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Abstract. Methods to prevent the development of pathologies 
due to placental dysfunctions, such as gestational hypertension 
and preeclampsia, are the main approaches for obtaining the 
best maternal and fetal antepartum and postpartum prognosis. 
During 5 years of study (January, 2015 to December, 2019), the 
cases of pregnancy and puerperium complicated with pathology 
due to placental dysfunction were analyzed. The main objective 
was to determine the magnitude of the impact of thrombophilia 
on the development of an entity of gestational hypertension 
disorder. We compared the impact of thrombophilia and its 
associated complications in patients with gestational hyperten‑
sion with moderate and severe preeclampsia. Thus, we found 
obesity, thrombophilia, and underlying cardiac pathology to 
be significant risk factors for severe preeclampsia. Regarding 
the comparative analysis of the risk factors and complications 
associated with patients with mild preeclampsia compared 
with those with severe preeclampsia, the presence in severe 
preeclampsia of thrombophilia, endocrine, liver, and cardiac 

pathology was higher and, a higher rate of complications was 
observed; complications included fetal death, intrauterine 
growth restriction (IUGR), prematurity, fetal arrhythmia 
with acute fetal distress, HELLP syndrome, and placental 
abruption. Thrombophilia has a significant effect on the 
development of severe preeclampsia, and oligohydramnios as 
specific complication of mild preeclampsia. Factors indicating 
an increased risk of progression from mild preeclampsia to 
severe preeclampsia are in addition to inherited thrombophilia 
the underlying pathologies, namely cardiac, hepatic, and endo‑
crine factors.

Introduction

The pathologies included in the spectrum of hypertensive 
diseases in pregnancy have long been studied, and studies will 
certainly continue in this direction as long as these conditions 
maintain a significant incidence as well as their associated 
morbidity and mortality rates (1). Methods to prevent the devel‑
opment of pathologies due to placental dysfunctions, such 
as gestational hypertension and preeclampsia, are the main 
approaches for obtaining the best maternal and fetal antepartum 
and postpartum prognosis (2). The risk factors include previous 
preeclampsia, chronic renal disease, chronic hypertension, 
diabetes mellitus, systemic lupus erythematosus or antiphos‑
pholipid syndrome, first pregnancy, maternal age >35 years, 
body mass index >35 kg/m2, inter‑pregnancy interval >10 years, 
family history of preeclampsia, which have demonstrated their 
impact according to numerous studies and have been adopted 
by The National Institute for Health and Care Excellence guide‑
lines 2010 and by the American College of Obstetricians and 
Gynecologists guidelines 2020 as screening tools (3‑10). When 
corroborated with laboratory and imaging tests (11,12), patients 
with a high risk of developing preeclampsia can be selected 
and they can be offered low‑dose aspirin therapy starting at 
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the end of the first trimester and an appropriate pregnancy 
management. The link between inherited thrombophilia and 
preeclampsia continues to remain disputed; data from some 
prospective cohort studies indicate that major thrombophilic 
factors are not associated with preeclampsia and screening 
is not useful for predicting the high risk of developing the 
disease (13,14), but other studies suggest the opposite (15‑18). 
However, preeclampsia occurs in a significant number of cases 
in nulliparous patients, with an apparent health status that does 
not present any obvious risk factor or relevant maternal‑fetal 
pathology (19‑24). The prognosis of complicated cases with 
gestational hypertension is usually good, even significantly 
better than that of complicated cases with preeclampsia. About 
half of the cases with gestational hypertension will progress 
to preeclampsia, and the risk of decompensating is inversely 
proportional to the gestational age at gestational hypertension 
onset; thrombocytopenia and persistently impaired liver func‑
tion underline the severity of preeclampsia (25). The earlier the 
gestational hypertension occurs in pregnancy, the greater is the 
risk of progression to preeclampsia. Preeclampsia is associated 
with a poor maternal and fetal prognosis in terms of perinatal 
mortality especially if it imposes iatrogenic prematurity (26‑28).

Patients and methods

Patients and groups. During the 5  years (2015‑2019) of 
study, the cases of pregnancy and puerperium complicated 
with pathology due to placental dysfunction were analyzed 
by collecting data from the Medical Statistics Department 
of the University Emergency Hospital Bucharest. The initial 
case groups included: Control group 1 formed by selecting 
200 randomly healthy pregnant women, matched by age 
and sociodemographics, with no hypertension diagnosed 
pre‑pregnancy or during pregnancy, from the large sample of 
women presented at our clinic for usual pregnancy controls 
during the period of the current study; group 2, including 
patients with preexisting pregnancy hypertension (67 cases); 
group 3, patients with gestational hypertension (240 cases); 
group 4, patients with moderate preeclampsia (319 cases); 
group  5, patients with severe preeclampsia (130  cases); 
group 6, patients with eclampsia (16 cases). Due to insufficient 
data about group 6, it was excluded from the study. Group 2 
had a similar profile of complications and pathologic asso‑
ciation as group 1 (general population), with no statistically 
significant differences, so in the present statistical analysis it 
was not included.

Analysis of the proportion of the impact of inherited throm‑
bophilia on the development of gestational hypertension 
or preeclampsia. The main objective was to analyze the 
proportion of the impact of inherited thrombophilia such 
as mutations in factor  V Leiden rs6025, heterozygous or 
homozygous and haplotype factor R2, A4070G, rs1800595 
heterozygous or homozygous; factor II mutation, prothrombin 
gene G20210A (rs1799963) and its genotype; antithrombin 
deficiency (mutations 11T3 AT); the factor XIII V34L muta‑
tion (G103T, rs5985) and its genotype; plasminogen activator 
inhibitor 1 (PAI‑1) gene polymorphism; methylenetetrahydro‑
folate reductase (MTHFR) A1298C and C677T and mutations 
in the endothelial protein C receptor (EPCR) gene G4600A 

(rs867186, S219G) and C4678G (rs9574) in the development 
of a form of gestational hypertension or preeclampsia.

Hypertensive group criteria. Each patient was included in 
one group according to the last criteria included in the defi‑
nition of hypertensive disorders of pregnancy. Respectively, 
chronic hypertension was defined as hypertension that was 
present before pregnancy or was present on at least two occa‑
sions before the accomplishment of 20 weeks of gestation 
or persisted longer than 12 weeks' postpartum; gestational 
hypertension was defined as the new onset of hypertension 
with systolic blood pressure ≥140 mmHg and/or diastolic 
blood pressure ≥90 mmHg after 20 weeks of gestation in the 
absence of proteinuria or new signs of end‑organ dysfunc‑
tion  (29). Preeclampsia was defined as the new‑onset of 
hypertension that is accompanied by specific signs or symp‑
toms of significant end‑organ dysfunction severe features of 
the preeclampsia spectrum being indicated by high values 
of hypertension (systolic blood pressure ≥160 mmHg and/or 
diastolic blood pressure ≥110 mmHg) also with specific signs 
or symptoms of severe end‑organ dysfunction. 

Statistical analysis. In the context in which the data was 
not a Gaussian distribution, nonparametric tests, such as the 
Mann‑Whitney U test, were respectively applied between the 
different study groups and the risk factors, and subsequently, 
the complications encountered were analyzed. In order to eval‑
uate the association of risk factors with each of the pathologies 
related to hypertension in pregnancy, multinominal and binary 
logistic regression models were performed using the pathology 
categories as the dependent variables and the different risk 
factors. The significance for the pathology groups studied 
in the nonparametric tests was applied in the first stage. 
SPSS 12.0 (IBM, Corp.) was used for statistical analysis, and 
the statistical significance threshold was set at P<0.05.

Results

Descriptives regarding the groups included in the statistical 
analysis in the present paper are presented in Table I. In a 
first step, we applied Mann‑Whitney U tests, first comparing 
complications in moderate and severe preeclampsia, with 
their presence in pregnancy‑induced hypertension (Table II), 
and then compared their presence in severe vs. moderate 
preeclampsia cases  (Table  III). The analysis showed that 
there was a statistically significant association of the 
severity of preeclampsia (severe preeclampsia cases vs. 
pregnancy‑induced hypertension cases) with the presence 
of thrombophilia. Inherited thrombophilia had a increased 
frequency in groups 4 and 5 of mild and severe preeclampsia. 
Our results showed also that the presence of oligohydramnios 
was linked with the presence of preeclampsia. By dividing 
into severity class, oligohydramnios appeared to be statisti‑
cally significantly associated with mild preeclampsia, 
compared with pregnancy hypertension, and also with severe 
preeclampsia. Complications such as intrauterine growth 
restriction (IUGR), prematurity, fetal arrhythmia with 
acute fetal distress, infection and placental abruption were 
significantly linked with severe preeclampsia, compared with 
pregnancy‑induced hypertension (Table II)
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In a previous study, we found obesity and underlying 
cardiac pathology to be significant risk factors for severe 
preeclampsia  (30). In the present study we confirmed 
that there was a significant difference in the presence of 
complications such as IUGR, oligohydramnios, prema‑
turity, fetal arrhythmia, acute fetal distress, HELLP 
syndrome, and placental abruption for group 5  patients 
with severe preeclampsia, compared with the group with 
pregnancy‑induced hypertension  (Table  II). Even though 
the impact of complications falls within the sphere of small 
values, the effects are more substantial [need for NICU 
(neonatal intensive care unit), prematurity, and HELLP 
syndrome].

Regarding the comparative analysis of the risk factors 
and complication associated with patients with mild 
preeclampsia vs. those with severe preeclampsia (Table III), 

the results revealed that there was a significant association of 
severe preeclampsia with thrombophilia, endocrine, liver, and 
cardiac pathology, compared with the same complications in 
mild preeclampsia.

Thrombophilia is the next significant risk factor for severe 
preeclampsia, and an associated underlying pathology (endo‑
crine, hepatic, or cardiac) has a significant impact only on severe 
preeclampsia, compared with mild one (Tables II and III).

In the context in which thrombophilia was found to be a 
significant risk factor by comparative nonparametric tests 
between the studied groups, we carried out an analysis in 
order to establish the severity index. From the above results, 
it can be seen that thrombophilia is a statistically significant 
severity indicator; its impact is important not only in the 
general population, but also between the case groups. The 
impact increases as the severity of the case increases. Of the 

Table I. Descriptives of groups 3, 4 and 5. 

	 Group 3 Pregnancy‑induced	 Group 4 Moderate	 Group 5 Severe
	 hypertension (n=240) n (%)	 preeclampsia (n=319) n (%)	 preeclampsia (n=130) n (%)

Thrombophilia	 25 (10.42)	 47 (14.73)	 30 (23)
IUGR	 16 (6.67)	 42 (13.17)	 33 (25.4)
Oligohydramnios	 13 (5.42)	 67 (21)	 20 (15.4)
Prematurity	 15 (6.25)	 18 (5.64)	 29 (22.3)
Fetal arrhythmia	 6 (2.5)	 11 (3.45)	 13 (10)
HELLP syndrome	 2 (0.83)	 2 (0.63)	 14 (10.8)
Infections	 38 (15.8)	 36 (11.3)	 22 (17)
Placental abruption	 18 (7.5)	 20 (6.3)	 20 (15.4)
Cardiac pathology	 2 (0.83)	 1 (0.3)	 13 (10)
Liver pathology	 0 (0.0) 	 3 (1)	 5 (3.85)
Endocrine pathology	 8 (3.33)	 7 (2.2)	 8 (6.15)

IUGR, intrauterine growth restriction.

Table II. Inherited thrombophilia and the main associated complications encountered in the pregnancy‑induced hypertension 
patients compared with mild preeclampsia and severe preeclampsia cases.

	 Mild preeclampsia (n=319) vs.	 Severe preeclampsia (n=130) vs.
	 pregnancy‑induced hypertension (n=240)	 pregnancy‑induced hypertension (n=240)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 U	 z	 P‑value	 r	 U	 z	 P‑value	 r

Thrombophilia 	 ‑				    11611	 ‑2.6	 0.01	 ‑0.11
IUGR	 ‑	 ‑	 ‑	 ‑	 10728	 ‑4.4	 <0.001	 ‑0.19
Oligohydramnios	 20045	 ‑9.1	 <0.001	 ‑0.4	 11847	 ‑2.7	 0.007	 ‑0.12
Prematurity 	 ‑	 ‑	 ‑	 ‑	 11067	 ‑4	 <0.001	 ‑0.18
Fetal arrhythmia 	 ‑	 ‑	 ‑	 ‑	 12103	 ‑2.7	 <0.001	 ‑0.12
HELLP syndrome 	 ‑	 ‑	 ‑	 ‑	 11744	 ‑4	 <0.001	 ‑0.18
Infections 	 28599	 ‑3.3	 <0.001	 ‑0.14	 ‑	 ‑	 ‑	 ‑
Placental abruption	 ‑	 ‑	 ‑	 ‑	 12184	 ‑3.3	 <0.001	 ‑0.14

Only significant associations are presented (P<0.05). r represents the size of the effect of the respective variable; that is, the greater the value 
of r the more important the influence of the variable. The test statistic for the Mann Whitney U Test is denoted as U. IUGR, intrauterine growth 
restriction.
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risk factors analyzed, thrombophilia seemed to be strongly 
associated with the severity of the case, the closest connection 
is with severe preeclampsia. It has significant lower impact as 
a risk factor for gestational hypertension or mild preeclampsia 
as demonstrated trough multinomial regression models that 
identify potential predictors. The models included the study 
group category as dependent variables, and as independent 
variables, the statistically significant risk factors identified in 
the previous stage oriented mainly to thrombophilia.

A logistic binary regression model, with the category 
as dependent variable, was developed for the purpose of 
the analysis of group 4 in relation to group 5 regarding the 
predictive value of thrombophilia, considered as independent 
variable. The model has a Chi‑square (3)=15.9, P<0.05, and 
explains 26.4% of patients' probability of developing severe 
preeclampsia, from mild preeclampsia (Nagelkerke=0.264). 
There are no large correlation factors between the independent 
variables; thus, collinearity can be excluded. What could be 
observed in the binary regression model was that throm‑
bophilia, as a risk factor, loses its predictive value in case 
evolution. We can consider it as a negative predictor of preg‑
nancy hypertension and preeclampsia just in relation with the 
general population, driving the necessity of a closer follow‑up 
of the thrombophilic patient.

Discussion

The relationship between thrombophilic mutations and 
preeclampsia is an intensely studied and debated topic, and 
the results and conclusions are divided. Thrombophilia 
increases the risk of patients with pregnancy‑induced hyper‑
tension to develop severe preeclampsia. This association was 
first reported decades ago (31). Due to the influence of this 
report, thrombophilia screening was indicated for patients 
with previous severe preeclampsia episodes and appropriate 
treatment in subsequent pregnancies. Succeeding studies have 
confirmed or rejected this report (13,14,32). The differences 
in the conclusions are largely due to the lack of prospective 
studies with a consistent design for the assessment of the risk 

of preeclampsia in the general, asymptomatic, and carrying 
population of thrombophilic mutations, but in return are based 
on results from retrospective studies with heterogeneous 
groups (33‑35). Most studies performed on the relationship 
between thrombophilia and preeclampsia are based on the 
results of term pregnancies as a control group and compli‑
cated pregnancies with preeclampsia treated in tertiary 
centers as a case group; thus, the results are due to a bias that 
overestimates the impact of thrombophilia in the group case 
and underestimates it in the control group. A common result 
from most studies is the link between thrombophilia and 
severe preeclampsia to the detriment of the mild one (36,37), 
a result obtained in the study group as well.

The fact that oligohydramnios is a sign of chronic fetal 
distress due to utero‑placental insufficiency has long been 
studied and has long been a consensus. Placental dysfunc‑
tion with chronic hypoxic status results in the redistribution 
of circulation to the vital organs; therefore, the non‑essential 
organs such as the kidneys receive inadequate circulatory flow 
with low fetal diuresis and decreased amniotic fluid levels. 
Oligohydramnios may exist as a unique sign of fetal distress 
in preeclampsia in the presence of a non‑stress and IUGR 
test (38‑41). The relationship between oligohydramnios and 
the severity of the associated hypertensive condition has been 
investigated in numerous studies, which have shown that the 
oligohydramnios sensitivity as a negative prognostic factor is 
low with a percentage of 45% (42).

The statistically significant relationship of oligohydram‑
nios as a complication of mild preeclampsia is justified by the 
fact that mild preeclampsia offers an expectation management 
window, with continuous monitoring and does not represent 
a firm indication of termination of the pregnancy, except in 
the presence of other signs of fetal decompensation (40,41). In 
addition, we found a significantly increased incidence of oligo‑
hydramnios among severe preeclampsia patients compared 
to patients with pregnancy‑induced hypertension, IUGR, 
prematurity, and acute fetal distress, HELLP syndrome and 
placental abruption. Each of the complications listed increases 
in proportion with the increasing severity of the pathology. 
Fetal decompensation shows acute fetal distress that usually 
occurs when pregnancy‑induced hypertension is destabilized 
by HELLP syndrome or significantly increased blood pres‑
sure, a major placental abruption risk factor (43).

Factors indicating an increased risk of progression from 
mild preeclampsia to severe preeclampsia are in addition 
to thrombophilia, underlying pathologies such as cardiac, 
hepatic, and endocrine, a circumstance justified by the fact that 
an already affected system will be much more easily affected 
by possible complications in pregnancy. Thus, preeclampsia, 
which is characterized by generalized endothelial dysfunction 
with implicated vasoconstriction, will have an aggravating 
impact on impaired cardiac function. 

Regarding the increased risk of HELLP syndrome, its 
pathophysiology is not fully elucidated, but at its base is 
endothelial dysfunction (44). Hepatic function is affected by 
fibrin storage at the liver level, resulting in sinusoidal capil‑
lary obstruction leading to vascular congestion and increased 
intrahepatic pressure (45). Placental derived factors, such as 
CD95L, are hepatotoxic, leading to hepatocyte apoptosis and 
hepatic necrosis by increasing TNFα (46). Microangiopathies, 

Table III. Risk factors associated with inherited thrombo‑
philia represented comparatively of the patients with mild 
preeclampsia (n=319) and those with severe preeclampsia 
(n=130).

	 Severe preeclampsia compared to 
	 mild preeclampsia
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Risk factors	 U	 z	 P‑value	 r

Thrombophilia 	 18772	 ‑2.15	 0.03	 ‑0.1
Cardiac pathology 	 18508	 ‑5.36	 0.00	 ‑0.25
Liver pathology 	 19909.5	 ‑2.11	 0.03	 ‑0.1
Endocrine pathology 	 19690.5	 ‑2.12	 0.03	 ‑0.1

Only significant associations are presented (P<0.05). r represents the 
size of the effect of the respective variable, that is, the greater the 
value of r the more important the influence of the variable. The test 
statistic for the Mann Whitney U Test is denoted as U.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  261,  2021 5

characteristic of preeclampsia, are present in the liver and 
further affect liver function. These mechanisms that negatively 
impact liver function, which are superimposed on an already 
altered liver function, have an increased exponential impact.

Taking into account that the placenta of preeclamptic women 
displays characteristic features of uteroplacental ischemia, the 
use of prophylactic low molecular weight heparin (LMWH) in 
selected high‑risk women with thrombophilic genetic variants 
has been suggested to prevent recurrent pregnancy complica‑
tions (47‑52). However, available data, although limited, do not 
support this practice (53), further investigation is warranted, 
but actual guidelines of prevention of thromboembolic disease 
in pregnancy sustain administration of LMWH in the presence 
of high‑risk factors: Antithrombin deficiency, homozygotes of 
factor V Leiden, homozygotes of prothrombin gene mutation, 
or compound heterozygote factor V Leiden and prothrombin 
gene mutation (54‑59).

Regression models were developed to confirm the predic‑
tive values of the risk factors analyzed. These results confirm 
the link between thrombophilia and severe preeclampsia, as 
demonstrated by other studies (60).

In conclusion, thrombophilia has a significant effect on the 
development of severe preeclampsia, and oligohydramnios is 
a specific complication of mild preeclampsia. A clear deter‑
mination of the predisposition towards a form of hypertension 
in pregnancy and with a management adapted to each case is 
mandatory in order to prevent the unfavorable maternal‑fetal 
prognosis related to these pathologies. Thrombophilia 
significantly affects the evolution of hypertensive disease in 
pregnancy, but is not involved in their pathophysiological 
mechanism, the effect of thrombophilia being superim‑
posed on the pathophysiological changes characteristic of 
preeclampsia.
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