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ABSTRACT

Hypertension in pregnancy combines several conditions, such as chronic hypertension, gestational hypertension, unclassified
hypertension before delivery, and preeclampsia. According to WHO data, preeclampsia complicates 3-8% of pregnancies
and contributes significantly to maternal and neonatal mortality. In recent years, hypertension in pregnancy has been
diagnosed more and more frequently, which is associated with the prevalence of conditions such as diabetes, metabolic
syndrome, dyslipidemia, and obesity, but also with the increasing average age of women becoming pregnant. The following
article discusses the diagnosis, prevention, and non-pharmacological and pharmacological treatment of this condition. The
authors also highlight the role of lifestyle modifications during the preconception period in preventing maternal and fetal
complications. The safety of pharmacotherapy for both women and newborns is also discussed. In women with preeclampsia,
magnesium sulfate should be used to reduce the risk of eclampsia by more than half. The following article is a review of the
diagnosis and treatment of hypertensive disorders occurring during pregnancy.
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Introduction

Hypertension in pregnancy is a complex term combining several disease entities. The precise
classification of hypertension in pregnancy is presented in Table I. According to data from the World Health
Organization (WHO), preeclampsia occurs in 3—8% of pregnant women worldwide, and at the same time, it is
one of the pathological conditions occurring in pregnancy associated with the highest risk of complications
and mortality for both the mother and the newborn [1]. Hypertension in pregnancy can lead to complications
such as preterm labor, fetal growth restriction, HELLP syndrome (hemolysis, elevated liver enzymes, low
platelet count), and eclampsia — which involves consciousness disorders with co-occurring tonic-clonic
seizures. Therefore, increasing awareness of PE among doctors of all specialties, as well as patients and their
families, is crucial for the early identification of risk factors and the prevention of complications [2].

Table 1. Classification of hypertension in pregnant women. Own elaboration based on literature.

Type of Hypertension Definition Characteristic Criteria Postpartum Course
Hypertension present before .
Chronic hypertension | pregnancy or developing before May coexist with proteinuria Persists > 6 weeks

the 20th week of gestation postpartum

Usually resolves

Hypertension developing after | Absence of proteinuria and signs of within 6 weeks

Gestational hypertension

the 20th week of gestation organ damage postpartum
Unclassified hypertension First blood pressure Diagnosed hypertension, but Class(l)fsisci'cll;cllgr; fltse;)nly
before de}l]iri/ . measurement after the 20th week| impossible to determine whether it p ostoartum
vy of gestation is chronic or gestational postparty
observation
Hypertension + proteinuria (>0.3
>
. Hypertension after the 20th g/day or ACR 230 mg/mmpl) OR Usually resolves after
Preeeclampsia maternal organ damage (kidneys,

week of gestation delivery

liver, CNS, coagulation system) OR
uteroplacental dysfunction
Abbreviations: gw (gestational week / weeks of gestation); CNS — Central nervous system; ACR —
Albumin/Creatinine Ratio.

Pathogenesis

Pregnancy involves profound hemodynamic and hormonal changes that under normal conditions enable
fetal development. However, in some women, deviations in the physiological adaptive mechanisms of the
maternal body can lead to the development of hypertension (HA). PE represents a specific form of hypertension
in pregnancy, where placental pathology and a secondary, generalized vascular-inflammatory response of the
maternal organism play a key role. In a normal pregnancy, there is a significant increase in plasma volume (by
approximately 40-50%) and cardiac output, accompanied by a simultaneous reduction in systemic vascular
resistance. These changes are modulated by pregnancy hormones, including progesterone, estrogens, and
relaxin, which promote vasodilation and cardiovascular adaptation. The renin—angiotensin—aldosterone system
is also activated, leading to sodium and water retention, which physiologically expands the circulating blood
volume. In some cases, compensatory mechanisms prove insufficient or become deregulated, resulting in an
excessive increase in blood pressure (BP), particularly in the second half of pregnancy. Endothelial
dysfunction, increased vascular reactivity to vasoconstrictors, and relative resistance to the action of
vasodilators can contribute to the development of pathological BP values.

Despite intensive research, the pathogenic mechanisms of preeclampsia remain not fully understood,
and its development involves alterations at the cellular, vascular, immunological, and metabolic levels. The
most widely accepted model explaining the pathogenesis of PE is the two-stage hypothesis [3]. The first stage
of the disease occurs in early pregnancy and is associated with abnormal trophoblast implantation and impaired
remodeling of the uterine spiral arteries. Trophoblast cells do not penetrate deeply enough into the decidua and
myometrium, and the spiral arteries retain their muscular layer, failing to transform into high-caliber, low-
resistance vessels. This results in restricted blood flow through the placenta, its chronic hypoxia, and perfusion
instability [2]. In response to hypoxia and environmental stress, the placenta releases numerous bioactive
factors into the maternal circulation, initiating the second stage of the disease — a systemic vascular-
inflammatory response. Antianigogenic factors play a crucial role here, particularly sFlt-1 (Soluble Fms-like

e-ISSN: 2544-9435 2



3(51) (2026): International Journal of Innovative Technologies in Social Science

Tyrosine Kinase-1) and sEng (Soluble Endoglin). sFlt-1, which is a soluble form of the VEGFR-1 (Vascular
Endothelial Growth Factor Receptor 1) receptor, binds and neutralizes proangiogenic factors such as VEGF
(Vascular Endothelial Growth Factor) and PIGF (Placental Growth Factor), leading to their functional
deficiency. Meanwhile, sEng disrupts TGF-B (Tumor Growth Factor-f)-dependent signaling, which is
essential for maintaining endothelial integrity [4].

An essential component of the pathogenesis of PE and hypertension in pregnancy is oxidative stress arising
from placental hypoxia. Excessive production of reactive oxygen species leads to damage to the trophoblast,
endothelial cells, and maternal internal organs. Disruption of mitochondrial antioxidant mechanisms further
intensifies free radical production, promoting the progression of vascular dysfunction [5,6].

Immunological mechanisms also play a significant role in the pathogenesis of PE. Improper adaptation of
the maternal immune system to the presence of the semi-allogeneic fetus leads to an imbalance between NK (Natural
Killer) cells and regulatory T lymphocytes. The result is an intensified inflammatory reaction and abnormal
remodeling of the spiral vessels, which secondarily promotes both the development of hypertension and placental
damage [7-9].

Predisposition to the development of hypertension in pregnancy and PE can also be genetically and
epigenetically determined. Polymorphisms in genes related to angiogenesis, including Flt-1 (Fms-like tyrosine
kinase-1), as well as epigenetic modifications such as DNA methylation or altered microRNA expression, influence
the regulation of pathways responsible for angiogenesis, immune response, and oxidative stress [10-13].

Preeeclampsia

This is the most severe form of hypertension in pregnancy, occurring in approximately 2% of pregnant
women [14]. There are many recognized risk factors described by various scientific societies. They have been
divided into moderate-risk and high-risk factors, and their compilation is presented in Table II.

Table 2. Risk factors for developing PE. Own elaboration based on literature.

Scientific Society Moderate Risk Factors High Risk Factors
First pregnancy Age >35 years PE in a previous pregnancy Chronic
Interpregnancy interval >10 years BMI >30 | hypertension Systemic lupus erythematosus
ACOG kg/m? Type I or II diabetes
Family history of PE History of SGA Chronic kidney disease Multiple pregnancy
Low socioeconomic status Antiphospholipid syndrome
First pregnancy Age >40 years PE in a previous pregnancy Chronic
NICE Interpregnancy interval >10 years BMI >30 |hypertension Autoimmune diseases Type I or|
kg/m? II diabetes Chronic kidney disease
Family history of PE Multiple pregnancy Antiphospholipid syndrome

Abbreviations: ACOG — American College of Obstetricians and Gynecologists;, NICE — National
Institute for Health and Clinical Excellence; BMI — Body Mass Index; SGA — Small for Gestational Age.

It is worth emphasizing that obesity is one of the modifiable risk factors for PE. It has been shown how
critical patient education in the periconceptional period regarding weight control and reduction can be. A study
of over 28,000 nulliparous women with singleton pregnancies shows that pre-pregnancy BMI is one of the key
modifiable risk factors for the development of preeclampsia, especially its form occurring before the 37th week
of gestation, which is associated with a higher risk of complications for both the mother and the fetus.
Additionally, women who developed PE before the 37th week of gestation were significantly more likely to be
obese before becoming pregnant (33.1% vs 25.3%). The highest risk was found in women with a BMI > 40
kg/m?— for preterm preeclampsia, the relative risk was RR 5.23 (95% CI: 3.86—7.09), which means a more than
fivefold increase in the likelihood of this complication compared to women with a normal body weight [15].

The diagnostic criteria for preeclampsia proposed by various organizations differ slightly. The main
difference is that proteinuria is no longer a required parameter for diagnosing preeclampsia according to the
ISSHP guidelines. The criteria proposed by the ISSHP (The International Society for the Study of Hypertension
in Pregnancy) are presented below in Table III [16].
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Table 3. Criteria for diagnosing preeclampsia according to the ISSHP

Preeeclampsia is pregnancy-induced hypertension accompanied by >1 of the following clinical situations, the
development of which occurred >20th week of gestation:

* Proteinuria

* Acute kidney injury (serum creatinine concentration >1 mg/dl; 90 pmol/l)

* Hepatic complications (elevated transaminase activity, e.g., AST or ALT >40 IU/l) with or without pain in the
right upper quadrant or epigastrium

* Hematological complications (platelet count <150 000/pl, disseminated intravascular coagulation syndrome,
hemolysis)

* Neurological complications (e.g., eclampsia, altered mental status, blindness, stroke, clonus, severe headaches,
and persistent scotomas)

* Signs of fetal distress (IUGR, abnormal umbilical artery flow in Doppler ultrasound, or intrauterine fetal demise)

Abbreviations: ALT — alanine aminotransferase, AST — aspartate aminotransferase.

Due to the multifactorial background of this disorder, the diagnostic process must take into account both
the risk factors for preeclampsia and appropriate biophysical and biochemical markers. Biophysical markers
include mean arterial pressure (MAP) and the uterine artery pulsatility index (UtA PI). On the other hand,
biochemical markers include pregnancy-associated plasma protein A (PAPP-A) and placental growth factor
(PIGF) [17]. Based on these parameters and data obtained from the patient’s medical history, an individual
risk assessment for preeclampsia in the first trimester of pregnancy is possible using the FMF (Fetal Medicine
Foundation) calculator. This tool also allows for the estimation of the risk of IUGR.

This method is recommended as the standard for assessing individual preeclampsia risk. If a risk value
higher than 1:150 is obtained, it is recommended to implement prophylaxis in the form of acetylsalicylic acid
(ASA) at a dose of 100-150 mg, taken daily in the evening [13]. The FMF calculator algorithm allows for the
identification of over 90% of early preeclampsia cases, with a false-positive rate of approximately 10% [18].

An increasing number of reports indicate the possibility of predicting preeclampsia in the second trimester
of pregnancy as well, i.e., between the 19" and 24" week of gestation. The risk assessment takes into account
parameters such as the number of previous pregnancies, the uterine artery PI index, MAP, plasma PIGF
concentration, and sFlt-1 levels [19]. It has also been shown that in the second trimester, the sFlt-1 concentration
begins to rise gradually, while the PIGF level decreases as early as the end of the first trimester [20].

Non-pharmacological Treatment and Prevention

Non-pharmacological interventions, such as smoking cessation and low- to moderate-intensity physical
activity, serve as predictive factors, especially if introduced in the first trimester of pregnancy. In women with
low daily dietary calcium intake (<600 mg per day), oral supplementation at a dose of 0.5-2 g daily is
recommended [12]. An individual PE risk assessment should be performed for every patient at the beginning
of pregnancy. If high or moderate risk is identified, acetylsalicylic acid at a dose of 100—150 mg/day should
be initiated before the 16th week of gestation, with the recommendation to take it in the evening [2].

Chronic Hypertension — Treatment

Pregnancy in a woman suffering from chronic hypertension should be planned in consultation with a
hypertensiologist or a cardiologist. Before pregnancy, laboratory and electrocardiographic tests should be
performed to assess, among other things, kidney, liver, and heart function. In the preconception period,
treatment modification should be considered to discontinue drugs potentially teratogenic to the fetus and
introduce medications deemed safe. The use of drugs from the groups of mineralocorticoid receptor
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antagonists, angiotensin Il receptor antagonists, angiotensin II converting enzyme inhibitors, and renin
inhibitors is not recommended in women of childbearing potential, except for patients with specific indications.
In women planning a pregnancy, changing the current antihypertensive treatment to medications typically used
in the treatment of hypertension in pregnancy should be considered. Pregnancy in women with chronic
hypertension is a high-risk pregnancy and can be burdened with numerous complications. Daily monitoring of
blood pressure and performing a urinalysis to evaluate for proteinuria are very important. The division of drugs
used in chronic therapy is shown in Table IV.

Table 4. Medications in chronic antihypertensive therapy in pregnant women.
Own elaboration based on literature.

Recommendation Drug
First-choice drugs Methyldopa Labetalol Nifedipine Metoprolol
Relatively safe drugs Dihydralazine Prazosin
oo Diuretics
Contraindicated drugs Angiotensin-converting enzyme inhibitors Angiotensin receptor antagonists

Pharmacological Treatment of Mild Hypertension

In cases where hypertension is diagnosed in a pregnant woman, the European Society of Cardiology
(ESC) recommends initiating antihypertensive treatment to reduce the risk of developing severe hypertension,
and consequently, complications for both the pregnant woman and the fetus. Among the drugs used in the
therapy of hypertension in pregnant women, we distinguish -adrenergic receptor antagonists, dihydropyridine
calcium channel antagonists, and centrally acting drugs.

From the B-blocker group, labetalol (a non-selective B-receptor antagonist and a postsynaptic al-
receptor antagonist), metoprolol, and bisoprolol (selective B-adrenergic receptor antagonists) can be used in
pregnant women [2,12]. They belong to the most frequently used cardiac medications in patients with heart
disease — according to ROPAC (Registry of Pregnancy and Cardiac disease), they are taken by as many as 15%
of pregnant women with cardiac burdens. Ramlakhan et al. conducted a multivariate regression analysis based
on data collected by ROPAC, which is part of the EURObservational Research Programme observational study
registry conducted by the ESC and constitutes a prospective, worldwide registry of pregnancies in women with
structural heart diseases. The researchers analyzed 5,739 pregnancies across 138 centers in 53 countries
between January 2008 and January 2018, adjusting for maternal factors such as BMI, heart disease,
cardiomyopathies, primiparity, smoking, diabetes, maternal age, and a propensity for risky behaviors. Data
analysis revealed that the use of atenolol was more frequently associated with the occurrence of SGA in
newborns (OR 2.3, 1.1-4.9), whereas it occurred less frequently with the use of propranolol (OR 0.2, 95% CI
0.1-0.9) and labetalol (OR 0.2, 0.1-0.4). It was found that the use of atenolol compared to bisoprolol was more
often linked to the occurrence of SGA (OR 2.7, 1.2-5.6), while labetalol was less likely to cause fetal growth
restriction (OR 0.2, 0.1-0.8).

Furthermore, in newborns whose mothers took B-blockers during pregnancy, a difference in mean birth
weight of —177g or —5.8% was noted [21].

Nifedipine, belonging to the dihydropyridine calcium channel blockers, is the most frequently
mentioned drug in the antihypertensive therapy of pregnancy among medications in this class [2]. Leonard et
al. analyzed data concerning 6,724 pregnant women with chronic hypertension who took either nifedipine or
labetalol. Target blood pressure values were achieved in 44% of patients taking nifedipine and 42% of patients
in the group treated with labetalol. The incidence of SGA in newborns exposed to both of these drugs prenatally
was also compared. It was found that the percentage of newborns with SGA was 13% in the labetalol group and
12% in the nifedipine group. The researchers concluded that the use of labetalol and nifedipine is associated
with a comparable risk of delivering an SGA newborn. Neither drug significantly increases or decreases the
risk of SGA compared to the other, suggesting a similar safety profile in this regard [22].

Among centrally acting drugs, methyldopa is the most frequently used in the therapy of hypertension in
pregnancy. It is a decarboxylase inhibitor, an enzyme involved in catecholamine metabolism. Furthermore, it
also reduces renin secretion. At the same time, it does not affect placental circulation or fetal hemodynamics
[2]. A study conducted in the Psychiatry Department of a tertiary referral hospital in Mumbai included 100
women presenting to a vaccination clinic at the 6th week postpartum. Patients taking psychotropic medications,
those with a positive psychiatric history, or those suffering from somatic and psychiatric conditions were
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excluded from the study. Based on the Edinburgh Postnatal Depression Scale (EPDS), the risk of postpartum
depression in the study group was assessed. A maximum score of 19 points and a minimum score of 0 points
were obtained, with a mean score of 6.43 + 5.97. Thirty-nine percent of the women had an elevated score on the
EPDS scale, and 28% were burdened with pregnancy-induced hypertension. The researchers found that
77.78% of patients treated with methyldopa developed postpartum depression. However, it should be kept in
mind that the study described above has its limitations, such as a small sample size [23].

Management of Severe Hypertension in Pregnancy

According to ESC guidelines, if severe hypertension, symptoms of preeclampsia, or eclampsia are
detected (even at lower BP values), the patient should be referred to a hospital to extend diagnostics and lower
blood pressure under conditions that allow monitoring of the patient's and fetus's status, as this is a life-
threatening emergency. Antihypertensive therapy should be conducted in such a way as to initially aim to
lower MAP by less than 25%, and subsequently lower blood pressure values to <160/110 mmHg by a
maximum of 10% per hour. After stabilizing BP values, maintenance treatment should be initiated to keep
SBP within 110-140 mmHg and DBP within 80—-85 mmHg over the next few days. To lower BP in a pregnant
patient with severe hypertension, ESC experts recommend using intravenous dihydralazine, nitroglycerin,
urapidil, and labetalol, or oral nifedipine. Particular caution when conducting antihypertensive therapy should
be exercised in the presence of coexisting fetal growth restriction. It must be remembered that a sudden drop
in blood pressure can cause a reduction in blood flow through maternal organs, as well as the placenta and uterus,
which can result in intrauterine fetal demise [2,12]. Initiating an intravenous infusion of magnesium sulfate for
eclampsia prophylaxis is indicated. An analysis of randomized trials involving pregnant women with severe
preeclampsia showed that seizures occurred in 2.8% of women treated with antihypertensive drugs alone, and
much less frequently, in 0.9% of patients treated with magnesium sulfate [24].

Summary

Hypertension in pregnant women is a common problem, estimated to affect approximately 7-10% of
pregnancies. Notably, over the last two decades, the scale of this problem has increased by 25% [25]. Despite this,
at the initial stage, an increase in BP may remain asymptomatic, which is why measuring blood pressure in pregnant
women at every medical visit is so important. Ineffectively treated hypertension in pregnancy can lead to many
maternal complications such as eclampsia, HELLP syndrome, disseminated intravascular coagulation syndrome,
and kidney failure, as well as fetal complications, which include IUGR, placental abruption, intrauterine hypoxia,
and prematurity. Therefore, awareness and education of the pregnant woman on this subject, alongside close
cooperation between the patient and the doctor, are of paramount importance [2].
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