia, these pa-
tients were included in the severe preeclampsia group. The
definitions in the groups were made based on the classifi-
cation made by the American National High Blood Pres-
sure Education Program, High Blood Pressure in Preg-
nancy Working Group in their 2000 report [10]. Pregnant
women were divided into 4 groups based on the severity
of hypertensive disease and these definitions. Information
about age, gravida, parity, obstetric history and systemic
diseases of all pregnant women were recorded. Blood pres-
sure measurement was recorded [3]. AST, ALT, LDH
(IU/L) values, bilirubin (mg/dL), platelet (x103/mm³)
measurements, creatinine (mg/dL) and Hb (g/dL) levels,
proteinuria (more than 300 mg in 24-hour urine) levels
were studied and recorded. Fetal ultrasonography mea-
surements were made and recorded. All pregnant women
diagnosed with severe preeclampsia were hospitalized and
followed up until birth. All pregnant women delivered in
our hospital, and newborns were evaluated in our neona-
tal unit in terms of gestational week, birth weights, the
first and fifth minute < 7 Apgar scores. Those with a his-
tory of diabetes, Cushing’s syndrome, lupus, renal disease,
those with a history of venous thrombosis in themselves
or family, those with known thrombophilia disease (pro-
tein C-S deficiency, antithrombin III deficiency, MTHFR
carriership, prothrombin II deficiency) and smokers were
not included in the study. In addition, pregnant women
who were under 20 weeks, who had twin pregnancies, ma-
jor fetal anomaly, and abortus, stillbirth, preeclampsia
and HELLP syndrome in their obstetric history were ex-
cluded. In all cases, presence of IUGR was determined
based on gestational age through making measurements
by ultrasonography and examining the percentile charts
after birth. The IUGR diagnosis was calculated according

to the 10th percentile value of the weight in that gesta-
tional age. After the 20th gestational week, intrauterine
fetal death diagnosis was made when fetal cardiac activ-
ity was absent based on ultrasonography. Infant mortality
within seven days of birth was considered as early neonatal
mortality [11]. Ablatio placenta diagnosis was made clin-
ically and with ultrasonography using the pre- and post-
natal findings. Venous thrombosis and cesarean deliveries
were recorded in all pregnant women. Intracranial bleed-
ing findings were recorded by taking computed tomogra-
phy and/or magnetic resonance imaging (MRI) in patients
who had convulsions. Maternal mortality was defined as
deaths during pregnancy or within 42 days of birth ir-
respective of the time and localization of pregnancy due
to a pregnancy-related or pregnancy-aggravated disease or
during the treatment of such a disease [12].
Two ml venous blood was taken from each patient, FVL
gene mutation was detected by Light Cycler PCR (poly-
merase chain reaction) method [13]. The results were ob-
tained as negative, heterozygous and homozygous. Het-
erozygous and homozygous results were considered posi-
tive.
In this study, an evaluation was made considering the
checklist in The Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE 2007) guidelines
for reporting observational studies [14].

Statistical analysis
Descriptive statistics of quantitative data were summa-
rized using mean and standard deviation for continuous
variables and frequency counts and percentages for quali-
tative data. Normality of distribution was assessed using
Kolmogorov-Smirnov test. Contingency tables and chi-
square tests were used for comparison of categorical vari-
ables.
For normally distributed quantitative data, differences
between groups were assessed using the Kruskal-Wallis
test (a nonparametric analysis of variance) and post-hoc
Mann-Whitney U tests for pairwise comparisons. For
non-normally distributed quantitative data, the Mann-
Whitney U test was used. Spearman’s rank correlation
coefficient was used to investigate the correlation between
variables.
All statistical tests were two-sided and a p value of less
than 0.05 was considered statistically significant. Analy-
ses were performed using SPSS 11.5 (Statistical Package
for Social Sciences, Licensed by Karadeniz Technical Uni-
versity).
Experimental (post hoc; retrospective; posterior) power
analysis was performed in the study to justify the sam-
ple size. With alpha (the probability of a Type I error)=
0.05 significance level and w=0.3 effect size, the power of
the study (1-β) was calculated as 0.80. The power of the
sample was calculated in the G*Power 3.1.9.7 program en-
vironment.

Results
The study group included a total of 108 patients. Char-
acteristics of patient groups are given in (Table 1). Sys-
tolic and diastolic TA were higher in the severe preeclamp-
sia group than in the other groups (Table 1). AST,
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Table 1. Characteristics of different pregnancy groups.

Data is given as mean ± standard deviation and %. AST: Aspartate transferase, LDH: Lactic dehydrogenase, Hb: Hemoglobin, ALT: Alanine transferase.

pa: Comparison between normal pregnancy and mild preeclampsia groups; pb: Comparison between normal pregnancy and severe preeclampsia groups

pc: Comparison between normal pregnancy and chronic hypertension groups; pd: Comparison between mild preeclampsia and severe preeclampsia groups

pe: Comparison between mild preeclampsia and chronic hypertension groups; pf : Comparison between severe preeclampsia and chronic hypertension
groups.

Table 2. Factor V Leiden mutation frequencies in pregnancy groups.

Factor V Leiden Normal pregnancy Mild preeclampsia Severe preeclampsia Chronic hypertension P

(n: 20) (n: 20) (n: 54) (n: 14) pa, pb, pc, pd, pe, pf

Heterozygous (n, %) 1 (5%) 2 (10%) 6 (11%) 1 (7%) >0.05

Homozygous (n, %) – – – >0.05

Negative (n, %) 19 (95%) 18 (90%) 47 (87%) 13 (93%) >0.05

Data is given as mean ± standard deviation and %.

pa: Comparison between normal pregnancy and mild preeclampsia groups; pb: Comparison between normal pregnancy and severe preeclampsia groups

pc: Comparison between normal pregnancy and chronic hypertension groups; pd: Comparison between mild preeclampsia and severe preeclampsia groups

pe: Comparison between mild preeclampsia and chronic hypertension groups; pf: Comparison between severe preeclampsia and chronic hypertension
groups.

ALT, bilirubin, LDH, and creatinine levels were elevated
in the severe preeclampsia group, whereas they were nor-
mal in the other groups (Table 1). The highest decrease
in platelet count was detected in the severe preeclampsia
group (Table 1). The nulliparity rate was found to be
lowest in the chronic hypertension group (Table 1).
FVL mutation was detected in 11 of 108 patients (10%)
(Table 2). Although the frequency of FVL mutation was
highest in the preeclampsia group, there was no signifi-
cant difference in FVL mutation frequency based on het-
erozygosity or homozygosity between the groups (p>0.05)
(Table 2).
In terms of gestational weeks at birth, birth weight, the
first- and fifth-minute Apgar scores (<7), IUGR rates,

stillbirth and early neonatal mortality frequency, C/S
rates, ablatio placenta, intracranial hemorrhage (ICH) and
maternal mortality rates did not significantly differ be-
tween pregnant women with and without FVL mutation
in normal pregnancy, mild preeclampsia, severe preeclamp-
sia, and chronic hypertension groups (p>0.05) (Table 3).
In hypertensive group, FVL mutations did not have sig-
nificant correlations with birth weight, the first- and fifth-
minute Apgar score <7, IUGR, stillbirth, early neonatal
mortality, C/S frequency, ablatio placenta, ICH rates, and
maternal mortality variables (p>0.05), p>0.05), p>0.05,
p>0.05, p>0.05, p>0.05, p>0.05 , p>0.05 , p>0.05 , re-
spectively) (Table 4).
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Table 3. Effect of FVL mutation on neonatal and maternal morbidity and mortality in different pregnancy groups.

Normal pregnancy Mild preeclampsia Severe preeclampsia Chronic hypertension

(n: 20) (n: 20) (n: 54) (n: 14)

FVL (+) FVL (–) FVL (+) FVL (–) FVL (+) FVL (–) FVL (+) FVL (–)

(n: 1) (n: 19) (n: 2) (n: 18) (n: 7) (n: 47) (n: 1) (n: 13)

Gestational period at birth (weeks) 38±0 38±1 34±5 34±4 31±5 33±4 29±0 34±4

Birth weight (g) 4200±0 3194±350 2000±1400 2266±1154 1264±600 1589±784 1040±0 2525±851

Apgar 1 (<7), (%) 0 0 50 33 86 55 39 100

Apgar 5 (<7), (%) 0 0 0 0 29 30 8 0

IUGR (%) 0 0 0 39 28 34 100 92

Stillbirth (%) 0 0 0 0 15 0 0 8

Early neonatal mortality 0 0 0 6 29 23 0 0

C/S (%) 0 37 100 89 86 72 100 39

Ablatio placenta (%) 0 0 0 0 0 13 0 0

ICH 0 0 0 0 0 9 0 0

Maternal mortality (%) 0 0 0 0 14 0 0 0

Data is given as mean ± standard deviation and %. FVL: Factor V Leiden IUGR: intrauterine growth retardation C/S: C section ICH: Intracranial hemorrhage.

Table 4. Correlation of FVL mutation with neonatal and maternal morbidity and mortality in different pregnancy
groups.

Normal pregnancy Mild preeclampsia Severe preeclampsia Chronic hypertension

(n: 20) (n: 20) (n: 54) (n: 14)

r p r p r p r p

Birth weight (g) 0.380 >0.05 –0.087 >0.05 –0.161 >0.05 –0.379 >0.05

Apgar 1 (<7), (%) – – –0.105 >0.05 –0.208 >0.05 0.320 >0.05

Apgar 5 (<7), (%) – – – – 0.009 >0.05 0.077 >0.05

IUGR (%) – – –0.245 >0.05 –0.039 >0.05 –0.077 >0.05

Stillbirth (%) – – – – 0.039 >0.05 – –
Neonatal mortality (%) – – – – 0.244 >0.05 – –
C/S (%) –0.168 >0.05 0.111 >0.05 0.103 >0.05 0.320 >0.05

Ablatio placenta (%) – – – – –0.136 >0.05 – –
ICH – – – – –0.109 >0.05 – –
Maternal mortality (%) – – – – – – – –

Discussion
Thrombophilia mutations increase the susceptibility to
thrombosis in preeclamptic patients, disrupting maternal
and fetal circulation and contributing to the development
of preeclampsia. Role of FVL mutation in preeclampsia
pathogenesis has been investigated since 1994. FVL mu-
tation leads to APC resistance and increases the risk of
thrombosis [15,16]. In many studies, the role of APC resis-
tance and FVL mutation in preeclampsia pathogenesis has
been investigated, but contradicting results were obtained
[17-19]. Factor V Leiden mutation rate in hypertensive
patients was found as 16% by Dekker GA et al. [17], 22%
by Lindoff C et al. [18], and 7% by Benedetto C et al.
[19]. In the present study, FVL mutation rate was 5% in
normal pregnant women, 10% in mild preeclampsia, 13%
in severe preeclampsia and 7% in chronic hypertension.
The reasons for the differences in the incidence of FVL in
different studies are ethnic differences in the groups stud-
ied and differences in the definition of preeclampsia. Preg-
nant women in our study group are Caucasians, and FVL
carriership rate in the Caucasians is 4-5% [20]. In the
European race, FVL carriership in preeclamptic women

rate is 10-22% [17,18]. Therefore, we considered the lower
frequency of FVL mutations in our study group as nor-
mal due to its racial characteristics. In addition, different
definitions and classifications are used for preeclampsia in
studies [1-3,21]. In our study, we used the classification
made by the American National High Blood Pressure Ed-
ucation Program Working Report in 2000 on Group High
Blood Pressure in Pregnancy [20]. Thus, Dekker GA et al.
[17] and Lindoff C et al. [18], who used different diagnostic
criteria in their studies, may have found the incidence rate
of FVL mutation higher.

In the present study, the earliest gestational week at birth
was in severe preeclamptic pregnant women with the FVL
mutation. In addition, the first- and fifth-minute Apgar
scores were lower than 7 in severe preeclamptic pregnant
women with the FVL mutation and in chronic hyperten-
sive pregnant women without the FVL mutation. The
birth weight of patients with FVL mutation was lower
than those of those with mild or severe preeclampsia and
chronic hypertension groups. As a result, prematurity, low
Apgar scores and low birth weights were more common in
pregnant women with FVL mutations. The reason for this
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could be that FVL mutation does not pose a risk in normal
pregnant women, but in preeclamptic and chronic hyper-
tensive pregnant women, it further disrupts the already
impaired placental perfusion. Besides, reason for the low-
est birth weight in pregnant women with chronic hyperten-
sion could be that sustained hypertension further increases
the risk of microvascular thrombosis. Likewise, as shown
in some studies, FVL mutation in these patients could neg-
atively affect fetal development [22,23]. The prematurity
rate in severe preeclamptic pregnant patients was reported
as 52% by Osmanağaoglu T. et al. [22] and 55% by Kesim
M. et al. [23]. Like previous studies, highest premature
birth frequency was observed in the severe preeclampsia
group in the present study. There was no significant cor-
relation between FVL mutation and severe preeclampsia.
Therefore, we hypothesized that the premature birth fre-
quency in pregnant women with FVL mutation increased
in proportion to the severity of preeclampsia, rather than
the FVL mutation.
Martinelli P et al. [24] and Alfirevic Z et al. [25] reported
an increased risk of IUGR in those with FVL mutations.
Kupferminc MJ at al. and Rigo J at al. [26,27] did not
find an association IUGR in those with FVL mutations. In
accordance with the previous studies, FVL mutation was
not significantly associated with IUGR in the study groups
of the present study [26-27]. Besides, consistent with the
results of previous studies, no significant difference was ob-
served between the FVL mutation and IUGR in the study
groups. Nevertheless, severe preeclampsia and chronic hy-
pertension were more common in pregnant women with
FVL mutation.
Rai R. et al. [28] found that 20-50% of the pregnant
women with stillbirths were FVL carriers compared to 5%
in the controls. There are other studies supporting these
findings [29,30]. In some studies, on the other hand, no
relationship was found between FVL and stillbirth rates
[27,31]. Although stillbirth rates were more common in
pregnant women with FVL mutation in the present study,
the difference was not significant (p>0.05). In our study
groups, stillbirths were observed in severe preeclampsia
and chronic hypertension groups. All stillbirths in the
severe preeclampsia group were in pregnant women with
FVL mutation. However, in the chronic hypertension
group, the stillbirth rate was higher in pregnant women
without FVL mutation. These results suggest that when
hypertension develops during pregnancy, the risk of still-
birth increases in the presence of additional factors such as
FVL mutation, which increases susceptibility to thrombo-
sis (leading to the deterioration of placental microvascular
circulation and ultimately fetal circulation).
Neonatal mortality rates in those with preeclampsia and
FVL mutations were reported to increase due to prema-
turity [32]. It was reported that 20-25% of all perinatal
deaths is due to pregnancy-induced hypertension [22]. As
known, prematurity, along with placental insufficiency and
ablatio placenta, which can occur in this disease, also neg-
atively affects fetal health. In our study, no direct rela-
tionship was found between neonatal mortality and FVL
mutation, but prematurity rates were high due to earlier
birth in patients with severe preeclampsia and FVL mu-
tation. We also think that early neonatal mortality rates

were higher because of high prematurity rates.
FVL mutation had no effect on birth method in normal
pregnancy, but C/S rates were higher in pregnant women
with mild or severe preeclampsia, chronic hypertension
and FVL mutation. This was because most of these pa-
tients had IUGR. Therefore, since the fetal distress rate
increases earlier in pregnancy and these patients deliver
by C/S, we think that C/S rates were indirectly high in
those with FVL mutation.
In a study evaluating the relationship between placental
infarcts and FVL mutation, an increased risk of placental
infarction was reported in FVL mutation carriers [33]. In
another study, no increase of ablatio placenta was observed
with FVL mutation [34]. In our study, ablatio placenta
was not detected in pregnant women with FVL mutation.
In our study, ICH frequency was higher in patients without
FVL mutation in the severe preeclampsia group. However,
the differences between the groups were not significant.
We have not come across any study showing an associa-
tion of FVL mutation with ICH in preeclamptic pregnant
women. The presence of ICH in the group without FVL
mutation suggested that it was the acute hypertensive cri-
sis, rather than the FVL mutation, which caused intracra-
nial bleeding.
In patients with preeclampsia, a maternal mortality rate
of 14% was observed among the patients with FVL mu-
tation. There were no maternal deaths in those without
FVL mutation. The death of this only patient, whose FVL
mutation was homozygous, because of multiple organ fail-
ure could be attributed to the fact that the clinical pro-
gression is much more severe in homozygous cases. The
risk of venous thrombosis increases 5-10 times in those
with heterozygous FVL mutation, which could be 50-100
times higher in those with homozygous mutation [35,36].
In our study, deep venous thrombosis or pulmonary em-
bolism was not observed. However, the rapid and severe
progression of the preeclampsia clinic, the development of
multiorgan failure and the formation of multiple microvas-
cular thrombosis in this patient aggravated the prognosis.
The diagnosis of homozygous FVL mutation carriership
was made while the patient was in the intensive care unit
and antithrombotic treatment was started immediately.
However, the negative clinical table progressed fast and
the patient became exitus. We are of the opinion that
studies are needed to investigate the effect of antithrom-
botic therapy.
Women who had venous thromboembolism during preg-
nancy or in the puerperium was reported to have higher
FVL prevalence [4]. There were no cases of venous throm-
bosis or thromboembolism in our study group. Routine
screening of all pregnancies for thrombophilia mutations
is not recommended [8,9]. Future studies should aim to
determine which subgroups need FVL mutation screening.
In addition, it is also recommended to investigate whether
the anticoagulant therapy used in pregnant women with
FVL mutation reduces maternal and neonatal morbidity
in pregnant women with preeclampsia [37].

Conclusion
Our results did not suggest routine screening of pregnant
women for FVL mutation. However, due to the higher inci-
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dence of FVL mutation in pregnant women with low Apgar
scores, prematurity, intrauterine growth retardation, still-
birth, cesarean section, maternal and neonatal mortality
as a result of preeclampsia and eclampsia, thrombophilia
mutations can be investigated individually.
In the present study, FVL mutation was not associated
with pregnancy complications such as the development
of severe preeclampsia and ablatio placenta, intrauterine
growth retardation, venous thromboembolism, ICH, ma-
ternal and neonatal mortality pregnancy. This could be
due to small study population, use of different classifica-
tions for hypertensive diseases observed during pregnancy,
the different numbers of study groups, and different in-
clusion criteria. Future studies should aim to reveal for
which subgroups FVL mutation screening are necessary.
In addition, potential benefit of anticoagulant therapy in
preeclamptic pregnant women with FVL mutation should
be investigated. Prospective case-controlled studies with
larger patient populations are needed.

Conflict of interest
There is no conflict of interest in the preparation of this
article.

Ethical approval
The study was approved by the Ethics Committee of Ka-
radeniz Technical University, Faculty of Medicine (No:
2003/38, Date: 15.05.2003).

References
1. Cunningham FG, Gant NF. Williams Obstetrics. In: Leveno KJ,

Gilstrap III LC, eds. 21st ed. McGraw-Hill Medical Publishing
Division. 2001; 568–618.

2. ACOG technical bulletein. Hypertension in pregnancy. Interna-
tional Journal of Gynecology & Obstetrics. 1996; 53:175-183.

3. ACOG bulletein. Diagnosis and management of preeclampsia
and eclampsia. International Journal of Gynecology & Obstet-
rics. 2002; 77(1): 67–75.

4. Gerhardt A, Scharf RE, Beckmann MW, at al. Prothrombin and
factor V mutations in women with a history of thrombosis during
pregnancy and the puerperium. N Engl J Med. 2000;342(6):374-
80.

5. Bates SM, Greer IA, Hirsh J, at al. Use of antithrombotic agents
during pregnancy: the Seventh ACCP Conference on Antithrom-
botic and Thrombolytic Therapy. Chest. 2004; 126:627-644.

6. Villarreal C, Garcia-Aguirre G, Hernandez C, at al. Congenital
Thrombophilia Associated to Obstetric Complications. Journal
of Thrombosis and Thrombolysis. 2002;14 (2):163.

7. Dahlbäck B. Factor V gene mutation causing inherited resistance
to activated protein C as a basis for venous thromboembolism.
J Intern Med. 1995;237(3):221-7.

8. Livingston JC, Barton JR, Park V, at al. Maternal and fetal
inherited thrombophilias are not related to the development of
severe preeclampsia. Am J Obstet Gynecol. 2001;185: 153–7.

9. D’Elia AV, Driul L, Giacomello R, at al. Frequency of factor
V, prothrombin and methylenetetrahydrofolate reductase gene
variants in preeclampsia. Gynecol Obstet Invest. 2002;53(2):84-
7.

10. National High Blood Pressure Education Program: Working
Group Report on High Blood Pressure in Pregnancy. Am J Ob-
stet Gynecol. 2000;183: 51.

11. WHO Library Cataloguing in Publication Data. Neonatal and
perinatal mortality: country, regional and global estimates.
World Health Organization. 2006: 2.

12. Bale JR, Stoll BJ, Lucas AO. Improving Birth Outcomes: Meet-
ing the Challenge in the Developing World. Reducing Maternal
Mortality and Morbidity. Washington (DC): National Academies
Press (US). 2003;2.

13. Miller SA, Dykes DD, Polesky HF. A simple salting out proce-
dure for extracting DNA from human nucleated cells. Nucleic
Acids Res. 1988;11;16(3):1215.

14. Von Elm E, Altman DG, Egger M, at al. STROBE Initiative.
The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting
observational studies. J Clin Epidemiol. 2008;61(4):344-9.

15. Bertina RM, Koeleman BP, Koster T, at al. Mutation in blood
coagulation factor V associated with resistance to activated pro-
tein C. Nature. 1994;5;369(6475):64-7.

16. Dahlbäck B. Inherited thrombophilia: resistance to activated
protein C as a pathogenic factor of venous thromboembolism.
Blood. 1995;1;85(3):607-14.

17. Dekker GA, de Vries JI, Doelitzsch PM, at al. Underlying dis-
orders associated with severe early-onset preeclampsia. Am J
Obstet Gynecol. 1995;173(4):1042-8.

18. Lindoff C, Ingemarsson I, Martinsson G, at al. Preeclampsia is
associated with a reduced response to activated protein C. Am
J Obstet Gynecol. 1997;176(2):457-60.

19. Benedetto C, Marozio L, Salton L, at al. Factor V Leiden and
factor II G20210A in preeclampsia and HELLP syndrome. Acta
Obstet Gynecol Scand. 2002;81(12):1095-100.

20. Ridker PM, Miletich JP, Hennekens CH, at al. Ethnic distri-
bution of factor V Leiden in 4047 men and women. Implica-
tions for venous thromboembolism screening. JAMA. 1997; 23-
30;277(16):1305-7.

21. Report of the National High Blood Pressure Education Program
Working Group on High Blood Pressure in Pregnancy. Am J
Obstet Gynecol. 2000;183(1):1-22.

22. Osmanağaoğlu T, Cengizoğlu B, Ünsal M, at al. Perinatal and
maternal mortality and morbidity in hypertensive disorders of
pregnancy. Perinatoloji Dergisi. 1995;3: 44–6.

23. Kesim M, Erdemir M, Kaya İ: Maternal and perınatal
morbidity-mortality in pregnancy in induced hypertensıon cases.
Perinatoloji Dergisi.2001;9 (2): 115–120.

24. Martinelli P, Grandone E, Colaizzo D. Familial thrombophilia
and the occurence of fetal growth restriction. Haematologica.
2001;86: 428–31.

25. Alfirevic Z, Mousa HA, Martlew V, at al. Postnatal screening for
thrombophilia in women with severe pregnancy complications.
Obstet Gynecol. 2001;97(5):753-9.

26. Kupferminc MJ, Eldor A, Steinman N. Increased frequency of ge-
netic thrombophilia in women with complications in pregnancy.
N Engl J Med. 1999;340; 9.

27. Rigo J, Nagy B, Fintor L, at al. Maternal and neonatal outcome
of preeclamptic pregnancies: the potential roles of FVL muta-
tion and 5,10 methylenetetradydrofolate reductase. Hypertens
Pregnancy. 2000; 19 (2): 163– 72.

28. Rai R, Regan L, Hadley E, at al. Second-trimester pregnancy
loss is associated with activated C resistance. Br J Haematol.
1996;92(2):489-90.

29. Brenner B, Mandel H, Lanir N, et al. Activated protein C resis-
tance can be associated with recurrent fetal loss. Br J Haematol.
1997;97(3):551-4.

30. Grandone E, Margaglione M, Colaizzo D, et al. Factor V Lei-
den is associated with repeated and recurrent unexplained fetal
losses. Thromb Haemost. 1997;77(5):822-4.

31. Gris JC, Quéré I, Monpeyroux F, at al. Case-control study of
the frequency of thrombophilic disorders in couples with late
foetal loss and no thrombotic antecedent--the Nîmes Obstetri-
cians and Haematologists Study5 (NOHA5). Thromb Haemost.
1999;81(6):891-9.

32. Mello G, Parretti E, Marozio L, at al. Thrombophilia is signif-
icantly associated with severe preeclampsia: results of a large-
scale, case-controlled study. Hypertension. 2005;46(6):1270-4.

33. Dizon-Townson DS, Meline L, Nelson L at al. Fetal carriers of
the factor V Leiden mutation are prone to miscarriage and pla-
cental infarction. American journal of obstetrics and gynecology.
1997;177(2): 402–405.

34. Procházka M, Happach C, Marsál K, at al. Factor V Leiden
in pregnancies complicated by placental abruption. BJOG: an
international journal of obstetrics and gynaecology. 2003;110(5):
462–466.

35. Zöller B, Svensson PJ, He X, Dahlbäck B. Identification of the
same factor V gene mutation in 47 out of 50 thrombosis-prone
families with inherited resistance to activated protein C. J Clin
Invest. 1994;94(6):2521-4.

558



Okumus Akbas B. et al. Original Article 2024;31(7):553–559

36. Dahlbäck B. Resistance to activate protein C, the Arg506 to
Gln mutation in the factor V gene, and venous thrombosis.
Functional tests and DNA-based assays, pros and cons. Thromb
Haemost. 1995;73(5):739-42.

37. Lin J, August P. Genetic thrombophilias and preeclampsia: a
meta-analysis. Obstetrics and Gynecology. 2005;105(1):182-192.

559


